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J^MQNG  the  Diclianaries  of  Arts  and  Sciences  which  have  been  pabllfhed^  of  late 
ycars^  in  various  parts  of  Europe,  it  is  matter  of  furprife  that  Philofophy  and  Mathe- 
matics fnould  have  been  fo  far  overlooked  as  not  to  be  thoiight  worthy  of  a feparate 
Treatife,  in  this  form.  Thefe  Sciences  conftitute  a large  portion  of  tlie  prefent  flock 
of  human  knowledge,  and  have  been  iilually  confidered  as  pofiefling  a degree  of  im- 
portance to  which  few  others  are  entitled;  and  yet  wc  havT  hitlierto  had  no  diftincl 
Lexicon,  in  which  their  conllitucnt  parts  and  technical  terms  Ixavc  been  explained,  with 
that  amplitude  and  prccifion,  wLich  the  great  improvciuents  of  the  Ivlgdern;S,.  as  well  as 
the  riling  dignity  of  the  Subjcdl:,  feem  to  demand. 


The  only  \vorks  of  this  kind  in  the  Englifli  language,  deferving  of  notice,  are  Har- 
ris’s Lexicon  Teclmicum,  and  Stone’s  Mathematical  Didlionary  ; the  former  of  which,, 
though  a valuable  performance  at  the  time  it  was  written,  is  now  betiome  too  dry  and 
obfolete  to  be  referred  to  with  pleafure  or  fatisfadlion  : and  the  latter,  confiiding  only 
of  one  volume  in  8vo,  mult  be  regarded  merely  as  an  untinifhed  Iketch,  or  brief 
Gompendium,  extremely  liimtcd'  in  its  plan,  and  necellarily  deficient  in  ufcful  in-, 
formation. 


It  became^  therefore,  the  only  refourcc  of  the  Reader,  in  many  cafes  where  explana- 
tion was  wanted,  to  have  recourfe  to  Chambers’s  Dictionary,  in  four  large  Volumes  folio, 
or  to  the  Encyclopaedia  Britannica,  now  in  eighteen  large  volumes  4to,  or  the  ftill  more 
Itupendous  performance  of  the  I'Vench  Encyclopcdifls  ; and  even,  here  bis  cxpedla- 
tions  might  be  frequently  difappointed.  Thefe  great  and  ufcful  works,  aiming  at  a 
general  comprehenlion  of  the  wdiolc  circle  of  the  Sciences,  arc  fometimes  very  defi- 
cient in  their  deferiptions  of  particular  branches  ; it  being  almoE  iinpollible,  in  fuch 
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cxtenfive  undcrlakifigs,  to  appreciate,  . with  exacliiefs,  the  due  value  of  every  article  : 
They  are,  betides,  fo  voluininous  and  heterogeneous  in  their  nature,  as  to  render 
a frequent  reference  to  them  extremely  inconvenient : ^and  even  if  this  were  not  the 
cafe,  their  high  price  puts  them  out  of  the  reach  of  the  generality  of  readers. 

With  a view  to  obviate  thefe  defeats,  the  Piiblie  are  here  prefented  with  a Dic- 
tionary of  a moderate  iize  and  price,  which  is  devoted  folcly  to  Philofophical  and  Ma- 
thematical fubjecds.  It  Is  a work  for  which  materials  have  been  collehlin^  through  a 
courle  of  many  years  ; and  is  the  refult  of  great  labour  and  reading.  Not  only  mold  of 
the  Encvclojiedias  already  extant,,  and  the  various  publications  of  the  Learned  Societies 
throughout  Europe,  have  been  carefully  confulted,  but  alfo  all  the  original  works,  of 
any  reputation,  which  have  hitlierto  ap[)eared  upon  thele  fubjedts,  from  the  qaidieft 
writers  dmvn  to  the  nrefent  times, 
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From  the  latter  of  thefc  fources,  in  particular,  a' confiderable  portion- of  information 
has  been  obtained,  ^vhieh  the  curious  reader  will  find,  in  many  cafes,  to  be  highly  in- 
terelf ing  and  important.  The  Hiftory  of  Algebra,  for  inflance,  which  is  detailed  at 
<2onfulerablc  length  in  the  Firlt  Volume,  under  the  head  of  that  Article,  will  afford 
fufheient  evidence  to  fliew  in  what  a fuperficial  and  partial  way  the  inquiry  has  been 
hitherto  mvetligated,  even  by  profefled  writers  on  the  fubjedl ; the  principal  of  whom 
are  M.  Montucla,  our  countryman  the  celebrated  Dr.  Wallis,  and  the  Abbe  De  Gua, 
a late  Erench  author, xvho  has  pretended  to  corredl  the  Doctor’s  errors  and  mifreprefem- 
tations^ 

Regular  hitlorical  details  arc  in  like  manner  given  of  the  origin  and  progrefs  of 
each  of  thefe  Sciences,  as  well  as  of  the  inventions  and  improvements  1j}^  wbich  they 
ha\'e  been  gradually  brought  from  their  firff  rude  beginnings  to  their  prefent  ad- 
vanced date. 

It  is  alfo  to  be  obferved,  that  befides  the  articles  common  to  the  generality  of 
Dit'dionaries  of  this  kind,  an  interelling  Biographical  Account  is  here  ntroduced 
ot  the  inoft  celebrated  Plnlofophcrs  and  Mathematicians,  both  ancient  and  modern  ; 
among  which  will  be  found  the  Lives  of  many  eminent  charaeders,  who  have  hi- 
therto been  eitlier  wholly  overlooked,  or  very  imperfeflly  recorded.  Complete  lilts  of 
their  works  are  allb  fubjoined  to  each  Article,  where  they  could  be  procured;  which 
cannot  but\ prove  highly  acceptable  to  that  clafs  of  readers,  who  are  defirous  of  ob- 
taining the  mod  • latisfafiory  information  upon  the  fubjehls  of  their  particular  enqui- 
ries and  purlnits.  On  the  head  of  Biography  however  the  Author  has  dill  to 
lanrcnt  the  want  of  many  other  refpcdfablc  names  vvEhcJi  he  was  dedrous  to  have  added 
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to’  his  lifl  of  authors, ‘not  having  been  able  to  procure  any  circumdautial  accounts  of 
their  lives.  ‘He  could  have  wifhed  to  'have  comprifed . in  his  lift,  the  lives  of  all 
fuchipiiblic  literary  charaders  as  the  Univertity  Profetlbrs  of  Aftroiiomv,  Philofopiiy  and 
Mathematics,  as  well  as  thofe  of  the  other  more  refpcc^hible  clafs  of  Authors  on  thofe 
Sciences.  lie  will  therefore  thankfully  receive  the  communication  of  any  fnch  memoirs 
from  the  hands  of  gentlemen  potietied  ot  them*;  as  well  as  hints  and  information  on 
fnch  ufcful  improvements  in  the  fcienecs  as  may  have  been  overlooked  in  this  Dic- 
tionary, or  any  articles  that  may  here  have  been  imperfcclly  or  incorrectly  treated  ; that 
he  may  at  fome  future  time,  by  adding  them  to  this  work,  render  it  fiill  more  complete 
and  defervingdhc  public  notice. 

As  this  work  is  an  attempt  to  feparate  the  words  in  the  fcicnccsof  Adronomy,  Mathe- 
matics, and  Philofophy,  from  thofe  of  other  arts  or  fcicnccs,  in  fcvcral  of  v/hich  there 
arc  already  feparate  Dictionaries  ; as  in  Chemillry,  Cicographv,  Aliific,  INInrinc  and 
Naval  affairs,  &c ; words  fomctiincs  occurred  which  it  was  rather  donbtiul  whe- 
ther they  could  be  confidercd  as  properly  belonging  to  tlie  prefent  work  or  not  ; 
in  which  cafe  many  of  fuch  words  have  been  here  inferted.  But  fucli  as  aj;|)carccL 
clearly  and  peculiarly  to  belong  to  any  of  thofe  other  li;bjeffs,  have  been  cither  whollj'' 
omitted,  or  elfe  have  had  a very  Ibort  account  only  given  of  them.  The  readers  of  this 
work  therefore,  recollecting  that  it  is  not  a General  Dicliona.ry  of  all  the  Arts  and. 
Sciences,  will  not  expedl  to  find  all  forts  of  words  and  fubjccls  here  treated  of ; but 
fuch  only  as  peculiarly  appertain  to  the  proper  matter  of  the  work.  And  therefore, 
although  fome  few  words  may  inadvertently  have  been  omitted  ; yet  when  tlie  Reader 
does  not  immediately  find  every  word  which  he  withes  to  confult,  he  will  not  alway.s-- 
contider  them  as  omiffions  of  the  Author,  but  for  the  moft  jiart  as  relating  to  ibmc  oilier- 
fcience  foreign  to  this  Dictionary. 

In  all  cafes  where  it  could  be  conveniently  done,  the  ncccffiry  fgui-es  and  dia- 
grams are  inferted  in  the  fame  page  with  the  fubjets  which  they  arc  defigned  to. 
elucidate  ; a method  which  will  be  found  much  more  commodious'  than  that  of 
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putting  them  in  feparate  plates  at  the  end  of  each  volume,  but,,  which  has  added 
very  confiderably  to  the  cxpence  of  the  undertaking:  where  the  fubjets  are  of 
fuch  a nature  that  they  could  not  be  otherwife  well  reprefented,  they  aie  engraved  on. 
Copperplates. 

As  the  whole  of  this  work  was  written  before  it  wa§  put  to  the  prefs,  the  Reader- 
will  find  it  of  an  equal  and  uniform*  nature  and  eonftruetion  throughout  ; iiic 
which  refpefl  many  publications  of  this  kind  are-  veiy  defective,  from  the  fub- 
jefls  being  diffufely  treated  under  the  firfl  letters  of  the  alphabet,  while  articles 
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cf  equal  importance  in  the  latter  part  are  fo'  much  abridged  as  to  be  rendered  al- 
moft  ufelefs,  in  order  that  the  whole  might  be  comprifed  in  a limited  number  of 
flieets,  according  to  propofals  made^  before  the  works  were  compofed.  The  pre- 
fent  Did  ionary  having  been  completed  without  any  of  thefe  unfavourable  circiim- 
flances,  will  be  found  in  mold  cafes  equally  intdrudive  and  ufefub  and  may  be 
confulted  with  no  lets  advantage  by  the  Man  of  Science  than  the  Student. 
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ABACIST,  an  Arithmetician.  In  this  fenfe  we 
find  the  word  ufcd  by  William  of  Midmelbury, 
in  his  Hlftory  de  Gejlis  Anglorurriy  written  about  the 
year  1150;  where  he  (hews  that  one  Gerbert,  a learned 
monk  of  France,  who  was  afterwards  made  pope  of 
Rome  in  the  year  998  or  999,  by  the  name  of  Silvefter 
the  2d,  was  the  firfl  who  gotTrom  the  Saracens  the 
abacus,  and  that  be  taught  fuch  rules  concerning  it,  as 
the  Abacifis  theinfelves  could  hardly  underftand. 

ABACUS,  in  Arithmetic,  an  ancient  inftrument  ufcd 
by  mod  nations  for  calling  up  accounts,  or  performing 
arithmetical  calculations  : it  is  by  fome  derived  from  th„ 
Greek  aea|,  which  fignifies  a cupboard  or  beaufet,  per- 
haps from  the  fimilarity  of  the  form  of  this  inllrument ; 
and  by  others  It  is  derived  from  the  Phoenician  abak, 
which  fignifies  dud  or  powder,  bccaufe  It  was  faid  that 
this  Indrument  was  fometimes  made  of  a fquare  board 
or  tablet,  which  was  powdered  over  with  fine  fand  or  dud, 
in  W'hich  were  traced  the  figures  or  charadleis  ufed  in 
making  calculations,  which  could  thence  be  ealily  de- 
faced, and  the  abacus  refitted  for  ufe,  But'Lucas  Pa- 
ciplus,  in  the  fird  part  of  his  fecond  didIn6lion,  thinks  It 
is  a corruption  of  Arabicus,  by  which  he  meant  their 
Algorlfm,  or  the  method  of  numeral  computation  re- 
ceived from  them. 

We  find  this  indrument  for  computation  In  ufe,  under 
fome  variations,  with  mod  nations,  as  the  Gj*eeks,  Ro- 
mans, Germans,  French,  Chinefe,  &c. 

The  Grecian  abacus  was  an  oblong  frame,  over 
which  were  dretched  feveral  brafs  wires,  drung  with 
little  Ivory  balls,  like  the  beads  of  a necklace ; by  the 
various  arraup-ements  of  which  all  kinds  of  computa- 
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tions  were  cafily  made.  Mahudel,  in  Hid.  Acad.  R. 
Infer,  t.  3.  p.  390. 

T^hc  Roman  Abacus  was  a little  varied  from  the  Gre-  ' 
clan,  having  pins  Hiding  In  grooves.  Indead  of  firings  or 
wires  and  beads.  Philof.  TranC  No.  180. 

The  Chinefe  Abacus,  or  Shwan-pan,  like  the  Gre- 
cian, confids  of  feveral  feries  of  beads  drung  on  brafs 
wires,  dretched  from  the  top  to  the  bottom  of  the  in- 
drument, and  divided  In  the  middle  by  a crofs  piece 
from  fide  to  fide.  In  the  upper  fpace  every  firing  has 
two  beads,  which  are  each  counted  for  5 ; and  In  the 
lower  fpace  every  firing  has  five  beads,  of  different 
values,  the  fird  being  counted  as  i,  the  fecond  as  10, 
the  third  as  100,  and  fo  on,  as  with  us.  See  Shwan- 
pan. 

The  Abacus  chiefly  ufed  in  European  countries.  Is 
nearly  upon  the  fame  principles,  though  the  ufe  of  it  is 
here  more  limited,  becaufe  of  the  arbitrary  and  unequal 
dlvifions  of  money,  weights,  and  meafures,  which,  in 
China,  are  all  divided  in  a tenfold  proportion,  like  our 
fcalc  ef  common  numbers.  This  is  made  by  drawing 
any  number  of  parallel  lines,  like  paper  ruled  for  mufic, 
at  fuch  a diftance  as  may  be  at  lead  equal  to  twice  the 
diameter  of  a calculus,  or  counter.  Then  the  value  of 
thefe  lines,  and  of  the  fpaces  between  them,  Increafes, 
from  the  lowed  to  the  highefi,  in  a tenfold  proportion. 
Thus,  counters  placed  upon  the  fird  line,  fignify  fo  many 
units  or  ones  ; on  the  fecond  line  lo’s,  on  the  third 
line  loo’s,  on  the  fourth  line  looo’s,  and  fo  on : in 
like  manner  a counter  placed  in  the  fird  fpace,  between 
the  fird  and  fecond  line,  denotes  5,  in  the  fecond  fpace 
50,  in  the  third  fpace  500,  in  the  fourth  fpace  5000, 
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and  fo  on.  So  that  there  are  never  more  than  four 
counters  placed  on  any  line,  nor  more  than  one  placed 
jn  any  fpace,  this  being  of  the  fame  value  as  five  coun- 
ters on  the  next  line  below,  , So  the  counters  on  the 
Abacus,  in  the  figure  here  below,  exprefs  the  number 
or  fum  47382. 
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Befides  the  above  Infiruments  of  computation,  there 
have  been  feveral  others  invented  by  different  peidbns  ; 
as  Napier^s  rods  or  hones,  deferibed  in  his  Rabdologia, 
which  fee  under  the  word  Napier  ; alfo  the  Abacus 
Rhahdologicus,  a variation  of  Napier’s,  which  is  de- 
feribed in  the  fir  ft  vol.  of  Machines  et  Inventions  ap- 
prouvees  par  V Academie  Royale  des  Sciences.  An  in- 
genious and  general  one  was  alfo  invented  by  Mr.  Ga- 
maliel Smethurft,  and  is  deferibed  in  the  Philofophical 
Tranfa£lions,  vol.  46  ; where  the  inventor  remarks  that 
computations  by  it  are  much  quicker  and  eafier  than  by 
the  pen,  are  lefs  burthenfome  to  the  memory,  and  can 
be  performed  by  blind  perfons,  or  in  the  dark  as  well  as 
in  the  light.  A very  comprehenfive  inftrument  of  this 
kind  was  alfo  contrived  by  the  late  learned  Dr.  Ni- 
cholas Saunderfon,  by  which  he  performed  very  intri- 
cate calculations : an  account  of  it  is  prefixed  to  the 
firft  volume  ©f  his  Algebra,  and  it  is  there  by  the  editor 
called  Palpable  Arithmetic  : which  fee. 

Abacus,  Pythagorean,  fo  denominated  from  its  in- 
ventor, Pythagoras ; a table  of  numbers,  contrived  for 
readily  learning  the  principles  of  arithmetic ; and  was 
probably  what  we  now  call  the  multiplication-table. 

Abacus,  or  Abaciscus,  in  Architecture,  the  upper 
part  or  member  of  the  capital  of  a column  ; ferving  as 
a crowning  both  to  the  capital  and  to  the  whole  co- 
lumn. Vitruvius  informs  us  that  the  Abacus  was  ori- 
ginally intended  to  reprefent  a fquare  flat  tile  laid  over 
an  urn,  or  a bafleet ; and  the  invention  is  aferibed  to 
Calimachus,  an  ingenious  ftatuary  of  Athens,  who,  it  is 
faid,  adopted  it  on  obferving  a fmall  bafleet,  covered 
with  a tile,  over  the  root  of  an  Acanthus  plant,  which 
grew  on  the  grave  of  a young  lady ; the  plant  {hoot- 
ing up,  encompaffed  the  bafleet  all  around,  till  meeting 
with  the  tile,  it. curled  back  in  the  form  of  fcrolls  : 
Calimachus  pafling  by,  took  the  hint,  and  immediately 
executed  a capital  on  this  plan  ; reprefenting  the  tile  by 
the  Abacus,  the  leaves  of  the  acanthus  by  the  volutes  or 
fcrolls,  and  the  baflcct  by  the  vafe  or  body  of  the  ca- 
pital. See  Acanthus. 

Abacus  is  alfo  ufed  by  Scamozzi  for  a concave  mould- 
ing in  the  capital  of  the  Tufean  pedeftal.  And  the 
word  is  ufed  by  Palladio  for  other  members  which  lie 
deferibes.  Alfo,  in  the  ancient  archite<5lure,  the  fame 
term  is  ufed  to  denote  certain  compartments  in  the  in- 
oruftation  or  lining  of  the  walls  of  ftate-rooms,  mofaic- 
pavements,  and  the  like.  There  were  Abaci  of  marble, 
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porphyry,  jafper,  alabafter,  and  even  glafs;  varioufiy 
lhaped,  as  fquare,  triangular,  and  fuch-like. 

Abacus  Logijlicus  is  a right  angled  triangle,  whofe 
fides,  about  the  right  angle,  contain  all  the  numbers 
from  I to  60  ; and  its  area  the  products  of  each  two  of 
the  oppofite  numbers.  This  is  alfo  called  a canon  of 
fexagefimals,  and  is  no  other  than  a multiplication-table 
carried  to  60  both  ways. 

Abacus  ^ Palmula,  in  the  Ancient  Mufic,  denote 
the  machinery  by  which  the  firings  of  the  polypledtra, 
or  inftruments  of  many  firings,  were  ftruck,  with  a 
plectrum  made  of  quills. 

Abacus  Harmonicus  is  ufed  by  Kircher  for  the  ftruc- 
ture  and  difpofition  of  the  keys  of  a mufical  inftrumeiit, 
either  to  be  touched  with  the  hands  or  feet. 

Abacus,  in  Geometry,  a table  or  flate  upon  which 
fchemes  or  diagrams  are  drawn. 

ABAS,  a weight  ufed  in  Perfia  for  weighing  pearls  j 
and  is  an  eighth  part  lighter  than  the  European  carat. 

ABASSI,  a filver  coin  current  in  Perfia,  deriving 
its  name  from  Schaw  Abbas  II.  King  of  Perfia,  and  is 
worth  near  eighteen  pence  Englifti  money. 

ABATIS,  or  Abattis,  from  the  IS vtneh.  ahattre,  to 
throw  down,  or  beat  down,  in  the  Military  Art,  denotes 
a kind  of  retrenchment  made  by  a quantity  of  whole 
frees  cut  down,  and  laid  lengthways  befide  each  other, 
the  clofer  the  better,  having  all  their  branches  pointed 
towards  the  enemy,  which  prevents  his  approach,  at  the 
fame  time  that  the  trunks  ferve  as  a breaft-work  before 
the  men.  The  Abattis  is  a very  ufeful  work  on  moft: 
occafions,  efpecially  on  fudden  emergencies,  when  trees 
are  near  at  hand ; and  has  always  been  pra6lifed  with 
confiderable  fuccefs,  by  the  ableft  commanders  in  all 
ages  and  nations. 

ABBREVIATE  ; to  abbreviate  fraftions  in  arith- 
metic and  algebra,  is  to  lefien  proportionally  their  terms, 
or  the  numerator  and  denominator ; which  is  performed 
by  dividing  thofe  terms  by  any  number  or  quantity, 
which  will  divide  them  without  leaving  a remainder. 
And  when  the  terms  cannot  be  any  farther  fo  divided^ 
the  fratlion  is  faid  to  be  in  its  leaft  terms. 


So 


16 ^ 4 ^ 

24  12  6 

by  dividing  the  terms  continually  by  2, 


And 


294 


147 


. . 504  252 

by  dividing  by  2,  3,  and  7. 

Alfo 

6 2 

by  dividing  by  3 and  by  2. 


49 

84 


12 


4X5  = 20, 


* I2abx^  ^bx 

And = — , by  dividing  by  4 5 

C 

And  r—  = — , by  dividing  by  a 4- sc. 


ABBREVIATION,  of  fradlions,  in  Arithmetic 
and  Algebra,  the  reducing  them  to  lower  terms. 

ABERRATION,  in  AJlronomy,  an  apparent  mo- 
tion of  the  celefiial  bodies,  occafioned  by  the  pro- 
g'refiive  motion  of  light,  and  the  earth’s  annual  raotioo 
in  her  orbit. 

This  effedft  may  be  explained  and  familiarized  by  the 

motioi^ 
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motion  of  aline  parallel  to  itfelf,  much  after  the  manner 
that  the  compofition  and  reiolution  of  forces  are  ex- 
plained. If  light  have  a progreffivc  motion,  let  the 

proportion  of  its  velocity  to  that 
of  the  eaith  in  her  orbit,  be  as 
the  line  13  C to  the  line  AC; 
then,  by  the  compofition  of  thefe 
two  motions,  the  particle  of 
light  will  feem  to  deferibe  the 
line  B A or  D C,  infiead  of  its 
real  coiirfe  B C ; and  will  appear 
in  the  direilion  A B or  C D,  in- 
ftead  of  its  true  direction  C B. 
So  that  if  A B reprefent  a tube, 
carried  with  a parallel  motion  by 
an  obferrer  along  the  line  A C, 
in  the  time  that  a particle  of  light 
would  move  over  the  fpace  B C, 
the  different  places  of  the  tube  being  AB,  cd^  CD; 
and  when  the  eye,  or  end  of  the  tube,  is  at  A,  let  a 
particle  oB  light  enter  the  other  end  at  B ; then  when 
the  tube  is  at  a the  particle  of  light  will  be  at  c,  exadlly 
in  the  axis  of  the  tube  ; and  when  the  tube  is  at  c .7,  the 
particle  of  light  wall  arrive  at  fy  llill  in  the  axis  of  the 
tube  ; and  laftly,  when  the  tube  arrives  at  C D,  the  par- 
ticle of  light  will  arrive  at  the  eye  or  point  C,  and  con- 
fequently  will  appear  to  come  in  the  dire6Iion  D C of 
the  tube,  inftead  of  the  true  direclion  B C.  And  fo 
on,  one  particle  fucceeding  another,  and  forming  a con- 
tinued dream  or  ray  of  light  in  the  apparent  diredtion 
1)  C.  So  that  the  apparent  angle  made  by  the  ray  of 
light  witli  the  line  A E,  is  the  angle  D C E,  inftead  of 
the  true  angle  BCE;  and  the  difference,  B C D or 
A B C,  is  the  quantity  of  the  aberration. 

M.  de  Maupertiiis,  in  his  Elements  of  Geography, 
gives  alfo  a familiar  and  ingenious  idea  of  the  aber- 
ration, in  this  manner:  “ It  is  thus,”  fays  he,  “ con- 
cerning the  direction  in  which  a gun  muft  be  pointed 
to  ftrlke  a bird  in  its  flight  ; inftead  of  pointing  it 
ftraight  to  the  bird,  the  fowler  wall  point  n little  before 
it,  in  the  path  of  its  flight,  and  that  fo  much  tlic  more 
as  the  flight  of  the  bird  is  more  rapid,  with  refped:  to 
the  flight  of  the  fhot.”  In  this  w^ay  of  confidcring  the 
matter,  the  flight  of  the  bird  reprefent s the  motion  of 
the  earth,  or  the  line  A C,  in  our  fcheme  above,  and 
the  flight  of  the  fliot  reprefents  the  motion  of  the  ray 
oi  light,  or  the  line  B C. 

Mr.  Clairaiit  too,  in  the  Memoires  of  the  Academv  of 
Sciences  for  the  year  174^,  illuftrates  this  elfeci  in  a 
familiar  w’ay,  by  fuppofing  drops  of  rain  to  fall  rapidly 
and  quickly  after  each  other  from  a cloud,  under  wliicli 
a perfon  moves  with  a very  narrow  tube  ; in  w’hich  cafe 
it  is  evident  that  the  tube  muft  have  a certain  inclina- 
tion, in  order  that  a drop  which  enters  at  the  top,  may 
fall  freely  through  the  axis  of  the  tube,  wn'thout  touching 
the  Tides  of  it  ; w’hich  inclination  muft  be  more  or  lefs 
according  to  the  velocity  of  the  dro])s  in  refpctl  to  that 
of  the  tube : then  the  angle  made  by  tlie  direAlon  of 
the  tube  and  of  the  falling  drops,  is  the  aberration  arii- 
Mig  from  the  combination  of  thofe  two  motions. 

This  difeovery,  which  is  one  of  the  brighteft  that  have 
been  made  in  the  prefect  age,  we  owe  to  the  accuracy 
and  ingenuity  of  the  late  Dr,  Bradley,  Altronorncr 
jR-oyal ; to  which  he  was  occafioHaHy  led  by  the  refult 


of  fome  accurate  obfervations  which  be  had  made  with 
another  view,  namely,  to  determine  the  annual  parallax 
of  the  fixed  ftars,  or  that  which  arifes  from  the  motion 
of  the  earth  in  its  annual  orbit  about  the  fun. 

The  annual  motion  of  the  earth  about  the  fun  had 
been  much  doubted,  and  warmly  contefted.  The  de- 
fenders of  that  motion,  among  other  proofs  of  the  re- 
ality of  it,  conceived  the  idea  of  adducing  an  inton- 
feftable  one  from  the  annual  parallax  of  the  fixed  ftars, 
if  the  ftars  fhould  be  within  fuch  a diftance,  or  if  in- 
ftruments  and  obfervations  could  be  made  with  fueft  ac- 
curacy, as  to  render  that  parallax  fenfible.  And  with 
this  view'  various  attempts  have  been  made.  Before  the 
obfervations  of  M.  Picard,  made  in  1672,  it  was  the 
general  opinion,  that  the  ftars  did  not  change  their  po- 
fition  during  the  coiirfe  of  a year.  Tycho  Brahe  and 
Ricciolus  fancied  that  thev  had  aftiired  themfelves  of  it 
from  their  obfervations;  and  from  thence  they  concluded 
that  the  earth  did  not  move  round  the  fun,  and  that 
there  was  no  annual  parallax  in  the  fixed  ftars.  M.  Pi- 
card, In  the  account  of  his  Voyage  Uranihourg^  made 
in  1672,  fays  that  the  pole  ftar,  at  different  times  of 
the  year,  has  certain  variations  which  he  had  obferted 
for  about  10  years,  and  which  amounted  to  about  40" 
a year : from  whence  fome  who  favoured  the  annual 
motion  of  the  earth  w'cre  led  to  conclude  that  thefe  va- 
riations w'ere  the  effetft  of  the  parallax  of  the  earth’s 
orbit.  But  it  w'as  impoffible  to  explain  it  by  that  pa- 
rallax ; becaufe  this  motion  was  in  a manner  contrary  to 
w'hat  ouglit  to  follow  only  from  the  motion  of  the  earth 
in  her  orbit. 

[n  1674  Dr.  Hook  publifhed  an  account  of  obfer- 
vations which  he  faid  he  had  made  in  1669,  and  bj 
which  he  had  found  that  the  ftar  y Draconis  was  23  ' 
more  noitlierly  In  July  than  in  Odlober : obfervations 
which,  for  the  prefent.  Teemed  to  favour  the  opinion  of 
the  earth’s  motion,  although  it  be  now  known  that 
there  could  not  be  any  truth  or  accuracy  in  them. 

Flamfteed  having  obferved  the  pole  ftar  with  hi* 
mural  quadrant,  in  1689  and  the  fbllow’ing  years,  found 
that  Its  declination  was  40“"^  lefs  In  July  than  in  De- 
cember; which  obfervations,  although  very  juft,  were 
yet  however  improper  for  proving  the  annual  parallax  ; 
and  he  recommended  the  making  of  an  inftrument  of 
15;  or  20  feet  radius,  to  be  firmly  fixed  on  a ftrong 
foundation,  for  deciding  a doubt  wdiich  w'as  otherwile 
not  Toon  likely  to  be  brought  to  aconclufion. 

In  this  Hate  of  uncertainty  and  doubt,  then,  Dr. 
Bradley,  in  coiijun61ion  with  Mr,  Samuel  MoHneux, 
in  the  year  1725,  formed  the  proje6l  of  verir)ing,  by 
a feriea  of  new  obfervations,  thofe  wftiich  Dr,  Hook 
had  communicated  to  the  public  almoft  50  years 
before.  And  as  it  was  his  attempt  that  chiefly 
gave  rife  to  this,  fo  it  w’as  his  method  in  making  the 
obfervations,  in  fome  meafure,  that  they  followed ; for 
they  made  choice  of  the  fame  ftar,  and  their  inftrument 
was  conftrufted  upon  nearly  the  fame  principles  ; but 
had  it  not  greatly  exceeded  the  former  in  exadlnefs, 
they  might  itill  have  continued  In  great  uncertainty  as 
to  tl\e  parallax  of  the  fixed  ftars.  And  this  w as  chiefly 
owing  to  the  accuracy  of  the  Ingenious  Mr.  George 
Graham,  to  w'hom  the  lovers  of  ailronomy  are  alfo  in- 
debted for  fcvcral  other  exa(ft:  and  convenient  inftru- 
meiUh, 
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The  furcefs  then  of  the  intended  experiment,  evi- 
dently depending  very  much  on  the  accuracy  of  the  in- 
ftrument,  that  leading  obiedl  was  firit  to  be  well  fe- 
cured.  Mr.  Molineux’s  apparatus  then  having  been 
completed,  and  fitted  for  obfcrving,  about  the  end  of 
November  172  5,  on  the  third  day  of  December  follow- 
ing, the  bright  ftar  in  the  head  of  Draco,  marked  y by 
Bayer,  was  for  the  firfl  time  obferved,  as  it  paiTed  near 
the  zenith,  and  its  fituation  carefully  taken  with  the  in- 
ftrument.  The  like  obfervations  were  made  on  the 
fifth,  eleventh,  and  twelfth  days  of  the  fame  month  ; 
and  there  appearing  no  material  difference  in  the  place 
of  the  ftar,  a farther  repetition  of  them,  at  that  feafon, 
feemed  needlefs,  it  being  a time  of  the  year  In  which 
no  fenfible  alteration  of  parallax.  In  this  ftar,  could  foon 
be  expedled.  It  was  therefore  curiofity  that  chiefly 
urged  Dr.  Bradley,  being  then  at  Kew,  where  the  in- 
ftrument  was  fixed,  to  prepare  for  obferving  the  ftar 
again  on  the  17th  of  the  fame  month  ; w'hen,  having 
adj lifted  the  inftrument  as  ufual,  he  perceived  that  it 
paflTed  a little  more  foutherly  this  day  than  It  had  done 
before.  Not  fufpedting  any  other  caufe  of  this  appear- 
ance, they  firft  concluded  that  it  was  owing  to  the  un- 
certainty of  the  obfervations,  and  that  either  this,  or 
the  foregoing,  was  not  fo  exadl  as  they  had  before  fup- 
poied.  For  which  reafon  they  propofed  to  repeat  the 
obfervation  again,  to  determine  from  what  caufe  this  dif- 
ference might  proceed : and  upon  doing  it,  on  the  20th  of 
December,  the  dodlor  found  that  the  ftar  paffed  ftill  more 
foutherly  than  at  the  preceding  obfervation.  This  fen- 
fible alteration  furprifed  them  the  more,  as  It  was  the 
contrary  way  from  what  it  would  have  been,  had  it 
proceeded  from  an  annual  parallax  of  the  ftar.  But 
being  now  pretty  well  fatisfied,  that  it  could  not  be  en- 
tirely owing  to  the  want  of  exaffnefs  In  the  obferva- 
tions, and  having  no  notion  of  any  thing  elfe  that  could 
caufe  fuch  an  apparent  motion  as  this  In  the  ftar  ; they 
began  to  fufpedb  that  fomc  change  in  the  materials,  or 
fabric  of  the  inftrument  itfelf,  might  have  occafioned  it. 
Under  thefe  uncertainties  they  remained  for  fome  time  ; 
but  being  at  length  fully  convinced,  by  feveral  trials,  of 
the  great  exa6lnefs  of  the  inftrument  ; and  finding,  by 
the  gradual  increafe  of  the  ftar’s  diftance  from  the  pole, 
that  there  muft  be  fome  regular  caufe  that  produced  it ; 
they  took  care  to  examine  very  nicely,  at  the  time  of 
each  obfervation,  how  much  the  variation  was ; till 
about  the  beginning  of  March  1726,  the  ftar  was  found 
to  be  20"  more  foutherly  than  at  the  time  of  the  firft 
obfervation  : it  now  indeed  feemed  to  liave  arrived  at  its 
utmoft  limit  fouthward,  as  in  feveral  trials,  made  about 
this  time,  no  fenfible  difference  was  obferved  in  Its  fitu- 
atiou.  By  the  middle  of  April  it  appeared  to  be  re- 
turning back  again  towards  the  north  ; and  about  the 
beginning  of  June,  it  pafied  at  the  fame  diftance  from 
the  zenith,  as  it  had  done  In  December,  when  it  was 
firft  obferved. 

From  the  quick  alteration  in  the  declination  of  the 
ftar  about  this  time,  increafing  about  one  fecond  in 
three  days,  it  was  conjeftured  that  it  would  now  pro- 
ceed northward,  as  It  had  before  gone  fouthward,  of  its 
prefent  fituation  \ and  it  happened  accordingly  ; for 
the  ftar  continued  to  move  northward  till  September 
following,  when  It  became  ftatlonary  again  ; being  then 
near  20"  more  northerly  than  In  June,  and  upwards  of 
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more  northerly  than  it  had  been  in  March.  From 
'Sc  ptember  the  ftar  again  returned  towards  the  fonth, 
till,  in  December,  it  arrived  at  the  fame  fituation  in 
w!  ich  it  had  been  obferved  tv/elve  months  before,  allow- 
for  the  difference  of  declination  on  account  of  the 

o 

preceffion  of  the  equinox. 

This  was  a fufficient  proof  that  the  inftrument  had 
not  been  the  caufe  of  this  apparent  motion  of  the  ftar ; 
and  yet  it  feemed  difficult  to  devife  one  that  ffiould  be 
adequate  to  fuch  an  unufual  effedf.  A nutation  of  the 
earth’s  axis  was  one  of  the  firft  things  that  offered  itfelf 
on  this  occafion  ; but  It  was  foon  found  to  be  infuf- 
freient ; for  though  it  might  have  accounted  for  the 
change  of  declination  in  y Draconis,  yet  it  would  not 
at  the  fame  ti,me  accord  with  the  phenomena  obferved 
in  the  other  ftars,  particularly  in  a fmall  one  almoft  op- 
pofite  in  right  afeenfion  to  y Draconis,  and  at  about 
the  fame  diftance  from  the  north  pole  of  the  equator : 
for  though  this  ftar  feemed  to  move  the  fame  way,  as  a 
nutation  of  the  earth’s  axis  would  l^ave  made  It ; yet 
changing  its  declination  but  about  half  as  much  as  y 
Draconis  In  the  fame  time,  as  appeared  on  comparing 
the  obfervations  of  both  made  on  the  fame  days,  at  dif- 
ferent feafons  of  the  year,  this  plainly  proved  that  the 
apparent  motion  of  the  ftar  w'as  not  occafioned  by  a 
real  nutation ; fince,  had  that  been  the  cafe,  the  alter- 
ation in  both  ftars  would  have  been  nearly  equal* 

The  great  regularity  of  the  obfervations  left  no  room 
to  doubt,  but  that  there  w^as  fome  uniform  caufe  by 
which  this  unexpedled  motion  was  produced,  and  which 
did  not  depend  on  the  uncertainty  or  variety  of  the 
feafons  of  the  year.  Upon  comparing  the  obfervations 
with  each  other,  It  was  difeovered  that,  in  both  the 
ftars  above  mentioned,  the  apparent  difference  of  decli- 
nation from  the  maxima^  was  always  nearly  proportional 
to  the  verfed  fine  of  the  fun’s  diftance  from  the  eqiii- 
nodfial  points.  This  was  an  inducement  to  think  that 
the  caufe,  whatever  it  was,  had  forne  relation  to  the 
fun’s  fituation  wdth  refpedl  to  thofe  points.  But  not 
being  able  to  frame  any  hypothefis,  fufficient  to  account 
for  ail  the  phenomena  , and  being  very  defiroiis  to  fearch 
a little  farther  into  this  matter,  Dr.  Bradley  began  to 
think  of  eredling  an  inftrument  for  himfelf  at  Wanftead ; 
that,  having  it  always  at  hand,  he  might  with  the  more 
eafe  and  certainty  enquire  into  the  laws  of  this  new 
motion.  The  confideratlon  llkewife  of  being  able,  by 
another  inftrument,  to  confirm  the  truth  of  the  ob- 
fervations hitherto  made  with  that  of  Mr.  Molineux, 
was  no  fmall  inducement  to  the  undertaking  ; but  the 
chief  of  all  w’-as,  the  opportunity  be  Ihould  thereby  have 
of  trying  in  what  manner  other  ftars  fhould  be  affected 
by  the  fame  caufe,  whatever  it  might  be.  For  Mr.  Moll- 
neux’s  inftrument  being  originally  defigned  for  obferving 
y Draconis,  to  try  whether  it  had  any  fenfible  parallax,  it 
was  fo  contrived,  as  to  be  capable  of  but  little  alteration 
in  its  direillon  ; not  above  feven  or  eight  minutes  of  a 
degree  : and  there  being  but  few*’  ftars,  within  half  that 
diftance  from  the  zenith  of  Kew,  bright  enough  to  be 
well  obferved,  he  could  not,  with  his  inftrument,  tho- 
roughly examine  how  this  canfe  affected  ftars  that  were 
differently  fituated,  with  refpe6l  to  the  equinoctial  and 
folfticial  points  of  the  ecliptic. 

Thefe  confideratlons  determined  him  ; and  by  the 
contrivance  and  direCfion  of  the  fame  Ingenious  perfon, 
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Mr.  Graham,  his  inftrumcnt  was  fixed  up  the  19th  of 
Augufl  1727.  As  he  had  no  convenient  place  where 
he  could  make  ufe.of  fo  long*  a telefcope  as  Mr.  Mo- 
lineux/s,  he  contented  himfelf  with  one  of  buL  little 
more  than  half  the  length,  namely  of  i 2 feet  and  a half, 
the  other  being  21  feet  and  a half  long,  iudglng  from 
the  experience  he  had  already  had,  that  tins  radius  would 
be  long  enough  to  adjufl  the  inllrument  to  a fufficient 
degree  of  exaclnefs  ; and  he  had  no  reafon  afterwards 
to  change  his  opinion  ; for  by  all  his  trtals  he  was  very 
well  fatisfied,  that  when  it  was  carefully  redfified,  its 
lituation  might  be  fecurely'  depended  on  to  half  a 
iecond.  As  the  place  where  his  inllrument  was  Imng, 
in  fome  meafure  determined  its  radius  ; fo  did  it  alfo 
the  length  of  tlie  arc  or  limb,  on  which  the  divifions 
were  made,  to  adjull  it ; for  the  arc  could  not  conve- 
niently be  extended  farther,  than  to  reach  to  about  6-^ 
degrees  on  each  fide  of  his  zenith.  This  however  was 
fufficient,  as  it  gave  him  an  opportunity  of  making 
choice  of  feveral  flars,  very  different  both  in  magnitude 
and  lituation  : there  being  more  than  two  hundred,  in- 
ferted  in  the  Bn’tilh  Catalogue,  that  might  be  obferved 
with  it.  He  needed  not  indeed  to  have  extended  the 
limb  fo  far,  but  that  he  was  willing  to  take  in  Capella, 
the  only  liar  of  the  lirft  magnitude  that  came  fo  near  his 
zenith. 

His  inllriiment  being  fixed,  he  immediately  began  to 
obferve  fuch  liars  as  he  judged  moll  proper  to  give  him 
any  light  into  the  caufe  of  the  motion  already  men- 
tioned. There  was -a  fufficient  variety  of  fmall  ones, 
and  not  lefs  than  twelve  that  he  could  obferve  through 
all  feafons  of  the  year,  as  they  were  bright  enough  to 
be  feen  in  the  day-time,  when  neared  the  fun.  He 
had  not  been  long  oblerving,  before  he  perceived  that 
the  notion  they  had  before  ejntertained,  _that  the  dars 
were  fatthed  north  and  fouth  when  the  fun  was  near 
the  equinoxes,  was  only  true  of  thofe  dars  whicn  are 
near  the  foldicial  colure.  And  after  continuing  his 
obfervations  a few  months,  he  difeovered  what  he  then 
apprehended  to  be  a general  law  obferved  by  all  the 
dars,  namely,  that  each  of  them  became  dalioaaiy,  or 
was  farthed  north  or  fouth,  when  ic  pafTed  over  his 
zenith  at  fix  of  the  clock,  either  In  the  evening  or 
morning.  He  perceived  alfo  that  whatever  fituation 
the  dars  were  in,  with  refpedl  to  the  cardinal  points  of 
the  ecliptic,  the  apparent  motion  of  every  one  of  them 
tended  the  lame  way,  when  they  pafTed  his  inllrument 
about  the  fame  hour  of  the  day  or  night ; for  they  all 
moved  foiithward  when  they  pafTed  in  the  day,  and 
northward  when  in  the  night ; fo  that  each  of  them 
was  farthed  north,  when  it  came  in  the  evening  about 
fix  of  the  clock,  and  farthed  fouth  when  it  came  about 
fix  in  the  morning. 

Though  he  afterwards  difeovered  that  the  maxima, 
in  mod  of  thefe  dars,  do  not  happen  exadlly  when  they 
pafs  at  thofe  hours;  yet,  not  being  able  at  that  time  to 
prove  the  contrary,  and  fuppofing  that  they  did,  he  en- 
deavoured to  find  out  what  proportion  the  greated 
alterations  of  declination,  in  different  dars,  bore  to  each 
other  ; it  being  very  evident  that  they  did  not  all  change 
their  declination  equally.  It  has  been  before  noticed, 
that  It  appeared  from  Mr.  Molineux^s  obfervations,  that 
y Draronis  changed  its  declination  above  twice  as  much 
as  the  before-mentioned  fmall  dar  that  was  nearly  op- 
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pofite  to  it ; but  examining  the  matter  more  nicely,  he 
found  that  the  gvcatell  change  in  the  declination  of 
thefe  dars,  was  as  the  fine  of  the  latitude  of  each  dar 
refpe^lively.  This  led  him  to  fufpefl  that  there  might 
be  the  like  proportion  between  the  max'ima  of  other 
dars  ; but  finding  that  the  obfervations  of  fome  of  them 
would  not  perfeidiy  correfpond  with  fuch  an  hypothefis,. 
and  not  knowing  whether  the  fmall  difference  he  met 
with  might  not  be  owing  to  the  uncertainty  and  error 
of  the  obfervations,  he  deferred  the  farther  examination 
into  the  truth  of  this  hypothefis,  till  he  ffiouldbe  farther 
furnidied  with  a feiies  of  obfervations  made  in  all  parts 
of  the  year  ; which  would  enable  him  not  only  to  de- 
termine what  errors  the  oblei  vations  miglit  be  liable  to, 
or  how  far  they  might  lafely  be  depended  on  ; but  alfo 
to  judge,  whether  there  had  been  any  fenliLIe  change  in 
the  parts  of  the  inllrument  itfelf. 

\Vhen  the  year  w'as  completed,  he  began  to  examine 
and  compare  his  obfervations  ; and  having  pretty  well 
fatisfied  himfelt  as  to  the  general  laws  of  the  pheno- 
mena, he  then  endeavoured  to  find  out  the  caufe  of 
them.  He  was  already  convinced  that  the  apparent 
motion  of  the  dars  was  not  owang  to  a nutation  of  the 
earth’s  axis.  The  next  that  occurred  to  him,  was  an 
alteration  in  the  dire6lIon  of  the  plumb-line,  by  whicl; 
the  indrument  was  condantly  adjuded  ; but  this,  upon 
trial,  proved  infufficlent.  Then  he  confidered  what  re- 
fradlion  might  do  ; but  here  alfo  he  met  with  no  fatif- 
faflion.  At  lad,  through  an  amazing  fagacity,  he 
conjeclured  that  all  the  phenomena  hltlierto  mentioned, 
proceeded  from  the  progreffive  motion  of  light,  and  the 
earth’s  annual  motion  in  her  orbit:  for  he  peiceived, 
that  if  light  were  propagated  in  time,  the  apparent 
place  of  a fixed  objecl  would  not  be  the  fame  w'lien  the 
eye  Is  at  red,  as  wdien  it  is  moving  in  any  other  direc- 
tion but  that  of  the  line  palling  through  the  obje<5l  and 
the  eye ; and  that  when  the  eye  is  moving  in  different 
directions,  the  apparent  place  of  the  object  would  be 
different. 

He  confidered  this  matter  in  the  following  manner.. 
He  imagined  C A to  be  a ray  of 
light,  falling  perpendicularly  upon  the 
line  B D : then,  if  the  eye  be  at  red  at 
A,  the  objecl  mud  appear  In  the  di- 
rcdllon  A C,  whether  light  be  propa- 
gated in  time,  or  in  an  indant.  But 
if  the  eye  be  moving  from  B towards 
A,  and  light  be  propagated  in  time, 
with  a velocity  that  h to  the  velocity 
of  the  eye,  as  AC  to  A B ; then, 
light  moving  from  C to  A,  whild  the 
eye  moves  from  B to  A,  that. particle 
of  it  by  which  the  objeit  will  be  dif- 
cerned,  when  the  eye  in  its  motion 
comes  to  A,  is  at  C when  the  eye  Is 
at  B.  Joining  the  points  B,  C,  he 
fuppofed  the  line  B C to  be  a tube, 
inclined  to  the  line  BD  in  the  angle  D B C,  and  ' of 
fuch  a diameter  as  to  admit  of  but  one  particle  of  light  ; . 
then  it  was  eafy  to  conceive,  that  the  particle  of  light 
at  C,  by  which  the  objedl  mud  be  feen  when  the  eye 
arrives  at  A,  would  pafs  through  the  tube  B C,  fo  in- 
clined to  the  line  B D,  and  accompanying  tlie  eye  in 
its  motion  from  B to  A ; and  that  it  would  not  come  - 
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to  tKe  eye,  placed  behind  fuch  a tube,  if  it  had  any 
other  inclination  to  the  line  B D,  If,  inftead  of  fup- 
pofing  B C fo  fmall  a tube,  we  conceive  it  to  be  the 
axis  of  a larger  ; then,  for  the  fame  reafon,  the  particle 
of  light  at  C cannot  pafs  through  that  axis,  unlefs  it  be 
inclined  to  B D in  the  fame  angle  D B C. 

In  the  like  manner,  if  the  eye  move  the  contrary 
way,  from  D towards  A,  with  the  fame  velocity;  then 
the  tube  mull  be  inclined  in  the  angle  BD  C.  Although 
therefore  the  true  or  real  place  of  an  objedt,  be  perpen- 
dicular to  the  line  in  which  the  eye  is  moving,  yet  the 
vifible  place  will  not  be  fo  ; lince  that  mull  doiibtlefs 
be  in  the  direction  of  the  tube.  But  the  difference  be» 
tween  the  true  and  apparent  place,  will  be,  cateris  pa« 
rihus,  greater  or  lefs,  according  to  the  different  pro- 
portions between  the  velocity  of  light  and  that  of  the 
eye  : fo  that  if  w^e  could  fuppofe  light  to  be  propagated 
in  an  inflant,  then  there  would  be  no  difference  between 
the  real  and  vifible  place  of  an  objedi,  although  the  eye 
were  in  motion  ; for  in  that  cafe,  A C being  infinite 
with  refpedt  to  A B,  the  angle  A C B,  which  is  the 
difference  between  the  true  and  vifible  place,  vanifbes. 
But  if  light  be  propagated  in  time,  which  was  then 
allowed  by  moll  philofophers,  then  it  is  evident  from 
the  foregoing  confiderations,  that  there  will  always  be 
a difference  between  the  true  and  vifible  place  of  an  ob- 
jedl,  except  when  the  eye  is  moving  either  diredtly  to- 
wards, or  from  the  objedf.  And  in  all  cafes,  the  fine 
■of  the  difference  between  the  true  and  vifible  place  of 
the  objedf,  will  be  to  the  fine  of  the  vifible  inclination 
of  the  objedl  to  the  line  in  which  the  eye  is  moving,  m 
the  velocity  of  the  eye,  is  lo  the  velocity  of  light. 

If  light  moved  only  looo  times  fafler  than  the  eye, 
and  an  objedl,,  fuppofed  to  be  at  an  infinite  diiiance, 
were  really  placed  perpendicularly  over  the  plane  in 
which  the  eye  is  moving;  it  follows,  from  what  has 
been  faid,  that  the  apparent  place  of  fiicli  objedt  will 
always  be  inclined  to  that  plane,  in  an  angle  of  89® 
Co  that  it  will  conftantly  appear  3 A from  its  true 
place,  and  will  feem  io  much  lefs  inclined  to  the  plane, 
that  way  towards  which  the  eye  tends.  That  is,  if 
AC  be  to  AB  or  AD,  as  1000  to  i,  the  angle 
ABC  will  be  S9®  56^,  the  angle  A C B 3T;  and 

B C D or  A C B will  be  if  the  diredfion  of  the. mo- 

tion of  the  eye  be  contrary  at  one  time  to  what  it  k at 
another^ 

If  the  earth  revolve  about  the  fim  annually,  and  tlic 
velocity  of  light  were  to  the  velocity  of  the  earth's 
cion  m itf  orbit,  as  1000  is  to  f ; then  it  is  eafy  to 
conceive,  that  a ftar  really  placed  in  the  pole  of  the 
ecliptic,  would  to  an  eye  carried  along  witli  the  earth, 
feem  to  change  its  place  continually ; and,  negiedfing 
the  fmall.  difference  on  account  of  the  eaithk  diurnal 
revolution  on  iu  axis,  it  would  feem  to  detcribe  a circle 
shout  that  pole,  every  where  diHant  from  it  by 
Bo  that  it^  longitude  would  be  varied  through  all  thc 
points  of  the  ecliptic  every  year,  but  its  latitude  would 
always  remain  the  fame.  Its  right  afeenuon  would  alfo 
change,  and  m declination,  according  to  the  different 
Btmtiou  of  the  fun  in  refpeft  of  the  equirjoftial  points; 
and  its  apparent  diffance  from  the  north  pole  of  the 
#<piatQr,  would  be  f kk  at  the  (autumnal,  than  at  the 


The  greateft  alteration  of  the  place  of  a ftar,  in  the 
pole  of  the  ecliptic,  or,  which  in  effedl  amounts  to  the 
fame,  the  proportion  between  the  velocity  of  light  and 
the  earthly  motion  in  its  orbit,  being  known,  it  will 
not  be  difficult  to  find  v/hat  would  be  the  difference,  on 
this  account,  between  the  true  and  apparent  place  of 
any  other  flar  at  any  time ; and,  on  the  contrary,  the 
difference  between  the  true  and  apparent  place  being 
given,  the  proportion  between  the  velocity  of  light,  and 
the  earth’s  motion  in  her  orbit,  may  be  found. 

After  the  hiftory  of  this  curious  difeovery,  related 
by  the  author  nearly  in  the  terms  above,  he  gives  the 
rcfults  of  a multitude  of  accurate  obfervations,  made  on 
a great  number  of  ftars,  at  all  feafons  of  the  year. 
From  all  which  obfervations,  and  the  theory  as  related 
above,  he  found  that  every  flar,  in  confequence  of  the 
earthfs  motion  in  her  orbit  and  the  progreiTive  motion 
of  light,  appears  to  deferibe  a fmall  ellipfe  In  the 
heavens,  the  tranfverfe  axis  of  which  is  equal  to  the 
fame  quantity  for  every  ffar,  namely  nearly  ; and 
that  the  conjugate  axis  of  the  elHpfe,  for  different  ftars, 
varies  in  this  proportion,  namely,  as  the  right  fine  of 
the  liar’s  latitude  ; that  is,  radius  is  to  the  fine  of  the 
ftar’s  latitude,  as  tlie  tranfverfe  axis  to  the  conjugate 
axis  : and  confequentiy  a ftar  in  the  pole  of  the  ecliptic, 
its  latitude  being  there  90^,  whofe  fine  is  equal  to  the 
radius,  will  appear  to  deferibe  a fmall  circle  about  that 
pole  as  a centre,  wliofe  radius  is  equal  to  20''k  He 
alfo  gives  the  following  law  of  the  variation  of  the 
ftar’g  declination  i if  A denote  the  angle  of  pofition, 
or  the  angle  at  the  ftar  made  by  two  great  circles  drawn 
from  it  through  the  poles  of  the  ecliptic  and  equator, 
and  B another  angle,  whofe  tangent  is  to  the  tangent 
of  A,  as  radius  is  to  the  fine  of  the  ftar’s  latitude  5 
then  B will  be  equal  to  the  difference  of  longitude  be- 
tween the  fun  and  the  ftar,  when  the  true  and  ap- 
parent declination  of  the  ftar  are  the  fame.  And  if 
the  fun’s  longitude  in  the  ecliptic  be  reckoned  from  that 
point  in  which  it  is  when  this  happens;  then  the  dif- 
ference between  the  true  and  apparent  declination  of 
the  ftar,  will  be  always  as  the  fine  of  the  funks  longitude 
from  that  point.  It  will  alfo  be  found  that  the  greateft 
difference  of  declination  that  can  be  between  the  true 


and  apparent  place  of  the  ftar,  will  be  to  20",  the 
femitranfyerfe  axis  of  the  ellipfe,  as  the  fine  of  A to  the 
fine  of  B. 

The  author  then  fnews,  by  the  comparifon  of  a num- 
ber of  obfervations  made  on  different  ftara,  that  they  ex- 
adlly  agree  with  the  theory  deduced  from  the  pvogreffive 
motion  of  light,  and  that  confequentiy  it  is  highly  pro- 
bable that  fuch  motion  is  the  caufe  of  thofe  variations 
in  the  fftiiation  of  the  ftars.  From  which  he  infers, 
that  the  parallax  of  the  fixed  ftars  is  much  fmaller,  than 
hath  been  hitherto  fuppofed  by  thofe,  who  have  pre« 
tended  to  deduce  it  IVorn  their  obfervations.  He 
thinks  he  may  venture  to  fay,  that  in  the  ftars  he  had 
obferv’cd,  the  parallax  does  not  amount  to  z"]  nay, 
that  if  it  had  amounted  to  F’,  he  ihould  certainly  have 
perceived  it,  in  the  great  number  of  obfervations  that 
he  made,  efpeciallv  of  y Draconis ; which  agreeing 
with  the  hypothefig,  without  allowing  any  thing  for 
parallaK,  nearly  as  well  when  the  fun  was  in  conjumffion 
with,  as  in  oppofitlon  io,  this  ftar,  it  feems  very  pro* 
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bable  that  the  parallax  of  it  is  not  fo  much  as  one 
fmgle  fecond  ; and  confequently  that  it  is  above  400000 
times  farther  from  us  than  the  fun. 

From  the  greateft  variation  in  the  place  of  the  flars, 
namely  40",  Dr.  Bradley  deduces  the  ratio  of  the 
velocity  of  light  in  comparifon  with  that  of  the  earth 
in  her  orbit.  In  the  preceding  figure,  AC  is  to  A B, 
as  the  velocity  of  light  to  that  of  the  earth  in  her  or- 
bit, the  angle  A C B being  equal  to  20"',  fo  that  the 
ratio  of  thofe  velocities  is  that  of  radius  to  the  tangent 
of  20  or  of  radius  to  20" ^ fince  the  tangent  has  no 
fenfible  difference  from  fo  fmall  an  arc  : but  the  radius 
of  a circle  is  equal  to  the  arc  of  nearly,  or  equal 

to  206260^^;  therefore  the  velocity  ot  light  is  to  the 
velocity  of  the  earth,  as  206260  to  20,  or  as  103  13 
to  I. 

And  hence  alfo  the  time  in  which  light  paffes  over 
the  fpace  from  the  fun  to  the  earth,  is  eafily  deduced ; 
for  this  time  will  he  to  one  year,  as  A B or  20'^  to  360® 
or  the  whole  circle  ; that  is,  360°  \ 2o"  \ 365  • days  : 

8"^  7%  namely,  light  will  pafs  from  the  fun  to  the  earth 
in  the  time  of  8 minutes,  7 fcconds ; and  this  will  be 
the  fame,  whatever  the  dillancd  of  the  fun  is. 

Dr.  Bradley  having  annexed  to  his  theory  the  rules 
or  formulas  for  computing  the  aberration  of  the  fixed 
flars  in  declination  and  right  afcenlion  ; thele  rules  have 
been  varioufly  demonftrated,  and  reduced  to  otlier  prac- 
tical forms,  by  Mr.  Clairaut  in  the  Memoirs  of  the 
Academy  of  Sciences  for  1737  ; by  Mr.  Simpfon  In  his 
Effays  in  1740  ; by  M.  Fontaine  des  Crutes  In  1744  ; 
and  feveral  other  perfons.  The  refults  of  thefe  rules 
are  as  follow : Every  liar  appears  to  deferibe  in  the 
courfe  of  a year,  by  means  of  the  aberration,  a fmall 
ellipfe,  whofe  greater  axis  {540^',  and  the  lefs  axis,  per- 
pendicular to  the  ecliptic,  is  equal  to  40'^^  multiplied  by 
the  fine  of  the  flat’s  latitude,  the  radius  being  i. 
The  eaflern  extremity  of  the  longer  axis,  marks  the 
apparent  place  of  the  ftar,  the  day  of  the  oppofition  ; 
and  the  extremity  of  the  lefs  axe,  which  is  farthell 
from  the  ecliptic,  marks  its  fituatlon  three  months 
after. 

The  greateft  aberration  in  longitude,  is  equal  to  20'^ 
divided  by  the  cofine  of  its  latitude.  And  the  aber- 
ration for  any  time,  is  equal  to  20''  multiplied  by  the 
cofine  of  the  elongation  of  the  ftar  found  for  the  fame 
time,  and  divided  by  the  cofine  of  its  latitude.  This 
aberration  is  fubtradllve  in  the  firft  and  lall  quadrant  of 
the  argument,  or  of  the  difference  between  the  longi- 
tudes of  the  fun  and  ftar ; and  additive  in  the  fecond 
and  third  quadrants.  The  greateft  aberration  In  lati- 
tude, is  equal  to  20^^  multiplied  by  the  fine  of  the  ftar’s 
latitude.  And  the  aberration  in  latitude  for  any  time, 
is  equal  to  20^^  multiplied  by  the  fine  of  the  ftar’s  lati- 
tude, and  multiplied  alfo  by  the  fine  of  the  elongation. 
The  aberration  is  fubtradlive  before  the  oppofition,  and 
additive  after  it. 

The  greateft  aberration  in  declination,  is  equal  to  20" 
multiplied  by  the  fine  of  the  angle  of  pofition  A,  and 
divided  by  the  fine  of  B the  difference  of  longitude 
between  the  fun  and  ftar  wdien  the  aberration  in  decli- 
nation is  nothing.  And  the  aberration  in  declination 
at  any  otlicr  time,  will  be  equal  to  the  greateft  aberra- 
tion multiplied  by  the  fine  of  the  difference  between  the 
lun*s  place  at  the  given  time  and  his  place  when  the 


aberration  is  nothing.  A.lfo  the  fine  of  tlie  latitude  of 
the  ftar  is  to  radius,  as  the  tangent  of  A the  angle  of 
pofition  at  the  ftar,  is  to  the  tangent  of  B,  the  differ- 
ence of  longitude  between  the  fun  and  ftar  when  the 
aberration  in  declination  is  nothing.  The  greateft  aber- 
ration In  right-afcenfioii,  is  equal  to  20^'' multiplied  by 
the  cofine  of  A the  angle  of  pofition,  and  divided  by 
the  fine  of  C the  difference  in  longitude  between  the 
fun  and  flar  when  the  aberration  in  right  afcenlion  is 
nothing.  And  the  aberration  in  right-afeenfion  at  any 
other  time,  is  equal  to  the  greateft  aberration  multiplied 
by  the  fine  of  the  difference  between  the  fun’s  place 
at  the  given  time,  and  his  place  when  the  aberration  is 
nothing.  Alfo  the  fine  of  the  latitude  of  the  ftar  is 
to  radius,  as  the  cotangent  of  A the  angle  of  pofition, 
to  the  tangent  of  C. 

Aberration  of  the  Planets,  is  equal  to  the  geocen- 
tric motion  of  the  planet,  the  fpace  it  appears  to  move 
as  feen  from  the  earth,  during  the  time  that  light  em- 
ploys in  puffing  from  the  planet  to  the  earth.  Thus, 
in  the  fun,  the  aberration  In  longitude  is  conftantly  20^^, 
that  being  the  fpace  moved  by  the  fun,  or,  which  is  the 
fame  thing,  by  the  earth,  in  the  time  of  S'"  7%  which  Is 
the  time  in  which  Hglit  paffes  from  the  fun  to  the  earth, 
as  we  have  feen  in  the  foregoing  article.  In  like  man- 
ner, ^knowing  the  dlllance  of  any  planet  from  the  earth, 
by  proportion  It  will  be,  as  the  diftance  of  the  fun  is  id 
the  diftance  of  the  planet,  fo  is  S'"  7®  to  the  time  of 
light  paffing  from  the  planet  to  the  earth  : then  com- 
puting the  planet’s  geocentric  motion  in  this  time, 
that  will  be  the  aberration  of  the  planet,  whether  It  be 
in  longitude,  latitude,  right-afcenfion,  or  declination. 

It  is  evident  that  the  aberration  will  be  greateft  In 
the  longitude,  and  very  fmall  in  latitude,  becaufe  the 
planets  deviate  very  little  from  the  plane  of  the  ecliptic, 
or  path  of  the  earth  ; fo  that  the  aberration  In  the  lati- 
tudes of  the  planets,  is  commonly  negledted,  as  infenfi- 
ble  ; the  greateft  In  Mercury  being  only  4^^!,  and  much 
lefs  In  the  other  planets.  As  to  the  aberrations  in  de- 
clination and  right-afcenfion,  they  mull  depend  on  the 
fituation  of  the  planet  in  the  zodiac.  The  aberration 
in  longitude,  being  equal  to  the  geocentric  motion,  will 
be  more  or  lefs  according  as  that  motion  is ; it  wild 
therefore  be  leaft,  or  nothing  at  all,  when  the  planet  is 
ftationary  ; and  greateft  in  the  fuperior  planets  Mars, 
Jupiter,  Saturn,  &c,  when  they  are  in  oppofition  to  the 
fun  ; but  in  the  inferior  planets  Venus  and  Mercury,  the 
aberration  is  greateft  at  the  time  of  their  fuperior  con- 
jun6lIon.  Thefe  maxima  of  aberration  for  the  feveral 
planets,  when  their  diftance  from  the  fun  is  leaft,  are  a* 
below : viz,  for 

Saturn  . - - 

Jupiter  - - - 29  *8 

Mars  - - - 37  *8 

Venus  - - - 43  *2 

Mercury  - - 59  'O 

The  Moon  - - | 

And  betvi'een  thefe  numbers  and  nothing  tire  aberration® 
of  the  planets,  in  longitude,  vary  according  to  their 
fituations.  But  that  of  the  fun  varies  not,  being  con- 
ftantly 20^',  as  has  been  before  obferved.  And  this 
may  alter  his  declination  by  a quantity,  which  varies 

8''/  about  the 

The 


from  o to  near  8^' ; being  greateft  or 
equinoxes,  and  vaniftiing  In  the  foUlices 
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The  methods  of  computing  thefe,  and  the  formulas 
for  ai!  cafes,  are  given  by  M.  Clairaut  in  the  Memoirs 
of  the  Academy  of  Sciences  for  the  year  1746,  and 
by  M.  Euler  in  the  Berlin  Memoirs,  vol.  2,  for  1746. 

Optic  AberpvAtion',  the  deviation  or  difperfion  of 
the  ra3^s  of  light,  when  reflcdled  by  a fpeculum,  or  re- 
fracted by  a lens,  by  which  they  are  prevented  from 
meeting  or  uniting-  in  the  fame  point,  called  the  geo- 
metrical focus,  but  are  fpread  over  a fmall  fpace,  and 
produce  a confufion  of  images.  Aberration  is  either 
lateral  or  longitudinal : the  lateral  aberration  is  mea- 
iured  by  a perpendicular  to  the  axis  of  the  fpeculum 
or  lens,  drawn  from  the  focus  to  meet  the  refradfed  or 
reflected  ray  : the  longitudinal  aberration  is  the  dif- 
tance,  on  the  axis,  between  the  focus  and  the  point 
where  the  ray  meets  the  axis.  The  aberrations  are 
very  amply  treated  in  Smithes  Complete  Syftem  of 
Optics,  in  2 volumes  4to. 

There  are  two  fpecies  of  aberration,  diilinguinied 
according  to  their  different  caufes  : the  one  arifes  from 
the  figure  of  the  fpeculum  or  lens,  producing  a geome- 
trical diiperfion  of  the  rays,  when  thefe  are  perfedfly 
equal  in  all  refpedfs  ; the  otlier  arifes  from  the  unequal 
refrangibility  of  the  rays  of  light  themfelves  ; a dif- 
covery  that  was  made  by  Sir  Ifaac  Newton,  and  for  this 
reaion  it  is  often  called  the  Newtonian  aberration.  As 
to  the  former  fpecies  of  aberration,  or  that  arifing 
from  the  figure,  it  is  well  known  that  if  rays  iffue  from 
a point  at  a given  diflance  ; then  they  will  be  refledled 
into  the  other  focus  of  an  ellipfe  having  the  given  lu- 
minous point  for  one  focus,  or  diredfly  from  the  other 
focus  of  an  hyperbola  ; and  will  be  varioufiy  difperfed 
by  all  other  figures.  But  if  the  luminous  point  be 
infinitely  diftant,  or,  which  is  the  fame,  the  incident 
rays  be  parallel,  then  they  will  be  refledfed  by  a para- 
bola into  its  focus,  and  varioufiy  difperfed  by  all  other 
figures.  But  thofe  figures  are  very  difficult  to  make, 
and  therefore  curved  fpecula  are  commonly  made  fphe- 
rical,  the  figure  of  which  is  generated  by  the  revolu- 
tion of  a circular  arc,  which  produces  an  aberration 
of  all  rays,  whether  they  are  parallel  or  not,  and  therefore 
it  has  no  accurate  geometrical  focus  which  is  common 
to  all  the  rays.  Let  B V F reprefent  a concave  fphe- 
rical  fpeculum,  whofe  centre  is  C ; and  let  A B,  E F 
be  incident  rays  parallel  to  the  axis  C V.  Becaufe  the 
angle  of  incidence  is  equal  to  the  angle  of  refledlion  in 
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all  cafes,  therefore  if  the  radii  C B,  C F be"drawn  totthe 
points  of  incidence,  and  thence  B D making  the  angle 
C B D equal  to  the  angle  C B A,  and  F G making  the 
angle  CFG  equal  to  the  angle  C F E ; then  B D,  FG 
will  be  the  refiedled  rays,  and  D,  G^  the  points  where 


they  meet  the  axis.  Hence  it  appears  that  the  point 
of  coincidence  with  the  axis  is  equally  diftant  from  the 
point  of  incidence  and  the  centre  : for  becaufe  the  angle 
C B D is  equal  to  the  angle  C B A,  which  is  equal  to 
the  alternate  angle  BCD,  therefore  their  oppofite 
fides  C D,  D B are  equal : and  in  like  manner,  in  any 
other,  G F is  equal  to  G C.  And  hence  it  is  evident 
that  when  B is  indefinitely  near  the  vertex  Vj  then  D 
is  in  the  middle  of  the  radius  C V ; and  the  nearer  the 
incident  ray  is  to  the  axis  C V,  the  nearer  will  the  re- 
fleAed  ray  come  to  the  middle  point  D;  and  the  con- 
trary. So  that  the  aberration  D G of  any  ray  E F G, 
is  always  m.orc  and  more,  as  the  incident  ray  is  farther 
from  the  axis,  or  the  incident  point  F from  the  vertex 
V ; till  when  the  diftance  VI  is  60  degrees,  then  the 
refledled  ray  falls  in  the  vertex  V,  making  the  aberra- 
tion equal  to  the  whole  length  D V.  And  this  ftiews 
the  reafon  why  fpecula  are  made  of  a very  fmall  fegment 
of  a fphere,  namely,  that  all  their  reflected  rays  may 
arrive  very  near  the  middle  point  or  focus  D,  to  produce 
an  image  the  moft  diftindl,  by  the  leaft  aberration  of 
the  rays.  And  in  like  manner  for  rays  refradled  through 
lenfes. 

In  fpherical  lenfes,  Mr.  Huygens  has  demonftrated 
that  the  aberration  from  the  figure,  in  different  lenfes, 
is  as  follows. 

I'.  Ill  all  plano-convex  lenfes,  having  their  plane  fur- 
face  expofed  to  parallel  rays,  the  longitudinal  aberratiosi 
of  the  extreme  ray,  or  that  reraoteft  from  the  axis,  is 
equal  to  | of  the  thicknefs  of  the  lens. 

2.  In  all  plano-convex  lenfes,  having  their  convex 
furface  expofed  to  parallel  rays,  the  longitudinal  aber- 
ration of  the  extreme  ray,  is  equal  to  ^ of  the  thicknefs 
of  the  lens.  So  that  in  this  pofition  of  the  fame  plano- 
convex lens,  the  aberration  is  but  about  one-fourth 
of  that  In  the  former ; being  to  it  only  as  7 to  27. 

3.  In  all  double  convex  lenfes  of  equal  fpheres,  the 
aberration  of  the  extreme  ray,  Is  equal  to  | of  the 
thicknefs  of  the  lens. 

4.  In  a double  convex  lens,  the  radii  of  whofe  fpheres 
are  as  1 to  6,  If  the  more  convex  furface  be  expofed  to 
parallel  rays,  the  aberration  from  the  figure  is  lefs  than 
In  any  other  fpherical  lens  ; being  no  more  than  of 
its  thicknefs. 

But  the  foregoing  fpecies  of  aberration,  arifing  from 
the  figure,  Is  very  fmall,  and  eafily  remedied,  in  com- 
parifon  with  the  other,  arifing  from  the  unequal  re- 
fraiigibility  of  the  rays  of  light ; infomuch  that  Sir 
Ifaac  Newton  lliews  in  his  Optics,  pa.  84  of  the  8vo. 
edition,  that  if  the  objedt-glafs  of  a telefcope  be  plano- 
convex, the  plane  fide  being  turned  towards  the  objedi, 
and  the  diameter  of  the  fphere,  to  which  the  convex 
fid  e Is  ground,  be  too  feet,  the  diameter  of  the  aper- 
ture being  4 inches,  and  the  ratio  of  the  fine  of  inci- 
dence out  of  glafs  into  air,  be  to  that  of  refradlion,  as 
20  to  3 1 ; then  the  diameter  of  the  circle  of  aberrations 
will  in  this  cafe  be  only  y parts  of  an  inch  : 

while  the  diameter  of  the  little  circle,  through  which 
the  fame  rays  are  fcattered  by  unequal  refrangibillty, 
will  be  about  the  55th  part  of  the  aperture  of  the  ob- 
jeft-glafs,  which  here  is  4 inches.  And  therefore  the 
error  arifing  from  the  fpherical  figure  of  the  glafs,  is  to 
the  error  arifing  from  the  difierent  refrangibillty  of  the 
rays,  as  to  tt>  that  is  as  i to  5449. 
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So  that  it  may  Teem  ftrange  that  objecls  appear 
through  telefcopes  fo  diiliiKSl  as  they  do,  confidering 
that  the  error  arifingfrom  the  different  refrangibility,  is 
almoft  incomparably  larger  than  that  of  the  figure. 
Newton  however  lolves  the  difficulty  by  obferving  that 
the  rays,  under  their  various  aberrations,  are  not  fcat- 
tered  uniformly  over  all  the  circular  fpace,  but  collected 
infinitely  more  denfe  in  the  centre  than  in  any  other 
part  of  the  circle  ; and  that,  in  the  way  from  the  cen- 
tre to  the  circumference,  they  grow  more  and  more 
rare,  fo  as  at  the  circumference  to  become  infinitely 
rare ; and,  by  icafon  of  their  rarity,  they  are  not 
flrong  enough  to  be  vifible,  unlefs  in  the  centre,  and 
very  near  it. 

In  confequence  of  the  difcoveiy  of  the  unequal  re- 
frangibility of  light,  and  the  apprehenfion  that  equal 
refra6lions  muff  produce  equal  divergencies  in  every 
fort  of  medium,  it  was  fuppofed  that  all  fpherical  objedl- 
glaffes  of  telefcopes  would  be  equally  affected  by  the 
different  refrangibility  of  light,  in  proportion  to  their 
aperture,  of  whatever  materials  they  might  be  con- 
flruCted  : and  therefore  that  the  only  improvement  that 
could  be  made  in  refradting  telefcopes,  was  that  of  in- 
creafing  their  length.  So  that  Sir  Ifaac  Newton,  and 
other  perfons  after  him,  defpalring  of  fuccefs  in  the  ufe 
and  fabric  of  lenfes,  diredfed  their  chief  attention  to 
the  conflrudlion  of  refleftlng  telefcopes. 

However,  about  the  year  1747,  M.  Euler  applied 
himfelf  to  the  fubjedl  of  refradtion  ; and  purfued  a 
hint  fuggefled  by  Newton,  for  the  defign  of  making 
objedf-glaffes  with  two  lenfes  of  glafs  inclofing  water 
between  them  ; hoping  that,  by  conflruCflng  them  of 
different  materials,  the  refradllons  would  balance  one 
another,  and  fo  the  iifual  aberration  be  prevented.  Mr. 
John  Dollond,  an  Ingenious  optician  in  London,  mi- 
nutely examined  this  fcheme,  and  found  that  Mr. 
Euler’s  principles  were  not  fatlsfaClory.  M.  Clairaut 
likewife,  whofe  attention  had  been  excited  to  the  fame 
fubjedf,  concurred  in  opinion  that  Euler’s  fpeculations 
were  more  ingenious  than  ufeful.  This  controverfy, 
which  feemed  to  be  of  great  importance  in  the  fcience  of 
optics,  engaged  alfo  the  attention  of  M.  Klingenftlerna 
of  Sweden,  who  was  led  to  make  a careful  examination 
of  the  Sth  experiment  in  the  fecond  part  of  Newton’s 
Optics,  with  the  conclufions  there  drawn  from  it.  The 
confequence  was,  that  he  found  that  the  rays  of  light, 
in  the  circumilances  there  mentioned,  did  not  lofe  their 
colour,  as  Sir  Ifaac  had  imagined.  This  hint  of  the 
Svvedlfli  philofopher  led  Mr.  Eollond  to  re-examine  the 
lame  e^erlment : and  after  feveral  trials  it  appeared, 
that  different  fubftances  caufed  the  light  to  diverge  very 
differently,  in  proportion  to  their  general  relraftlve 
powers.  111  the  year  1757  therefore  he  procured 
wedges  of  different  kinds  of  glafs,  and  applied  them 
together  fo  that  the  refractions  might  be  made  in  con- 
trary direCfions,  that  he  might  difeover  whether  the 
refraCfion  and  divergency  of  colour  would  vanifh  toge- 
ther, The  refiilt  of  his  firff;  trials  encouraged  him  to 
perfevere  ; for  he  difeovered  a difference  far  beyond  his 
hopes  in  the  qualities  of  different  kinds  of  glafs,  with 
refpecl  to  their  divergency  of  colours.  The  Venice 
glafs  and  Englifh  crown  glafs  were  found  to  be  nearly 
allied  In  this  refpeCt : the  common  Emgliffi  plate  glafs 
made  the  rays  diverge  more  3 and  the  Engliih  flint 
VoL,  I, 


glafs  mofl  of  all.  But  without  enquiring  into  the 
caufe  of  this  difference,  he  proceeded  to  adapt  wedges 
of  crown  glafs,  and  of  white  flint  glafs,  ground  to  dif- 
ferent angles,  to  each  other,  fo  as  to  refraCl  In  different 
directions ; till  the  refraCted  light  was  entirely  free  from 
colours.  Having  meafured  the  refraCtions  of  each 
wedge,  he  found  that  the  refraClion  of  the  white  glats 
was  to  that  of  the  crown  glafs,  nearly  as  2 to  3 ; and 
he  hence  concluded  In  general,  that  any  two  wedges 
made  in  this  proportion,  and  applied  together  fo  as  to 
refraCt  In  contrary  directions,  would  refraCt  the  hVht 
without  any  aberration  of  the  rays, 

Mr.  Dollond’s  next  object  was  to  make  fimilar  trials 
'Nvn’th  fphcrieal  glafles  of  different  materials,  v;Ith  the 
view  of  applying  his  difeovery  to  the  improvement  of 
telefcopes  : and  here  he  perceived  that,  to  obtain  a re- 
fraCtion  of  light  in  contrary  directions,  the  one  glafs 
mild  be  concave,  and  the  other  convex  ; and  the 
latter,  which  was  to  refraCt  the  mod,  tliat  the  rays 
might  converge  to  a real  focus,  he  made  of  crown 
glafs,  the  other  of  white  flint  glafs.  And  as  the 
refractions  of  fpherical  glafles  are  inveiiely  as  their 
focal  dl dances,  it  was  neceffary  that  the  focal  didancts 
of  the  two  glafles  ffiould  be  inverfely  as  the  ratios  of 
the  refractions  of  the  wedges  ; becaufe  that,  being  thus 
proportioned,  every  ray  of  light  that  pafl'es  through 
this  compound  glafs,  at  any  dlflance  from  its  axis, 
will  condantlv  be  refraCted,  bv  the  difference  between 
two  contrary  refraCtlons,  In  the  proportion  required  ; 
and  therefore  the  different  refrangibility  of  the  light 
will  be  entirely  removed. 

But  In  the  applications  of  this  ingenious  difeovery 
to  practice,  Mr.  Dollond  met  with  many  and  great 
difficulties.  At  length,  however,  after  many  repeated 
trials,  by  a refolute  perfeverance,  he  fucceeded  fo  far  as 
to  condruCt  refraCting  telefcopes  much  fiiperior  to  any 
that  had  hitherto  been  made  ; reprefenting  objeCts  with 
great  diftinCtnefs,  and  in  their  true  colours. 

Mr.  Clairaut,  who  had  interefted  himfelf  from  the 
beginning  in  this  difeovery,  now  endeavoured  to  afcei'- 
tain  the  principles  of  Mr.  Dollond’s  theory,  and  to  lay 
down  rules  to  facilitate  the  condriiClIon  of  thefe  new 
telefcopes.  With  this  view  he  made  feveral  experiments, 
to  determine  the  refraCtive  power  of  different  kinds 
of  glafs,  and  the  proportions  In  which  they  feparated 
the  rays  of  light : and  from  thefe  experiments  he  de- 
duced feveral  theorems  of  general  ufe.  M.  D’Alem- 
bert made  likewife  a great  variety  of  calculations  to 
the  fame  purpofe  ; and  he  ffiewed  how  to  correCl:  the 
ertprs  to  which  thefe  telefcopes  are  fubjcCl:,  fometimes 
by  placing  the  objeCt-glaffes  at  a fmall  diilance  from 
each  other,  and  fometimes  by  iifing  eye-glaffes  of  dif- 
ferent rcfraCfive  powers.  But  though  foreigners  were 
hereby  fupplled  with  ti\e  moil:  accurate  calculations, 
they  were  very  defective  in  praCtice.  And  the  Englffli 
telefcopes,  mad«,  as  they  imagined,  without  anyprecife 
rule,  were  greatly  fuperior  to  the  bell  of  their  con- 
ffruClion. 

M.  Euler,  whofe  fpeculations  had  firfl:  given  occafion 
to  this  important  and  ufeinl  cncjulry,  was  very  reluClaiit 
in  admitting  Mr.  Dollond’s  improvements,  becaufe 
they  militated  againlt  a prc-conceived  theoiy  of  his 
own.  At  lall  however,  after  feveral  altercations,  being' 
convinced  of  theii  reality  and  importance  by  M.  Clair-’ 
C aut. 
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ant,  Ke  affcnted  ; and  he  foon  after  received  farther  fa- 
tisfaftion  from  the  experiments  of  M.  Zeiher,  of  Pe- 
terfbiirgh, 

M.  Zeiher  Ihewed  by  experiments  that  it  is  the  lead, 
in  the  compofition  of  glafs,  which  gives  it  this  remark- 
able property,  namely,  that  while  the  refraction  of  the 
mean  rays  is  nearl)*^  the  fame,  that  of  the  extreme  rays 
confiderably  differs.  And,  by  increafing  the  lead,  he 
produced  a kind  of  glafs,  which  occafioned  a much 
greater  reparation  of  the  extreme  rays  than  that  of  tlic 
hint  glafs  ufed  by  Mr,  Dollond,  and  at  the  fame  time 
confiderably  increafed  the  mean  refraction.  M.  Zeiher, 
in  the  courfe  of  his  experiments,  made  glafs  of  minium 
and  lead,  with  a mixture  alfo  of  alkaline  falts  ; and  he 
found  that  this  mixture  greatly  diminifhed  the  mean 
refraClion,  and  yet  made  hardly  any^  change  in  the  dif- 
perfion  ; and  he  at  length  obtained  a kind  of  glafs 
greatly  fuperior  to  the  hint  glafs  of  Mr.  Dollond  for 
the  conhrucfion  of  telefcopes  ; as  it  occafioned  three 
times  as  great  a difperfion  of  the  rays  as  the  common 
glafs,  whilll  the  mean  refraftion  was  only  as  i*6i  to  I. 

Other  improvements  were  alfo  made  on  the  new  or 
achromatic  telefcopes  by  the  inventor  Mr.  John  Dol- 
lond, and  by  his  fon  Peter  Dollond ; which  may  be 
feen  under  the  proper  words.  For  various  differtations 
on  the  fubjedf  of  the  aberration  of  light,  colours,  and 
the  figure  of  the  glafs,  fee  Philof.  Tranf,  vols.  35,  4B, 
50,  51,  52,  55,  60;  Memoirs  of  the  Academy  of 
Sciences  of  Paris,  for  the  years  1737?  1746,  1752, 
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the  Berlin  Ac.  1746,1762,  1766;  Swed.  Mem.  vol. 
16  ; Corn.  Nov.  Petripol.  1762  ; M.  Euler’s  Dioptiics  ; 
M.  d’Alembert’s  Opufcules  Math. ; M,  de  Rochon 
Opufcules ; &c,  &c. 

ABRIDGING,  in  Al^elra^  is  the  reducing  a com- 
pound equation,  or  quantity,  to  a more  fimple  form  of 
expreffion.  This  is  done  either  to  fave  room,  or  the 
trouble  of  writing  a number  of  fymbols  ; or  to  fimplify 
the  expreffion,  either  to  eafe  the  memory,  or  to  render 
the  formula  more  eafy  and  general. 

So  the  equation  — ax^  -j-  abx  — ahe  — o,  by  put- 
tm^p  z=z  a,  q ah^  and  r zzl  ahe^  becomes  x^’—p^x'^  + 
qx  — r = O. 

ah’ 

A nd  the  equation  x"^  -mo,  by  putting 

c 

1 cth 

p andy  ~ ■ — , becomes  -f  px  — 5^  m o. 

ABSCISS,  Abscisse,  or  Abscissa,  is  a part  or 
fegment  cut  off  a line,  terminated  at  fome  certain  point, 
by  an  ordinate  to  a curve  ; as  A P or  B P, 


The  abfeifs  may  either  commence  at  the  vertex  of 
the  curve,  or  at  any  other  fixed  point.  And  it  may  be 
taken  either  upon  the  axis  or  diameter  of  the  curve, 
01  upon  any  other  line  drawn  in  a given  pofition. 
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Hence  there  are  an  Infinite  number  of  variable  abfclfi- 
fes,  terminated  at  the  fame  fixed  point  at  one  end,  the 
other  end  of  them  being  at  any  point  of  the  given  line 
or  diameter. 

In  the  coiniTLon  parabola,  eacli  ordinate  P Q_^haabut 


one  abfeifs,  A P ; in  the  cllipfe  or  circle,  the  ordinate 
has  two  abfeiffes  A P,  B P lying  on  the  oppoiite  Tides 
of  it  ; and  in  the  hyperbola  the  ordinate  P Q^has  alfo 
two  abfeiffes,  but  they  lie  both  on  the  fame  fide  of  it* 
That  is,  in  general,  a line  of  the  fecond  kind,  or  a 
curve  of  the  firtt  kind,  may  have  two  abfeiffes  to  each 
ordinate.  But  aline  of  the  third  order  mav'’  have  three 
abfeiffes  to  each  ordinate ; a line  of  the  fourth  order 
may  have  four  ; and  fo  on. 

The  ufe  of  the  abfeiffes  is,  in  conjunftion  with  the 
ordinates,  to  exprefs  the  nature  of  the  curves,  either 
by  fome  proportion  or  equation  including  the  abfeifs 
and  Its  ordinate,  with  fome  other  fixed  invariable  line 
or  lines.  Every  different  curve  has  its  own  peculiar 
equation  or  property  by  which  It  is  expreffed,  and  dif- 
ferent from  all  others  : and  that  equation  or  expreffion 
is  the  fame  for  every  ordinate  and  its  abfeiffes,  whatever 
point  of  the  curve  be  taken.  So,  in  the  circle,  the 
fquare  of  any  ordinate  is  equal  to  the  redPangie  of  its 
two  abfeiffes,  or  A P • P B ==  "P  Qj  ; In  the  parabola, 
the  fquare  of  the  ordinate  is  equal  to  the  reffangle  of 
the  abfeifs  and  a certain  given  line  called  the  parame- 
ter ; in  the  ellipfe  and  hyperbola,  the  fquare  of  the  or- 
dinate is  always  in  a certain  conftant  proportion  to  the 
redfangle  of  the  two  abfeiffes,  namely,  as  the  fquare  of 
the  conjugate  to  the  fquare  of  the  Iranfverfe,  or  as  the 
parameter  is  to  the  tranfverfe  axis ; and  fo  other  proper- 
ties in  other  curves. 

When  the  natures  or  properties  of  curves  are  ex- 
preffed by  algebraic  equations,  any  general  abfeifs,  as 
AP,  is  commonly  denoted  by  the  letter  .v,  and  the  or- 
dinate P(^by  the  letter  y;  the  other  or  conftant  lines 
being  reprHented  by  other  letters.  Then  the  equa- 
tions expreffing  the  nature  of  thefe  curves  are  as  fol- 
low ; namely,  for  the 

circle  - - dx  — x"^  — y®,  where  d is  the  diameter  A B; 
parabola  - px  -rz  , where  p is  the  parameter  ; 

ellipfe  - ',c^  \ itx  — x'^  :y*,  f where/ is  the  tranfverfe, 

hyperbola/"  \ c^\\tx-\-  x'^  \ Sc  c tlie  coniugrate  axis. 

A.BSIS,  ABSIDES.  See  Apsis,  Apsides. 

ABSOLUTE 
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ABSOI^UTE  Equation,  hi  Jljlrcncmy^  is  the 
fum  of  the  optic  and  excentric  equations.  The  ap- 
parent inequality  of  a planet’s  motion,  arifing  from  its 
not  being  equally  diilant  from  the  earth  at  all  times, 
is  called  its  optic  equation  ; and  this  would  fubfdl  even 
if  the  planet’s  real  motion  were  uniform.  The  excen- 
tric inequality  is  caufed  by  the  planet’s  motion  being 
not  uniform.  To  illiillrate  this,  conceive  the  fiin  to 
move,  or  to  appear  to  move,  in  the  circumference  of  a 
circle,  in  whole  centre  the  earth  is  placed.  It  Is  ma- 
nlfed,  that  if  the  fun  move  uniformly  in  this  circle, 
then  he  mult  appear  to  move  uniformly  to  a fpedlator 
at  the  earth  ; and  in  this  cafe  there  will  be  no  optic  nor 
excentric  ccuation.  But  fuppofc  the  earth  to  be  placed 
out  of  the  centre  of  the  circle;  and  then,  though  the 
fun’s  motion  Ihculd  be  really  uniform,  it  would  not  ap- 
pear to  be  fo,  being  feen  from  the  earth  ; and  in  this 
ca(e  there  would  be  an  optic  equation,  without  an  ex- 
centric  one.  Imagine  farther,  the  fun’s  orbit  to  be, 
cot  circular,  but  elliptical,  and  the  earth  in  its  focus: 
it  will  be  full  as  evident  that  the  fun  cannot  appear  to 
have  an  uniform  motion  in  fuch  cllipfe  ; fo  tliat  his 
motion  will  then  be  fubjeff  to  two  equations  ; that  is, 
the  optic  equation,  and  the  excentric  equation.  iiee 
Tc^uation,  and  Optic  Inequality. 

Absoi,ute  Number^  in  Algebra,  Is  that  term  or 
member  of  an  equation  that  is  completely  known,  and 
which  is  equal  Uj  all  the  other,  or  unknown  terms, 
taken  together  ; and  is  the  fajiic  as  what  \’ieta  calls 
the  homogeneum  comparathms . So,  of  the  equation 
A*  -f*  16^  — 36  ~ o,  or  -4-  i6x  = 36,  the  abfo- 
lute  number,  or  known  term,  is  36. 

Absolute  Gvci’vtty^  Motion ^ Spacer  TimCy  See 

the  refpeftive  fuldlaniives. 

ABSTRACT  Mathematics,  otherwife  called 
pure  mathematics,  is  that  which  treats  of  the  proper- 
ties of  magnitude,  figure,  or  quantity,  abloluteiy  and 
generally  confidered,  without  reflri6tion  to  any  fpecics 
in  particular:  fuch  as  Arithmetic  and  Geometry,  In 
tills  fenfc,  abllradf  or  pure  mathematics,  is  oppofed 
to  mixed  mathematics,  in  which  fimple  and  abltra6l 
properties,  and  the  relations  of  quantities,  primitively 
confidered  in  pure  mathematics,  are  applied  to  fcnfiblc* 
objeifts  ; as  in  aftronomy,  hydiodatics,  optics,  &c. 

Abstract  Numbevy  is  a number,  or  colleililion  of 
units,  confidered  In  itlelf,  without  being  applied  to 
denote  a collediflon  of  any  particular  and  determinate 
things.  So,  for  example,  3 is  an  abdracf  number,  fo 
far  as  it  is  not  applied  to  fometliing  : bat  when  we  fay 
3 feet,  or  3 perfons,  the  3 is  uo  longer  an  abllraiSi,  but 
aconciete  number. 

ABSURD,  or  Absurdum,  a term  commonly  tifed 
In  demonflrating  converfe  propofitions  ; a mode  of  dc- 
tnonflvatlon,  in  which  the  propofition  intended  is  not 
proved  in  a diredl  manner,  by  principles  before  laid 
down ; but  it  proves  that  the  contrary  is  abfiiid  or  im- 
poflible  ; and  lo  indiredfly  as  it  were  proves  the  propo- 
fition itfclf.  The  4th  propofition  in  the  full  book  of 
Euclid,  is  the  firlt  in  which  he  makes  ufe  of  this  mode 
©f  proof;  where  he  (liews  that  if  the  extremities  of 
two  lines  coincide,  thofe  lines  will  coincide  in  all  their 
parts,  otherwife  they  w'ould  inclofc  a fpaee,  whi’ch  is 
abfurd  or  contrary  to  the  ictb  axiom.  Moil  converfe 


propofitions  arc  proved  in  this  way,  which  mode  of 
proof  \%  redutlio  ad  ahjurdum, 

ABUNDANT  Number,  in  jirlthmetir^  is  a num- 
ber whofe  aliquot  parts,  added  all  together,  make  a 
fum  which  is  (rreater  than  the  number  itlelf.  Thus  i 2 
is  an  abundant;  number,  becaufc  its  aliquot  parts^, 
namely  1,2,  3,  4,  6,  when  added  together,  make  i6, 
wdiich  is  greater  than  the  number  12  itfelf. 

An  abundant  number  is  oppofed  to  a dencieni  one, 
which,  is  lefs  than  the  fum  of  its  aliquot  parts  taken  to- 
gether, as  the  number  14,  whofe  aliquot  parts  i,  2,  7, 
make  no  more  than  10  ; and  to  a perfeht  number,  which 
is  exaclly  equal  to  the  fum  of  all  itvS  aliquot  parts,  as 
the  number  6,  which  is  equal  to  the  fum  of  1,2,  3, 
which  are  its  aliquot  parts. 

ACADEMICIAN,  a member  of  a fociety  called 
an  academy,  iidlituted  for  the  promotion  of  arts,  fei- 
enccs,  or  natuial  knowledge  in  general. 

ACADEMICS,  an  ancient  fedt  of  pliilofophers, 
who  followed  the  dodlrine  of  Sociates  and  Plato,  as  to 
the  uncertainty  of  knowledge,  and  the  incomprclienfi- 
billty  of  truth.  ' ' 

Academicy  in  this  fenfe,  amounts  to  much  the  fame 
with  Platonlfl.  ; the  difference  between  them  being  only 
in  point  of  time.  Thofe  who  embraced -the  fyfteni  of 
Plato,  among  the  ancients,  were  called  academia^  aca- 
demician or  academic  ; whereas  thofe  who  did  the  fame 
fince  the  relloration  of  learning,  have  affumed  the  de- 
nomination of  Platonills. 

AVe  ufually  reckon  three  fe6fs  of  academics  ; though 
fome  make  five.  The  ancient  academy  was  that  of 
which  Plato  was  the  chief. 

ArCfffilas,  one  of  Plato’s  fucceffors,  introducing 
fome  alterations  into  the  philofophy  of  this  febl,  found- 
ed what  they  call  the  fecond  academy. 

The  cllabliffimcnt  of  the  third,  called  alfo  the  n^wr 
academy,  is  attributed  to  Dacydes,  or  rather  to  Car* 
iteades. 

Some  authors  add  a fourth,  founded  by  Philo  ; and 
a fifth,  by  Antiochus,  called  the  Antiochan,  which 
tempered  the  ancient  academy  with  Stoicllm, 

Tlie  ancient  academy  doubted  of  every  thing  ; and 
carried  this  principle  fo  far  as  to  make  it  a doubt,  w'he- 
ther  or  no  they  ought  to  doubt.  It  was  a kind  of  a 
principle  with  them,  never  to  be  certain  or  fatisfied  of 
any  thing  ; never  to  affirm  or  to  deny  ajiy  thing,  either 
for  true  or  falfe. 

The  new  academy  was  fomewhnt  more  rcafonable  •; 
they  acknowledged  feveral  things  for  truths,  but  with- 
out attaching  themfelves  to  any  with  entire  alhirance. 
Thefe  phllofophers  liad  found  that  the  ordinary  com- 
merce of  life  and  fociety  was  inconfiftent  with  the  ab- 
folute  and  univerfal  doubtfulnefs  of  the  ancient  acade- 
my : and  yet  it  is  evident  that  they  looked  upon  things 
rather  as  probable,  than  as  true  and  certain  : by  this 
amendment  thinking  to  fecure  themfelves  from  thofe 
abfurditles  into  which  the  ancient  academy  had  fal- 
len. 

ACADEMIST,  the  fame  as  Academician. 

ACADEMY,  Academia,  in  Antiquity y a fine  villa, 
or  pleafure  houfe,  in  one  of  the  fubuibs  of  Athens, 
about  a mile  from  the  city  ; where  Plato,  and  the  wife 
men  who  followed  him,  held  uffemblies  for  difpntea 
C 2 and 
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and  phllofophical  conference  ; which  gave  the  name  to 
the  fe^^  of  Academics. 

The  houfe  took  its  name,  Academy,  from  one  Acade- 
mus,  or  Ecademus,  a citizen  of  Athens,  to  whom  it 
originally  belonged  : he  lived  in  the  time  of  Thefeus  ; 
and  here  he  ufed  to  have  gymnaftic  iports  or  exerciies. 

The  academy  was  farther  improved  by  Cirnon,  and 
adorned  with  fountains,  trees,  lhady  walks,  &.c,  for  the 
convenience  of  the  philofophers  and  men  of  learning, 
who  here  met  to  confer  and  difpute  for  their  mutual 
improvement.  It  was  furrounded  with  a wail  by  Hip- 
parchus, the  fon  of  Fififtratus  ; and  it  vvas  alfo  ufed  as 
the  burying-place  for  illuftrious  peifons,  who  had  de- 
ferved  well  of  the  republic. 

It  was  here  that  Plato  taught  his  philofophy  ; and 
hence  it  was  that  all  public  places,  deftined  for  the  af- 
femblies  of  the  learned  and  ingenious,  have  been  fince 
called  Academies* 

Sylla  facriliced  the  delicious  walks  and  groves  of  the 
academy,  which  had  been  planted  by  Gimon,  to  the 
ravages  of  war  ; and  employed  thofe  very  trees  in  con- 
ftrudling  machines  to  batter  the  walls  of  the  city  which 
they  had  adorned. 

Cicero  too  had  a villa,  or  country  retirement,  near 
Puzzuoli,  which  he  called  by  the  fame  name,  Acade~ 
mia*  Here  he  ufed  to  entertain  his  philofophical 
friends ; and  here  it  was  that  he  compofed  his  Acade- 
mical Qmeftions,  and  his  books  De  Naturd  Deorum* 

Academy,  among  the  moderns,  denotes  a regular 
fociety  or  company  of  learned  perfons,  inllituted  under 
the  protedlion  of  fome  prince,  or  other  public  autho- 
rity, for  the  cultivation  and  improvement  of  arts  or 
faiences* 

Some  authors  confound  Academy  with  Univerlity ; 
but  though  much  the  fame  in  Latin,  they  are  very  dif- 
ferent things  in  Englifh,  An  univerlity  is  properly  a 
body  compofed  of  graduates  in  the  feveral  faculties  ; 
of  profelTors,  who  teach  in  the  public  fchools  j of  re- 
gents or  tutors,  and  Undents  who  learn  under  them, 
and  afpire  Hkevvife  to  degrees.  Whereas  an  academy 
is  not  intended  to  teach,  or  profefs  any  art  or  fcience, 
hut  to  Improve  it  : it  is  not  for  novices  to  be  inftru6led 
in,  but  for  thofe  that  are  more  knowing  j for  perfons 
of  learning  to  confer  in,  and  communicate  their  lights 
and  difeoveries  to  each  other,  for  their  mutual  benefit 
and  improvement. 

The  firft  modern  academy  we  read  of,  was  eftabllfhed 
by  Charlemagne,  by  the  advice  of  Alcuin,  an  Englilh 
monk : it  was  compofed  of  the  chief  geniufes  of  the 
court,  the  emperor  himfelf  being  a member.  In  their 
academical  conferences,  every  perfon  was  to  give  fome 
account  of  the  ancient  authors  he  had  read  ; and  each 
one  affumed  the  name  of  fome  ancient  author,  that 
pleafed  him  moft,  or  fome  celebrated  perfon  of  anti- 
quity. Alcuin,  from  whofe  letters  we  learn  thefe  par- 
ticulars, took  that  of  Flaccus,  the  furname  of  Horace ; 
a young  lord,  named  Augilbei  t,  took  that  of  Homer ; 
Adelard,  bllhop  of  Corbie,  was  called  Augultin  ; Re- 
clufe,  bilhop  of  Mentz,  was  Dametas  ; and  the  king 
himfelf,  David 

Since  the  revival  of  learning  in  Europe,  academies 
have  multiplied  greatly,  moll  nations  being  furnilhed 
with  feveral,  and  from  their  communications  the  chief 


improvements  have  been  made  in  the  arts  and  fciences, 
and  in  cultivating  natural  knowledge.  There  are  now 
academies  for  alraoll  every  art,  or  fpecies  of  know- 
ledge ; bu4  I lhall  give  a Ihort  account  only  of  thofe 
inftitutlons  of  this  kind,  which  regard  the  cultivation  of 
fiibje61:B  mathematical  or  philofophical,  which  are  the 
proper  and  peculiar  objedts  of  our  undertaking. 

Italy  abounds  more  in  academies  than  all  the  woiid 
befides ; there  being  enumerated  by  Jarckius  not  lefs 
than  live  hundred  and  fifty  in  all;  and  even  to  the 
amount  of  tw'enty-five  In  Milan  itfelf.  Thefe  are  how- 
ever mollly  of  a private  and  inferior  nature  ; the  con- 
fequence  of  their  too  great  number. 

The  firll  academy  of  a philofophical  kind  w^as  ella- 
blifhed  at  Naples,  in  the  houfe  of  Bapt ilia  Porta,  about 
the  year  1560,  under  the  name  of  Academy  Secretorutri 
Natures  ; being  formed  for  the  improvement  of  natural 
and  mathematical  knowledge.  - This  was  fucceeded  by 
the  ; 

Academy  of  Lyncel,  founded  at  Rome  by  prince 
Frederick  Cefi,  towards  the  end  of  the  fame  century. 
It  was  rendered  famous  by  the  notable  difeoveries  made 
by  feveral  of  its  members  ; among  whom  was  the  cele- 
brated Galileo  Galilei. 

Several  other  academies  contributed  alfo  to  the  ad- 
vancement of  the  fciences;  but  it  was  by  fpeculations 
rather  than  by  repeated  experiments  on  the  phenomena 
of  nature : fuch  were  the  academy  of  BelTarian  at  Rome, 
and  that  of  Laurence  de  Medicis  at  Florence,  in  the 
15th  century  ; and  in  the  i6tli  were  that  of  Infiammati 
at  Padua,  of  Vegna  Juoli  at  Rome,  of  Ortolani  at 
Placentia,  and  of  UmidI  at  Florence.  The  firll  of  thefe 
lludied  fire  and  pyrotechnia,  the  fecond  wine  and  vine- 
yards, the  third  pot-herbs  and  gardens,  the  fourth 
water  and  hydraulics.  To  thefe  may  be  added  that  of 
Venice,  called  La  Veneta,  and  founded  by  Frederick 
Badoara,  a noble  Venetian ; another  in  the  fame  city, 
of  which  Campegio,  bilhop  of  Feltro,  appears  to  have 
been  the  chief ; alfo  that  of  Cofenza,  or  La  Confentina, 
of  which  Bernadin  Telelio,  Sertorio  Quatromanni, 
Paulus  Aquinas,  Julio  Cavalcanti,  and  Fabio  Cicali, 
celebrated  philofophers,  were  the  chief  members.  The 
compolitlons  of  all  thele  academies,  of  the  i6th  cen- 
tury, were  good  in  their  kind  ; but  none  of  them  com- 
parable to  thofe  of  the  Lyncei. 

Academy  del  Cimento,  that  is,  of  Experiments,  arofe 
at  Florence,  fome  years  after  the  death  of  Torricelli, 
namely  in  the  year  1657,  under  the  prote£lion  of  prince 
Leopold  of  Tufeany,  afterwards  cardinal  de  Medicis, 
and  brother  to  the  Grand  Duke  Ferdinand  the  Second. 
Galileo,  Toricelli,  Agglunti,  and  Viviani  had  prepared 
the  way  for  it : and  fome  of  its  chief  members  were 
Paul  del  Buono,  who  in  1657  invented  the  inllrument 
for  trying  the  incompreflibility  of  water,  namely  a thick 
globular  Ihell  of  gold,  having  Its  cavity  filled  with 
water ; then  the  globe  being  comprelfed  by  a llrong 
ferew,  the  water  came  through  the  pores  of  the  gold 
rather  than  yield  to  the  comprellion  : alfo,  Alphonfus 
Borelli,  well  known  for  his  ingenious  treatife  De  Motu 
Animalium,  and  other  works ; Candide  del  Buono, 
brother  of  Paul ; Alexander  Marfili,  Vincent  Vivi- 
ani, Francis  Rhedi,  and  the  Count  Laurence 
Magalotti,  fecretary  of  this  academy,  who  pub- 
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Illhed  a volume  of  their  curious  experiments  in  1667, 
under  the  title  of  Saggi  di  Naturcdi  Efperienze ; a 
copy  of  which  being  prefented  to  the  Royal  Society, 
it  was  tranflated  into  Englifh  by  Mr.  Waller,  and  pub- 
lilhed  at  London,  in  4to,  1684:  A curious  colleOflon 
of  tradds,  containing  ingenious  experiments  on  the 
prefTure  of  the  air,  on  the  comprefling  of  water,  on 
cold,  heat,  ice,  magnets,  eledlrlcity,  odours,  the  mo- 
tion of  found,  projedfiles,  light,  &c,  See.  But  we 
have  heard  little  or  nothing  more  of  the  academy  fince 
that  time.  It  may  not  be  improper  to  obferve  here, 
that  the  Grand  Duke  Ferdinand,  above  mentioned, 
was  no  mean  pbilofopher  and  chemlfl,  and  that  he 
invented  thermometers,  of  which  the  conflrudlion  and 
ufe  may  be  feen  in  the  colledlion  of  the  academy  del 
Cimento. 

Academy  deg/^  Inquleti  at  Bologna,  incorporated 
afterwards  into  that  della  tracc'ia  in  the  fame  city,  fol- 
lowed the  example  of  that  del  Cimento.  The  members 
met  at  the  houfe  of  the  abbot  Antonio  Sampierl  ; 
and  here  Geminiano  Montanari,  one  of  the  chief  mem- 
bers, made  excellent  difeourfes  on  mathematical  and 
philofophical  fubjedls,  fome  parts  of  which  were  pub- 
lifhed  in  1667,  under  the  title  of  Penfierl  Fifico-Ma- 
thematici.  This  academy  afterwards  met  in  an  apart- 
ment of  Euftachio  Manfredi  ; and  then  in  that  of  Jacob 
Sandri ; but  it  arrived  at  its  chief  luftre  while  its  alfein- 
blies  were  held  in  the  palace  Marfilli. 

Academy  of  Rojfanoy  in  the  kingdom  of  Naples, 
called  La  Societa  Scientifica  Rojfatiefe  degV  Incunojiy 
was  founded  about  the  year  i 540,  under  the  name  of 
Naviganii ; and  was  renewed  under  that  of  Spenficrati 
by  CamiUo  Tufeano,  about  the  year  i6co.  It  was 
then  an  academy  of  belles-lettres,  but  was  afterwards 
transformed  into  an  academy  of  fciences,  on  the  feli- 
citation of  the  learned  abbot  Don  Giacinto  Gimma  ; 
who,  being  made  prefidcnt  under  the  title  of  promoter- 
general,  in  1695,  gave  it  a new  fet  of  regulations.  He 
divided  the  academills  into  feveral  clafles,  namely,  gram- 
marians, rhetoricians,  poets,  hiftorians,  philofophers, 
phyficians,  mathematicians,  lawyers,  and  divines  ; with 
a feparate  clafs  for  cardinals  and  perfons  of  quality.  To 
be  admitted  a member,  it  was  neceflary  that  the  can- 
didate have  degrees  in  fome  faculty.  Members,  in  the 
beginning  of  their  books,  are  not  allowed  to  take  the 
title  of  academijl  without  a written  permiflion  from  the 
prefident,  which  Is  not  granted  till  the  work  has  been 
examined  by  the  cenfors  of  the  academy.  This  per- 
miflion  Is  the  higheft  honour  the  academy  can  confer  ; 
fince  they  hereby,  as  it  were,  adopt  the  work,  and  en- 
gage to  anfvver  for  It  againfl  any  critlcifms  that  may 
be  made  upon  it.  The  prefident  himfelf  is  not  exempt 
Jrom  this  law : and  It  is  not  permitted  that  any  acade- 
mifl  publifli  any  thing  againfl  the  writings  of  another, 
without  leave  obtained  from  the  fociety. 

There  have  been  feveral  other  academies  of  fciences 
in  Italy,  but  which  have  not  fubfifled  long,  for  want 
of  being  fupported  by  the  princes.  Such  were  at 
Naples  that  of  the  InCeJligantiy  founded  about  the  year 
1679,  by  the  marquis  d’Arena,  Don  Andrea  Concu- 
bletto  ; and  that  which,  about  the  year  1698,  met  in 
the  palace  of  Don  Lewis  della  Cerda,  the  duke  de 
Medina,  and  viceroy  of  Naples:  at  Rome,  that  of 
Fifico-Matemaiici,  which  in  1 686  met  in  the  houfe  of 
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Signior  Ciampini  : at  Verona,  that  of  AletoJUif  found- 
ed the  lame  year  by  Signior  Jofeph  Gazola,  and  which 
met  in  the  houfe  of  the  count  SerenghI  della  Cuccu': 
at  Brefcia,  that  of  Fllefotlciy  founded  the  fame  year 
for  the  cultivation  of  philofophy  and  mathematics,  and 
terminated  the  year  following  : tliat  of  F.  Franclfco 
Lana,  a jefuit  of  great  fleill  in  thefe  fciences  : and  laflly 
that  of  Flfico-CriticI  at  Sienna,  founded  In  1691,  by 
Signior  Peter  Maria  Gabrielll. 

Some  other  academies,  flill  fubfilling  in  Italy,  repair 
with  advantage  the  lois  of  the  former.  One  of  the 
principal  is  the  academy  of  Filarmonici  at  Verona,  fup- 
porttd  by  the  marquis  Scipio  Maffel,  one  of  the  mofl 
learned  men  In  Italy  ; the  members  of  which  acade- 
my, though  they  cultivate  the  belles  lettres,  do  not 
neglefl  the  fciences.  The  academy  of  Rico-vrati  at 
Padua  flill  lubfifls  with  reputation  ; In  which,  from 
time  to  time,  learned  difeourfes  are  held  on  philofophi- 
cal fubjects.  The  like  may  be  laid  of  the  academy  of  the 
Muti  di  Reggioy  at  iModena.  At  Bologna  Is  an  academy 
of  fciences,  in  a flourifhing  condition,  known  by  the 
name  of  The  Injlitute  of  Bologna  ; which  was  founded 
in  1712  by  count  Marfigll,  for  cultivating  phyfics, 
mathematics,  medicine,  chemlllry,  and  natural  hlflory. 
The  hlflory  of  It  Is  written  by  M.  de  Limiers,  from 
memoirs  furnifhed  by  the  founder  himfelf.  Among  the 
new  academies,  the  firfl  place,  after  the  Inflitute  of 
Bologna,  is  given  to  that  of  the  Countefs  Donna 
Clello  Grillo  Boromeo,  one  of  the  mofl  learned  ladles 
of  the  age,  to  whom  Signior  Gimma  dedicates  his 
literary  hiftory  of  Italy.  She  had  lately  eflablilhed  an 
academy  of  experimental  philolophy  in  her  palace  at 
Milan  ; of  which  Signior  Vallifnicrl  was  nominated 
prefident,  and  had  already  drawn  up  the  regulations  for 
it,  though  we  do  not  find  It  has  yet  taken  place.  In  the 
number  of  thefe  academies  may  alfo  be  ranked  the  af- 
fembly  of  the  learned,  who  of  late  years  met  at  Venice 
in  the  houfe  of  Signior  Criflino  Martinelli,  a noble 
Venetian,  and  a great  patron  of  learning. 

Academia  Cofmograficay  or  that  of  the  Argonauts,, 
was  Inflituted  at  Venice,  at  the  Inflance  of  F.  Coro- 
nelli,  for  the  improvement  of  geography' ; the  defign 
being  to  procure  cxa6I  maps,  geographical,  topogra- 
phical, hydrographical,  and  ichnographical,  of  the 
celeftial  as  well  as  terreflrial  globe,  and  their  feveral 
regions  or  parts,  together  with  geographical,  hiflorical, 
and  aflronomical  defcriptions  accommodated  to  them  ; 
to  promote  which  purpofes,  the  feveral  members  oblige 
themfelves,  by  their  lubfcriptlon,  to  take  one  copy  or 
more  of  each  piece  publllhed  under  the  diredllon  of 
the  academy  ; and  to  advance  the  money,  or  part  of 
It,  to  defray'  the  charge  of  publication.  To  this  end 
there  are  three  focietles  fettled,  namely  at  Venicc,. 
Paris,  and  Rome  ; the  firfl  under  F.  Moro,  provincial 
of  the  Minorites  of  Hungary  ; the  fecond  under  the 
abbot  Laurence  au  Rue  Payenneau  Marais  ; the  thlid 
under  F.  Ant.  Baldlgianl,  jefuit,  profeflbrof  mathema- 
tics In  the  Roman  college ; to  whom  thofe  addrefs 
themfelves  who  arc  willing  to  engage  in  this  defign.  The 
Argonauts  number  near  200  members  in  the  different 
countries  of  Europe;  and  their  device  is  the  terraqueoua- 
globe,  with  the  motto  Plus  idtra.  All  the  globes,  maps, 
and  geographical  writings  of  F.  Coronelll  have  been 
publifhed  at  the  expcnce  of  this  academy. 
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The  Acadsmv  of  y^patyls,  or  Irapartia!  Academy, 
defei"ves  to  be  mentioned  on  account  of  the  extent  of  its 
plan,  including  tmiverfally  all  arts  and  fclenccs.  It 
holds  from  time  to  time  public  meetings  at  riorcnce, 
where  any  perfon,  whether  aeademift  or  not,  may  read 
his  works,  in  whatever  form,  language,  or  fubjedt;  the 
academy  receiving  all  with  the  greaieft  impartiality. 

In  !France  there  are  many  academies  for  the  im- 
provement of  arts  and  Icier.ces.  F.  Merfcnne,  it  is 
faid,  gave  the  lirft  idea  of  a philofophicai  academy  in 
France,  about  the  beginning  of  the  feventeenth  century, 
by  the  conferences  of  mathematicians  and  naruralifts, 
held  occalionally  at  his  lodgings  ; at  which  Des  Cartes, 
Gaffend  us,  Hobbes,  Koberval,  Pafeal,  Blonde!,  and 
others,  affifted.  F.  Merlenne  propofed  to  each  of  them 
certain  problems  to  examitie,  or  certain  experiments  to 
be  made*  Thefe  private  alTemblies  were  fucceeded  by 
more  public  ones,  formed  by  M.  Monmort,  and  M.TIie- 
venot,  the  celebrated  traveller.  The  French  example 
animated  feveral  Englifirmen  of  rank  and  learning  to 
eredl  a kind  of  philofophicai  academy  at  Oxford,  to- 
wards the  dole  of  Cromwell’s  admin illration  ; which 
after  the  relloration  was  eredled,  by  public  authority, 
into  a Royal  Society  : an  account  of  which  fee  un- 
der the  word.  Tlie  Fnglifli  example,  in  its  turn, 
animated  the  French.  In  1666  Louis  XIV,  alTilled  by 
the  counfels  of  M.  Colbert,  founded  an  academy  of 
Iciences  at  Paris,  called  the 
^ Academie  Roy  ale  des  Sciences  y or  Royal  Academy  of 
Sciencesj  for  the  improvement  of  philofophy,  mathe- 
matics, chemiftry,  medicine,  belles-lettres,  &c.  Among 
the  principal  members,  at  the  commencement  in  1666, 
were  the  refpecbable  names  of  Carcavi,  Huygens,  Ro- 
berval,  Frenicle,  Auzout,  Picard,  Buot,  Du  Hamel 
the  Secretary,  and  Mariotte.  There  was  a perfedl 
equality  among  all  the  members,  and  many  of  them  re- 
ceived falaries  from  the  king,  as  at  prefent.  By  the 
rules  of  the  academy,  every  clafs  was  to  meet  twice  a 
week ; the  philofophers  and  geometricians  were  to 
meet,  feparately,  every  Wednefclay,  and  then  both  to- 
gether on  the  Saturday,  in  a room  of  the  king’s  library, 
where  the  philofophicai  and  mathematical  books  were 
kept  ; the  hi  (lory  clafs  was  to  meet  on  the  Monday 
and  Thurfday  in  the  room  of  the  hiftorical  books  : and 
' the  clafs  of  belles-lettres  on  the  Tuefday  and  Friday: 
and  on  the  firll  Thurfday  of  every  month  all  the  claiTea 
met  together,  and  by  their  fecretaries  made  a mutual 
report  of  what  had  been  tranfaCled  by  each  clafs  during 
the  preceding  month. 

In  1699,  on  the  application  of  the  prefident,  the 
abbe  Bignon,  the  academy  received,  under  royal  autho- 
rity and  protcHion,  a nev/  form  and  conilitution  ; by 
the  articles  of  which,  the  academy  was  to  confdt  pf  four 
forts  of  members,  namely  honorary,  penfiouaiy,  afib- 
ciates,  and  eleves.  The  honorary  clafs  to  conhit  of  ten 
perfons,  and  the  other  three  claTes  of  twenty  perfons 
icacL  The  prefident  to  be  chofen  annually  out  of  the 
honorary  clafs,  and  the  fecretary  and  treafurer  to  be 
perpetual,  and  of  the  penfionary  clafs.  The  meetings 
to  be  twice  a week,  on  the  Wednefday  and  Saturday  j 
befides  two  public  meetings  in  the  year. 

Of  the  penfionarles,  or  thofe  who  receive  falaries, 
three  to  be  geometricians,  three  aftronomeis,  three  me- 
ch;irulb,  three  anatorniils,  three  botaniils,  arid  tlmee 


chemifts,  the  other  two  being  the  fecretaiy  and  trea- 
furer. Of  the  twenty  affociates,  of  which  twelve  to  be 
French,  and  eight  might  be  foreigners,  two  were  to 
cultivate  geometry,  two  aftronomy,  two  mechanics, 
two  anatomy',  two  botany,  and  two  chemiftry.  Of  the 
twenty  eleves,  one  to  be  attached  to  each  penfionary, 
and  to  cultivate  his  peculiar  branch  of  fcience.  The 
penfionaries  and  their  eleves  to  refide  at  Paris.  No  re- 
gulars nor  I'cliglous  to  be  admitted,  except  into  the 
honorary  clafs:  nor  any  perfon  to  be  admitted  a pen- 
fioner  who  was  not  known  by  fome  confideiable  work, 
or  fome  remarkable  difeovery. 

In  1716  the  Duke  of  Orleans,  then  regent  of  France, 
by  the  king’s  authority  made  fome  alteration  - in  thek 
confiitution.  The  clafs  of  eleves  was  fupprciTed  ; and 
in  (lead  of  them  were  inftituted  twelve  adjundls,  two  to 
each  of  the  lix  clalTes  of  penfioners.  The  honorary 
members  were  increafed  to  twelve  ; and  a clafs  of  fix 
free  affoclates  was  made,  who  were  not*  under  the  obli- 
gation of  cultivating  any  particular  branch  of  fcience, 
and  in  this  clafs  only  could  the  regulars  or  religious  be 
admitted.  A prefident  and  vice*prefident  to  be  ap- 
pointed annually  from  the  honoraiy  clals,  and  a di- 
reflor  and  fub-director  afinually  from  that  of  tire  pen- 
fioners.  And  no  perfon  to  be  allowed  to  make  ufe  of 
his  quality  of  academician,  in  the  title  of  any  of  his 
books  that  he  publifhed,  unlefs  fuch  book  were  firil  ap- 
proved by  the  academy. 

The  academy  has  for  a device  or  niottp,  Invenit 
perjicit.  And  the  meetings,  which  w'cre  formerly  held 
in  the  king’s  library,  have  lince  the  year  1699  been 
held  in  a line  hall  of  the  old  Louvre. 

Finally,  in  the  year  17B5  the  king  confirmed,  by 
letters  patent,  dated  April  23,  the  ellabliflunent  of  the 
academy  of  fciences,  making  the  following  alterations, 
and  adding  clafies  of  agriculture,  natural  hiftory,  mine- 
ralogy, and  phyfics ; incorporating  the  affociates  and 
adjunffs,  and  limiting  to  fix  the  mcnibers  of  each  clafs, 
namely  three  penfioners  and  three  affbeiates ; by  which 
the  former  receive  an  increafe  of  falary,  and  tlie  latter 
approach  nearer  to  becoming  penfioners. 

By  the  articles  of  this  inArument  it  is  ordained,  that 
the  academy  fhall  confiii  of  eight  clafTes,  namely,  that 
of  geometry,  2d  aftronomy,  3d  mechanics,  4th  ge- 
neral phyfics,  5th  anatomy,-  6th  chemiftry  and  metal- 
lurgy,  7th  botany  and  agriculture,  and  8th  natural  hif- 
tory and  mineralogy.  That  each  clafs  ftiall  remain 
irrevocably  fixed  at  fix  members ; namely,  three  pen- 
fioners  and  three  affoclates,  independent  however  of  a 
perpetual  fecretary  and  treafurer,  of  twelve  free-aftb- 
ciates  and  of  eight  affociate-ftrangers  or  foreigners,  the 
fame  as  before,  except  that  the  adjunff-geographer  for 
the  future  be  called  the  aiTociate-geographer, 

The  claffes  at  firft  to  be  filled  by  the  following 
perfons,  namely,  that  of  geometry  by  MefBeiirs  de 
Borda,  Jeaurat,  Vandermonde,  as  penfioners  j and 
Mefiieurs  Coufin,  Meulnter,  and  Charles,  as  alTo- 
dates ; that  of  aftronomy  by  Meftieurs  le  Monnier, 
dc  la  Lande,  and  le 'Gentil,  as  penfioners;  and  rvlef- 
fieurs  Meffier,  de  Caftini,  and  Dagelat,  as  alTociates ; 
that  of  mechanics  by  MelTieurs  I’abbe  Boffut,  I’abbe 
Rochou,  and  de  la  Place,  as  penfioners;  and  Mefiieurs 
Coulomb,  le  Gendre,  and  Perrier,  as  affociates : that 
of  general  phyfics  by  Meifieurs  Leroy,  Briftbn,  and 
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Badly,  as  penfioners ; and  Meffieurs  Mong'e,  Mechain, 
and  Ciuatreincre,  as  afTociates  ; that  of  anatomy  by 
Mefileurs  Daubliiton,  Tenon,  and  Portal,  as  pen- 
fioners  ; and  MefTieurs  Sabatier,  Vicq-d’azir,  and 
BroufTonet,  as  aiTociates  : that  of  chcmhlry  and  metal- 
lurgy by  IMellieurs  Cadet,  Ijuvoifier,  and  Beaume,  as 
penlioners ; and  MefTieurs  Cornctte,  Bertholet,  and 
Fourcroy,  as  afTociates : that  of  botany  and  agri- 
culture by  MefTieurs  Guettard,  Fougeroi’X,  and  A- 
danfon,  as  penfioners;  and  MelTeurs  de  fuflieu,  de  la 
. March,  and  Desfontaines,  as  afTociates  : and  that  of 
, natural  hiftory  and  mineralogy  by  MefTieurs  Defmaretz, 
Save,  and  I’abbe  de  Gua,  as  penfioners  ; and  MefTieurs 
Darcct,  Pabbe  Haui,  and  Pabbe  Teflier,  as  afTociates^ 
All  names  refpedfable  In  the  common-wealth  of  letters  ; 
and  from  whom  tlie  world  might  expedl  fllll  farther 
improvements  in  the  fevcral  branches  of  fcience.- 

The  late  M.  Rouille  de  Meflav,  counfcllor  of  the 

4 ' 

parliament  of  Pans,  founded  two  prizes,  the  one  of 
2500  livres,  the  other  of  2000  livres,  which  the  aca- 
demy diflributed  alternately  every  year  : the  fubjedfs  of 
the  former  prize  refpecfing  phylical  alfronomy,  and  of 
the  latter,  navigation  and  commerce. 

The  world  is  highly  indebted  to  this  academy  for  the 
many  valuable  works  they  have  executed,  or  publiihed, 
both  individually  and  as  a body  collectively,  efpecially 
by  their  memoirs,  making  upwards  of  a hundred 
volumes  in  4to,  with  the  machines.  Indexes,  &c.  in 
which  may  be  found  moil  excellent  compolitions  in 
every  branch  of  fcience.  'l^iey  publifh  a volume  of 
thefe  m.emoirs  every  year,  with  the  hiftory  of  the  aca- 
demy, and  eloges  of  remarkable  men  lately  deceafed  ; 
alfo  a general  index  to  the  volumes  every  ten  years. 
An  alteration  was  introduced  into  the  volume  for  J7S3, 
which  it  fe  ems  is  to  be  continued  in  future,  by  omit- 
ting, in  the  hiftory,  the  minutes  or  extracts  from  the 
regifters,  containing  fomc  preliminary  account  of  the 
fubjeCfs  of  the  mernoires  ; but  flill  Inuvever  retaining 
the  eloges  of  diffinguifhed  men,  lately  deceafed. 

M.  Pabbe  Rozier  alfo  has  publifiicd  in  four  4to 
volumes,  an  excellent  index  of  the  contents  of  all  the 
vcilnmes,  and  the  writings  of  all  the  members,  from  the 
beginning  of  their  publications  to  the  year  1770  ; with 
convenient  blank  fpaces  for  continuing  the  articles  in 
writing. 

Their  hlllory  alfo,  to  tlie  year  1697,  was  written  by 
M.  Du  Hamel ; and  after  that  time  continued  from 
year  to  year  by  M.  Pontenelle,  under  the  following  titles, 
Hu  Plamel  Hlftoriie  Regice  Academice  Sciential  urn, 
I’aris,  4to.  Hiftoire  de  I’Academie  Royale  des  Sci- 
ences, avec  les  Mernoires  de  Mathematique  & de  Phy- 
fique,  tircr  des  Regiftres  de  P Academic,'  Paris,  4 to. 
Hiftoire  de  PAcademie  Royale  des  Sciences  depuis  fon 
ctabliftement  en  1666,  jufqu’en  1699,  13  tomes,  4to, 

A new  hiftory,  from  the  inftitution  of  the  academy,  to 
the  period  from  whence  M.  de  Fontenelie  comrriences, 
has  been  formed  ; with  a feiies  of  the  works  publiihed 
under  the  name  of  thi§  academy,  during  the  iirft; 
interval. 

Since  the  foregoing  account  was  written,  it  is  faid  the 
Academy  has  been  lupprelfed  and  abolilhcd,  by  the  pre- 
fent  convention  of  France, 

Befides  the  academies  in  the  capital,  there  are  a 
great  many  in  other  parts  of  France.  The 
Academie  Royaki  at  Caen,  was  cftablifticd  by  letters 


patent  in  the  year  1705  ; but  it  had  Its  rife  fifty  years 
earlier  in  private  conferences,  held  full  in  the  houfe  of 
M.  de  Brieux.  M.  de  Segrais  retiring  to  this  city,  to 
fpend  the  reft  of  his  days,  reftored  and  gave  new  luftre 
to  their  meetings.  In  1707  M.  Foucault,  intendant  of 
the  generality  of  Caen,  procured  the  king’s  letters 
patent  for  evedfing  them  into  a perpetual  academy,  of 
which  M.  Foucault  was  to  be  protedfor  foi  the  time, 
and  the  choice  afterwards  left  to  the  members,  the 
number  of  whom  was  fixed  to  thirty,  choien  for  this 
time  by  Mv  Foucault.  But  befides  the  thirty  original 
members^  leave'was  given  to  adJ  fix  lupernumerary'  mem- 
bers, from  tlie  ecclefiailical  communities  in  that  city. 

At  Toulaufe  is  the  Academie  des  jeux  jl'jraux,  com- 
pofed  of  forty  perfons,  the  oldeft  of  the  kingdom. ; be- 
lides  an  academy  of  fciences  and  belles-lettreb,  founded 
in  1750. 

At  Montpelier  Is  the  royal  fociety  of  fciences,  which 
fince  1708  makes  but  one  body  with  the  royal  academy 
of  fciences  at  Paris. 

There  are  alfo  other  academies  at  Boiirdeaux-  found- 
ed in  1703,  at  SoifTons  In  1674,  at  Marfeilles  in  1726, 
at  Lyons  in  1700,  at  Pan  in  Bearn  in  1721,  at  Mont- 
aubnn  in  1744,  at  Angers  in  16S5,  at  Amiens  in  1770, 
at  Villcfranche  in  1679,  at  Dijon  in  174c,  at  Nimes  in 
1682,  at  Befanqon  in  1772,  at  Chalons  In  1777,  at 
Rochelle  in  1734,  at  Beziers  in  1723,  at  Rouen  in 
1744,  Metz  in  1760,  at  Arras  in  1773,  &c. 
The  number  of  thefe  academies  is  continually  aug- 
menting ; and  even  in  fiich  towns  as  have  no  academies, 
the  literati  form  themfelves  into  literary  focieties,  hav- 
ing nearly  the  tame  objedfs  and  purfiiits* 

In  Germany  and  other  parts  of  Europe,  iKerc  are 
various  academies- of  fciences,  dec.  The 

Academ  IE  Royale  des  Sciences  des  Belles  ^Retires  of 
Pruffla,  was  founded  at  Berlin,  In  the  year  1 7C0,  by 
Frederic  I.  king  of  Pruffia,  of  which  the  famous 
M.  Ltibnitz  was  the  firft  prelident,  and  its  great  pro- 
moter. d'he  academy  received  a new  form,  and  a new 
fet  of  ftatutes  in  1710  ; by  which  it  was  ordained,  that 
the  prefident  ihallbeone  of  the  counfdlors  of  Itate  ; and 
that  the  members  be  divided  into  tour  clalfcs  ; the  firft' 
to  cultivate  phyfics,  medicine,  and  chemiftry  the 
fecond,  mathemarics," aflronomy,  and  mechanics;  the 
thlixl,  the  German  language,  and  tlie  hiftory  of  the 
countiy  ; and  the  fourth,  oriental  Uaruing,  particularly 
as  it  may  concern  the  propagation  of  the  gofptl  among 
Infidels.  That  each  dais  deft  a dlrcftor  for>  them- 
fdves,  who  Ihall  hold  his  poll  for  life.  That  they  meet 
in  the  caftle  called  the  New  Marftial,  the  clafles  to  meet 
in  tlieii  turns,  one  each  week..  And  that  the  members 
of  any  of  the  daffes  have  free  accefs  into  the  aftemblies 
of  the  reft.  Several  volumes  of  their  tranfaftions  have 
been  publiftied  in  Latin,  from  time  to  time,  under  the 
title  of  Mifcdlanea  Berollnenfia. 

In  I 743  the  fate  famous  Frederic  II.  king  of  Pruilia, 
made  great  alterations  and  improvements  in  the  aca^ 
demy.  Inftead  of  a great  lord  or  rninifter  of  ftate, 
who  had  ufupdly  prefided  over  the  academy,  he  wifely 
juflged  that  ofiice  would  be  better  filled  by  a man  of 
letters ; and  he  honoured  the  French  academy  of 
fciences  by''  fixing  upon  one  of  its  members  for  a pre- 
fident, namely  .M.  Maupertiiis,  a dlftingai!hed  charafter 
in  the  literary  world,  and  whofe  conduft  in  improving 
the  academy  w'as  a proof  of  the  found  judgment  of  the 
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king,  who  at  the  fame  time  made  new  regulations  for 
the  academy,  and  took  the  title  of  its  Protestor, 
From  that  time  the  tranfadlions  of  the  academy  have 
been  publilhed,  under  the  title  of  Hiiloire  dc  1’ Academic 
Royale  dea  Sciences  et  Belles  JLettres  a Berlin,  much 
in  the  manner  of  thofe  of  the  French  academy  of  fci- 
€nces,  and  in  the  French  language  ; and  the  volumes 
are  now  commonly  publiflied  annually.  Befides  the  or- 
dinary private  meetings  of  the  academy,  it  has  two 
public  ones  in  the  year,  in  January  and  May,  at  the 
latter  of  which  is  given  a prize  gold  medal,  of  the  value 
of  50  ducats,  or  about  20  guineas.  The  fubjedl  of  the 
prize' is  fucceffively  phyfics,  mathematics,  metaphyfics, 
and  general  literature.  For  the  academy  has  this  pe* 
culiar  circumftance,  that  it  embraces  alfo  metaphyfics, 
logic,  and  morality  ; having  one  clafs  particularly  ap- 
propriated to  thefe  objedls,  called  the  clafs  of  Specu- 
lative Philofophy. 

Imperial  Academy  of  Pcterjhurglu  This  academy 
■was  projected  by  the  Czar  Peter  I,  commonly  called 
Peter  the  Great,  who  in  fo  many  other  inftances  alfo 
was  inftrumental  in  raifing  Rufiia  from  the  ftate  of  bar- 
barity in  which  it  had  been  immerged  for  fo  many  ages. 
Having  vifited  France  in  1717,  and  among  other  things 
informed  himfelf  of  the  advantages  of  an  academy  of 
arts  and  fciences,  he  refolved  to  eftablifh  one  in  his  new 
capital,  whither  he  had  drawn  by  noble  encouragements 
fevcral  learned  ftrangers,  and  made  other  preparations, 
when  his  death  prevented  him  from  fully  accompliflung 
thatobjeft,  in  the  beginning  of  the  year  1725.  Thofe 
preparations  and  intentions  however  were  carried  into 
execution  the  fame  year,  by  the  eftabliflimcnt  of  the 
academy,  by  his  confort  the  czarina  Catherine,  who 
fucceeded  him.  And  foon  after  the  academy  compofed 
the  firft  volume  of  their  works,  publilhed  in  1728, 
under  the  title  of  Commentarii  Acadeiniae  Scientiarum 
Imperialis  Petropolitanae  ; which  they  continued  almoft 
annually  till  1746,  the  whole  amounting  to  14  volumes, 
which  were  publiflied  in  Latin,  and  the  fubjeAs  divided 
and  clafled  under  the  following  heads,  namely  mathe- 
matics, phyfics,  hiftory,  and  aftronomy.  Their  device 
a tree  bearing  fruit  not  ripe,  with  the  modeft  motto 
paullathn, 

Moft  part  of  the  flrangers  who  compofed  this  aca- 
demy being  dead,  or  having  retired,  it  was  rather  in  a 
languifliing  ftate  at  the  beginning  of  the  reign  of  the 
emprefs  Elizabeth,  when  the  count  Rafomowlki  was 
happily  appointed  prefident,  who  was  inftrumental  in 
recovering  its  vigour  and  labours.  This  emprefs  re- 
newed and  altered  its  conftitution,  by  letters  patent 
dated  July  24,  1747,  giving  it  a new  form  and  regu- 
lations. It  confifts  of  two  chief  parts,  an  academy,  and 
a univerfity,  having  regular  profeffors  in  the  feveral  fa- 
culties, who  read  ledtures  as  in  our  colleges.  The  or- 
dinary aflemblies  are  held  twice  a week,  and  public  or 
folemn  ones  thrice  in  the  year;  in  which  an  account  is 
given  of  what  has  been  done  in  the  private  ones.  The 
academy  has  a noble  building  for  their  meetings,  &c, 
with  a good  apparatus  of  inftruments,  a fine  library, 
obfervatory,  &c.  Their  firil  volume,  after  this  reno- 
vation, was  publiflied  for  the  years  1747  and  1748,  and 
they  have  been  fince  continued  froni  year  to  year,  now 
to  the  amount  of  near  thirty  volumes,  under  the  title  of 
Novi  Commentarii  Acadcmice  Scientiarum  Imperialis 


Petropolitanse.  They  are  printed  in  the  Latin  lan- 
guage, and  contain  many  excellent  ccmpofitlons  in  all 
the  fciences,  efpecially  the  mathematical  papers  of  the 
late  excellent  M,  L.  Euler,  which  always  made  a con- 
fiderable  portion  of  every  volume.  The  fubjedfs  arc 
clafled  under  heads  in  the  following  order,  mathematics, 
jiliyfico-mathematics,  phyfics,  which  include  botany, 
anatomy,  &c,  and  aftronomy ; the  whole  prefaced  by 
hiftorical  extradls,  or  minutes,  relating  to  each  paper 
or  memoir,  after  the  manner  of  the  volumes  of  the 
French  academy  ; but  wanting  however  the  eloges  of 
deceafed  eminent  men.  Their  device  is  a heap  of  ripe 
fruits  piled  on  a table,  with  the  motto  En  addit  frulius 
{State  recentes. 

Imperial  and  Royal  Academy  of  Sciences  and  Belles 
Lettresy  at  Bruffels,  This  academy  was  founded  in  the 
year  1773  ; and  feveral  volumes  of  their  memoirs  have 
been  publiflied. 

Royal  Academy  of  Sciences,  at  Stgckholm,  was  in- 
ftituted  in  1739,  and  fince  that  time  it  has  publiflied 
about  fixty  volumes  of  tranfadlions,  quarterly,  in  8vo, 
in  the  Svvedlfli  language. 

For  an  account  of  the  Royal  Society  of  London, 
and  feveral  other  fimilar  inftitutions,  fee  the  words 
Journal,  Society,  &c. 

American  Academy  of  Arts  and  Sciences,  was  cf- 
tabliflied  in  1780  by  the  council  and  houfe  of 'repre- 
fentatives  in  the  province  of  Maffachufet’s  Bay,  for 
promoting  the  knowledge  of  the  antiquities  of  Ame- 
rica, and  of  the  natural  hiftory  of  the  country  ; for  de- 
termining the  ufes  to  which  its  various  natural  produc- 
tions may  be  applied ; for  encouraging  medicinal 
difeoveries,  mathematical  difqulfitions,  philofophical 
enquiries  and  experiments,  aftronomlcal,  meteorolo- 
gical, and  geographical  obfervations,  and  improve- 
ments In  agriculture,  manufactures,  and  commerce ; 
and,  in  fliort,  for  cultivating  every  art  and  fcience, 
which  may  tend  to  advance  the  intereft,  honour,  dig- 
nity, and  liappinefs,  of  a free,  independent,  and  vir- 
tuous people.  The  members  of  this  academy  are  never 
to  be  lefs  than  forty,  nor  more  than  two  hundred. 

Academy  is  alfo  ufed  among  us  for  a kind  of  col- 
legiate fchool,  or  femlnary  ; where  youth  are  inftruCled 
in  the  liberal  arts  and  fciences  in  a private  way : now 
indeed  it  is  ufed  for  all  kinds  of  fchools. 

Frederic  1,  king  of  Pruflia,  eftabliflied  an  academy 
at  Berlin  in  1703,  for  educating  the  young  nobility  of 
the  court,  fuitable  to  their  extraClion.  The  expence 
of  the  ftudents  was  very  moderate,  the  king  having 
undertaken  to  pay  the  extraordinaries,  dhis  illuf- 
trious  fchool,  which  was  then  called  the  academy  of 
princes,  has  now  loft  much  of  its  firft  fplendour. 

The  Romans  had  a kind  of  military  academies  ef- 
tablllhed  in  all  the  cities  of  Italy,  under  the  name  of 
Canpi  Martis,  Here  the  youth  were  admitted  to  be 
trained  for  war  at  the  public  expence.  And  the 
Greeks,  befides  academies  of  this  kind,  had  military 
profeflors,  T a 8lci,  who  taught  all  tlie  higher 

offices  of  war,  &c. 

We  have  two  royal  academics  of  this  kind  in  Eng- 
land, the  expences  of  which  arc  defrayed  by  the  go- 
vernment ; the  one  at  Woolwich,  for  the  artillery  and 
military  engineers ; and  the  other  at  Portfmouth,  for 
the  navy.  The  former  was  eftabliflied  by  his  late 
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majefty  king  George  II,  by  warrants  dated  April  the'30tli 
and  November  the  iBth,  1741,  for  inllruhting  perfons 
belonging  to  the  military  part  of  the  ordnance,  in  the 
feveral  branches  of  mathematics,  fortification,  &c, 
proper  to  qualify  them  for  the  fervice  of  artillery 
and  the  office  of  engineers.  This  inftitiition  is  under 
the  direction  of  the  mafter-general  and  board  of 
Ordnance  for  the  time  being : and  at  firfi  the  lectures 
of  the  mailers  in  the  academy  were  attended  by  the 
praftitioner-engineers,  with  the  officers,  ferjeants,  cor- 
porals, and  private  men  of  the  artillery,  befides  the 
cadets.  At  prefent  however  none  are  educated  there 
but  the  gentlemen  cadets,  to  the  number  of  90  or  100, 
where  they  receive  an  education  perhaps  not  to  be  ob- 
tained or  purcliafed  for  money  in  any  part  of  the 
world.  The  mailer-general  of  the  ordnance  is  always 
captain  of  the  cadets’  company,  and  governor  of  the 
academy ; under  him  are  a lieutenant-governor,  and  an 
infpe6lor  of  ftudies.  The  mailers  have  been  gradually 
increafed,  from  two  or  three  at  firil,  now  to  the  number 
of  twelve,  namely,  a profeifor  of  mathematics,  and  two 
other  mathematical  mailers,  a profeifor  of  fortification, 
and  an  affiilant,  two  drawing  mailers,  two  French 
mailers,  with  mailers  for  fencing,  dancing,  and  che- 
miilry.  This  inilitution  is  of  the  greateil  confequence 
to  the  ilate,  and  it  is  hardly  credible  that  fo  important 
an  objedl  ihould  be  accompliihed  at  fo  trifling  an  ex- 
pence. It  is  to  be  lamented  how^ever  that  the  academy 
is  fixed  in ' fo  unhealthy  a fituation  ; that  the  le6lure 
rooms  and  cadets’  barracks  are  fo  fmall  as  to  be  infuf- 
ficient  for  the  purpofes  of  the  inilitution  ; and  that  the 
falaries  of  the  profeifors  and  mailers  ihould  be  lo  in- 
adequate to  their  labours,  and  the  benefit  of  their 
fervices. 

The  Royal  Naval  Academy  at  Portfmoiith  was 
founded  by  George  I,  in  1722,  for  inilrudling  young 
gentlemen  in  the  fciences  ufeful  for  navigation,  to 
breed  officers  for  tlie  royal  navy.  The  eilablilhment 
is  under  the  dire<S:ion  of  the  board  of  admiralty,  who 
give  falaries  to  two  mailers,  by  one  of  whom  the  ilu- 
dents  are  boarded  and  lodged,  the  expence  of  which 
ivS  defrayed  by  their  owm  friends,  nothing  being  iup- 
plied  by  the  government  but  their  education. 

ACANTHUS,  in  ArchiteBurei  the  leaves  of  a plant 
which  forms  the  ornament  of  the  capital  of  the  Co- 
rinthian order.  Vitruvius  aferibes  the  ufe  of  it  to  the 
following  accident.  A young  girl  dying,  her  nurfc 
was  defirous  of  confecrating  to  her  manes  certain  toys 
which  ihe  was  fond  of  in  her  life-time  ; which  the 
good  woman  carried  in  a little  baficct,  covered  with  a 
Iquarc  tile,  and  placed  it  among  fome  green  plant* 
which  grew  on  her  grave.  One  of  thefe,  which  hap- 
pened to  be  the  acanthus,  as  it  grew  up,  invironed  and 
in  a manner  embraced  the  bafleet ; which  Callimachus, 
a noted  Greek  fculptor,  calling  his  eyes  upon,  from 
thence  took  the  hint  of  this  elegant  ornament.  See 
Abacus. 

ACCELERATED  is  that  which  receives 

frelh  acceffions  of  velocity  ; and  the  acceleration  maybe 
cither  equably  or  unequably ; if  the  acceffions  of  ve- 
locity be  always  equal  in  equal  times,  the  motion  is 
laid  to  be  equably  or  uniformly  accelerated  ; but  if  the 
VoL.  r. 


acceffions,  in  equal  times,  either  increafe  or  deercafe, 
then  the  motion  is  unequably  or  variably  accelerated. 

Acceleration  is  direcliy  <;ppofite  to  retardation, 
which  denotes  a diminution  of  velocity. 

Acceleration  comes  chlefiy  under  confideration 
in  phyfics,  in  the  defeent  of  heavy  bodies,  tending  or 
falling  towards  the  centre  of  the  cartli,  by  the  force  of 
gravity. 

That  bodies  are  accelerated  in  tbeir  natural  defeent, 
is  C-vldent  both  the  fight,  atid  from  obfervlng  that 
the  greater  height  ilicy  fall  fi  om,  the  greater  force  they 
flrikc  with,  and  the  deeper  impreffioiis  tliey  make  in 
foft  fnbllances. 

The  acceleration  of  falling  bodies  has  been  afcrlbed 
to  various  caufes,  by  different  philofophers.  Some 
have  attributed  it  to  the  prelTuic  of  the  air  down- 
wards : the  more  a body  defeends,  the  longer  and 
heavier,  fay  they,  mull  be  the  colnmn  of  atmofphere 
incumbent  upon  it  ; to  which  they  add,  that  the  whole 
mafs  of  fluid  prtffing  by  an  infinity  of  ri^ht-lines  all 
ultlmatelv  meeting  in  the  earth’s  centre,  fuch  central 
point  mull  fupport,  as  it  were,  the  prelTure  of  the 
whole  mafs ; and  that  confequently  the  nearer  a body 
approaches  to  it,  the  more  mull  it  receive  of  the 
preflure  of  a multitude  of  lines  tending  to  unite  in 
the  central  point. 

Mr.  Hobbes  endeavours  to  account  for  this  accele- 
ration from  a new  impreffion  of  the  caufe  which  makes 
bodies  fall ; in  which  he  is  fo  far  right.  But  then  he 
as  far  miftakes,  as  to  the  caufe  of  the  fall,  which  he 
thinks  is  the  air  : at  the  fame  time,  fays  he,  that  one 
particle  of  air  alcends,  another  defeends;  for  in  con- 
fequence of  the  earth’s  motion  being  two-fold,  that  is 
circular  and  progreffive,  the  air  mult  at  once  both 
afeend  and  circulate  ; whence  it  follows,  that  a body 
falling  in  this  medium,  and  receiving  a new  prelTurc 
every  inllant,  mull  have  its  motion  accelerated. 

But  to  both  thefe  fyllcms  it  may  be  anfwered,  that 
the  air  is  quite  out  of  the  quellion  ; for  it  is  very  evi- 
dent that  bodies  fall,  and  in  falling  have  their  motion 
accelerated,  in  vacuo,  as  in  open  air,  and  even  more 
than  in  the  air,  in  as  much  as  this  oppofes  and  fome-, 
what  retards  their  fall. 

The  Galfendills  alfign  another  reafon  for  the  acce- 
leration : they  pretend  that  there  are  continually  ilfu- 
ing  out  of  the  earth  certain  attradlive  corpufcles,  di- 
rected in  an  infinite  number  of  rays ; thofe,  fay  they, 
afeend  and  then  defeend,  in  fuch  fort  that  the  nearer  a 
body  approaches  to  the  earth’s  centre,  the  more  of 
thefe  attractive  rays  prefs  upon  it,  in  confequence  of 
which  its  motion  becomes  more  accelerated. 

The  peripatetics  endeavour  to  explain  the  matter 
thus  : the  motion  of  heavy  bodies  downward,  arifes, 
fay  they,  out  of  an  intrinfic  principle  that  caufes  a 
tendency  in  them  to  the  centre,  as  the  place  appro- 
priated to  their  element  ; wl'.ere,  when  they  can  once 
arrive,  they  will  be  at  pcrfedl  rell  ; and  therefore,  con- 
tinue they,  the  nearer  bodies  approach  to  it,  the  more 
the  velocity  of  their  motion  is  increafed  : a notion  too 
idle  to  merit  confutation. 

The  Cartefians  account  for  acceleration,  by  reiter- 
ated impulfes  of  their  materia  fnhtilisy  adling  continually 
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on  falling  bodies,  and  propelling  tliem  downwards : a 
conceit  equally  unintelligible  and  abfurd  with  the 
former. 

But,  leaving  all  fuch  vifionary  caiifes  of  acceleration, 
and  only  admitting  the  exigence  of  fuch  a force  as  gra- 
vity, fo  evidently  inherent  in  all  bodies,  without  regard 
what  may  be  the  caufe  of  it,  the  whole  myftery  of 
■■^tion  will  be  cleared  up.  Confider  gravity  then, 
-ilileo,  only  as  a caufe  or  force  which  adls  con- 
y on  heavy  bodies  ; and  it  will  be  eafy  to  con- 
that  tlie . principle  of  gravitation,  which  deter- 
.es  bodies  to  defeend,  mull  by  a neceffary  confe- 
,aence  accelerate  them  in  falling. 

A body  then  having  once  begun  to  defeend,  through 
the  irapuBe  of  gravity  ; the  hate  of  defceiiding  is  now, 
by  Newton’s  firll  law  of  nature,  become  as  it  were  na- 
tural to  it ; infomuch  that,  were  it  left  to  itfeif,  it 
would  for  ever  continue  to  defeend,  even  though  the 
firll  caufe  of  its  defeent  fhould  ccafe.  But  befides  this 
determination  to  defeend,  impreiTed  upon  it  by  the  firll 
caufe  of  motion,  which  would  be  fufiicient  to  continue 
to  infinity  the  degree  of  motion  already  begun,  new 
impulfes  ai-e  continually  fuperadded  by  the  fame  caufe  ; 
which  continues  to  acl  upon  the  body  already  in  mo- 
tion, in  the  fame  manner  as  if  it  had  remained  at  reft. 
There  being  then  two  caufes  of  motion,  adling  both  in 
the  fame  diredlion  ; it  neceflarily  follows,  that  the  mo- 
tion which  they  unitedly  produce,  muft  be  more  con- 
fiderable  than  what  either  could  produce  feparately. 
And  as  long  as  the  velocity  is  thus  continued,  the  fame 
caufe  ftill  fubfifting  to  increafe  it  more,  the  defeent 
muft  of  neceflity  be  continually  accelerated. 

Suppofing  then  that  gravity,  from  whatever  prin- 
ciple it  arifes,  a£ls  uniformly  upon  all  bodies  at  the 
fame  diftance  from  the  centre  of  the  earth : dividing 
the  time  which  the  heavy  body  takes  up  in  falling  to 
the  earth,  into  indefinitely  fmali  equal  parts  ; gravity 
will  impel  the  body  toward  the  centre  of  the  earth,  in 
the  firft  indefinitely  Ihort  inftant  of  the  defeent.  If 
after  this  we  fuppofe  the  adlion  of  gravity  to  ceafe,  the 
body  will  continue  perpetually  to  advance  uniformly 
toward  the  earth’s  centre,  with  an  indefinitely  fmall 
velocity,  equal  to  that  which  refulted  from'  the  firft 
imptilfe. 

But  then  if  we  fuppofe  that  the  action  of  gravity 
ftill  continues  the  fame  after  the  firft  impulle  ; in  tiie 
fecond  inftant,  the  body  will  receive  a new  impulfe  to- 
ward the  eaith,  equal  to  that  which  it  received  In  the 
firft  inftant  and  confequently  its  velocity  will  be 
doubled  ; in  the  third  Inftant,  it  will  be  tripled  ; in  the 
fourth,  quadrupled  ; in  the  fifth,  quintupled  ; and  fo 
on  continually  : for  the  impulfe  made  In  any  preceding 
inftant,  is  no  ways  altered  by  that  which  is  made  in  the 
following  one  ; but  they  are,  on  the  contrary,  always 
Accumulated  on  each  other. 

So  that  the  inftants  of  time  being  fuppofed  inde- 
finitely fmall,  and  all  equal,  the  velocity  acquired  by 
the  falling  body,  will  be,  in  every  inftant,  proportional 
to  the  times  from  the  beginning  of  the  delcent ; and 
confequently  the  velocity  will  be  proportional  to  the 
time  in  which  it  is  produced.  So  that  if  a body,  by 
this  conftant  force,  acquire  a velocity  of  16^5  feet  fup- 
pofe in  one  fecond  of  time ; it  will  acquire  a velocity 
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of  52 1-  feet  in  two  feconds,  48  J feet  in  3 ftconds, 
64^  in  4 feconds,  and  fo  on.  Nor  ought  it  to  feem 
ftrange  that  all  bodies,  fmall  or  large,  acquire,  by  the 
force  of  gravity,  the  fame  velocity  in  the  fame 
time.  For  every  equal  particle  of  matter  being  endued 
with  an  equal  impelling  force,  namely  its  gravity  or 
w- eight,  the  fum  of  all  the  forces,  in  any  compound 
mafs  of  matter,  will  be  proportional  to  the  fum  of  all 
the  w'eights,  or  quantities  of  matter  to  be  moved  ; con- 
fequently, the  forces  and  maffes  moved,  being  thus  con- 
ftantly  Increafed  in  the  fame  proportion,  the  velocities 
generated  will  be  the  fame  in  all  bodies,  great  or  fmalL 
That  is,  a double  force  moves  a double  mafs  of  matter, 
with  the  fame  velocity  that  the  fingle  force  moves  the 
fingle  mafs;  and  fo  on.  Or  otherwife,  the  whole  com- 
pound mafs  falls  all  together  with  the  fame  velocity, 
and  In  the  fame  manner,  as  if  its  particles  were  not 
united,  but  as  if  each  fell  by  itfeif,  feparated  all  from  one 
another.  And  thus  all  being  let  go  at  once,  they  would 
fall  tofyether,  luft  as  if  thev  were  united  into  one  mafs. 
The  foregoing  law  of  the  defeent  of  failing  bodies, 
namely  that  the  velocities  are  always  proportional  to 
the  times  of  defeent,  as  well  as  the  following  laws  con-^ 
cerning'the  fpaces  paft'ed  over,  &c,  were  firft  difeovered 
and  taught  by  the  great  Galileo,  and  that  nearly  in  the 
following  manner. 

Becaufe  the  conftant  velocity  wdth  which  any  body 
moves,  or  the  fpace  It  pafles  over  in  a given  time,  as 
fuppofe  one  fecond,  being  multiplied  by  the  time,  or 
number  of  feconds  it  is  in  motion,  exprefles  the  fpace 
pafied  over  In  that  time  ; and  the  area  or  fpace  of  a 
re6langular  figure  being  denoted  by  the  length  mul- 
tiplied by  the  breadth  ; therefore  the  fpace  fo  run  over, 
may  be  confidered  as  a rectangle  compounded  of  the 
time  and  velocity,  that  is  a rectangle  of  which  the  time 
denotes  the  length,  and  the  velocity  the  breadth.  Sup- 
pofe  then  A to  be  the.  heavy  body  which  defeends,  and 
A B to  denote  the  whole  time  of  any  defeent ; which 
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let  be  divided  into  a certain  number  of  equal  parts, 
denoting  intervals  or  portions  of  the  given  time,  as 
AC,  CD,  DE,  &c.  Imagine  the  body  to  defeend, 
during  the  time  exprefted  by  the  firft  of  the  divifions 
A C,  with  a certain  uniform  velocity  arifing  from  the 
force  of  gravity  adling  on  it,  wBich  let  be  denoted  by 
A F,  the  breadth  of  the  reftangle  C F ; then  the  fpace 
run  through  during  the  time  denoted  by  AC,  with  the 
velocity  denoted  by  A F,  will  be  exprefted  by  the  rec- 
tangular fpace  C F. 

Now  the  action  of  gravity  having  produced,  in  the 
firft  moment,  the  velocity  A F,  in  the  body>  before  at 
reft  ; in  the  firft  two  moments  it  will  produce  the  ve- 
locity C G,  the  double  of  the  former ; in  the  third  mo- 
ment, to  the  velocity  C G will  be  added  one  degree 
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more,  by  which  means  will  be  produced  the  velocity 
J)  H,  triple  of  the  firft ; and  fo  of  the  reft ; fo  that 
during  the  whole  time  A B,  the  body  will  have  ac- 
quired the  velocity  B K.  Hence,  taking  the  divifions 
of  the  line  A B at  pleafure  ; for  example,  the  divifions 
AC,  CD,  &c,  for  the  times  ; the  fpaces  run  through 
during  thofe  times,  will  be  as  the  areas  or  r/iflangles 
C F,  D G,  See ; and  fo  the  fpace  deferibed  by  the 
moving  body  during  the  whole  time  A B,  will  be 
equal  to  all  the  redlangles,  that  is,  equal  to  the  whole 
indented,  fpace  A B K I H G F.  And  thus  it  will 
happen  if  the  increments  of  velocity  be  produced,  as 
we  may  fay,  all  at  once,  at  the  end  of  certain  portions 
of  finite  time  ; for  inftance  at  C,  at  D,  &c  ; fo  that  the 
degree  of  motion  remains  the  fame  to  the  inftant  that  a 
new  acceleration  takes  place. 

By  conceiving  the  divifions  of  time  to  be  fliorter, 
for  example  but  half  as  long -as  the  former,  the  in- 
dentures of  the  figure  will  be  proportionably  more 
contracted,  and  it  will  approach  nearer  to  a triangle  ; 
and  fo  much  the  nearer  as  the  divifions  of  time  are 
fhorter : and  if  thefe  be  fuppofed  infinitely  fmall ; that 
is,  if  increments  of  the  velocity  be  fuppofed  to  be  ac- 
quired continually,  and  at  each  indivilible  particle  of 
time,  which  is  really  the  cafe,  the  reCtangles  fo  fuc- 
ceflively  produced,  will  form  a true  triangle,  as  ABC  j 
the  whole  time  A B confifting  of  minute  portions  A 1, 


12,  23,  See;  and  the  area  of  the  triangle  ABC,  of 
all  the  minute  furfaces,  or  minute  trapeziums,  t\  hich 
anfwer  to  the  divifions  of  the  times  ; the  area  of  the 
whole  triangle  ABC,  denoting  the  fpace  run  through 
during  the  whole  time  A B ; and  the  area  of  any 
fmaller  triangle  A 7^,  deputing  the  fpace  run  through 
during  the  correfponding  time  Ay.  But  the  triangles 
A.  1 a,  A 7^,  &c,  being  fimilar,  have  their  areas  to 
each  other  as  the  fquares  of  their  like  fides  A i , A 7, 
&c ; and  confequently  the  fpaces  gone  through,  in 
any  times  counted  from  the  beginning,  are  to  each 
other  as  the  fquares  of  the  times. 

Hence,  in  any  right-angled  triangle,  as  A B C,  the 
©ne  fide  A B reprefents  the  time,  the  other  fide  B C 
the  velocity  acquired  In  that  time,  and  the  area  of  the 
triangle  the  fpace  deferibed  by  the  falling  body. 

From  the  preceding  demonftratlon  is  alfo  drawn 
this  other  general  theorem  in  motions  that  are  uni- 
formly accelerated ; namely,  that  a body  defeending 
with  a uniformly  aecelerated  motion,  deferibes  in  the 
whole  time  of  Its  defeent,  a fpace,  which  is  exadlly  the 
half  of  that  which  it  would  deferibe  uniformly  in  the 
fame  time,  with  the  velocity  It  has  acquired  at  the  end 
of  its  accelerated  fall.  For  it  has  been  fhewn  that  the 
Y/hole  fpace  which  the  falling  body  has  run  through  in 
the  time  A B,  is  reprefented  by  the  triangle  ABC, 
the  laft  velocity  being  B C ; and  the  fpace  which  the 


body  would  run  through  uniformly  in  the  fame  time 
A B,  conftantly  with  the  faid  greatelb  velocity  B C,  is 
reprefented  by  the  rei^langle  A B C D : but  It  is  well 
known  that  the  rectangle  ABC  I)  is  double  the 
triangle  ABC;  tind  therefore  the  latter  fpace  run 
through,  is  double  the  former;  that  is,  tlie  fpace  run 
through  by  the  accelerated  motion,  Is  juft  half  of  that 
which  the  body  would  deferibe  in  the  fame  time,'  mov- 
ing uniformly  with  the  velocity  acquired  at  the  end  of 
its  accelerated  fall.  ' 

Hence  then,  from  the  foregoing  confiderations  are 
deduced  the  following  general  laws  of  unIformH  acce- 
lerated motions,  namely, 

ill.  That  the  velocities  acquired,  are  conftantly  pro- 
portional to  the  times ; in  a double  time  a double  ve- 
locity, &c, 

2d;  That  the  fpaces  deferibed  in  the  whole  times, 
each  counted  from  the  commencement  of  the  motion, 
arc  proportional  to  the  fquares  of  the  times,  or  to  tlie 
fquares  of  the  velocities  ; that  is,  iu  twice  the  time, 
the  body  will  deferibe  4 times  the  fpace  ; in  tin  ice  tiie 
time,  it  will  deferibe  9 times  the  fpace  ; In  quadruple 
the  time,  16  times  the  fpirce  ; and  fo  on.  In  fliort,  if 
the  times  are  proportional 
to  the  numbers  - i,  2,  3,  4,  3,  &:c, 
the  fpaces  will  be  as  i,  4,  9,  16,  23,  6cc, 
wdfich  are  the  fquares  of  the  former.  So  that  If  a 
body,  by  the  natural  force  of  gravity,  fall  through  the 
fpace  of  i6-rF  feet  in  the  full  fecond  of  time  ; then  In 
the  firft  two  feconds  of  time  It  will  fall  through  four 
times  as  much,  or  64 ^ feet  ; in  the  firft  three  feconds 
it  w'lll  fall  nine  times  as  much,  or  144^:  feet;  and  fo 
on.  And  as  the  fpaces  fallen  through  are  as  the 
fquares  of  the  times,  or  of  the  velocities  ; therefore  the 
times,  or  the  velocities,  are  proportional  to  the  fquare 
roots  of  the  fpaces. 

3d.  The  fpaces  deferibed  hy  falling  bodies,  in  a 
feries  of  equal  inftants  or  intervals  of  time,  will  be  as 
•the  odd  numbers  ^ D 3?  5>  7>  9> 

which  are  the  dilTercnces  of]  r - X/ 

tlie  f([iiaies  or  whole  fpaces  J ^ 

that  is,  the  body  which  lias  run  through  16/2  in  the 
firft  fccond,  will  in  the  next  fecond  run  through  485- 
feet,  iu  the  third  fecond  8o-/.£,  and  fo  on. 

4th,  If  the  body  fall  through  any  fpace  In  any  time, 
it  acquires  a velocity  equal  to  double  that  fpace  ; that 
Is,  in  an  equal  time,  with  the  laft  velocity  acquired,  if 
uniformly  continued,  it  would  pafs  over  juft  double  the 
Tpace.  So  if  a body  fall  through  feet  in  the  firft 

fecond  of  time,  then  it  has  acquired  a velocity  of  3.-’^ 
feet  in  a fecond  ; that  is,  if  the  body  move  uniformly 
for  one  fecond,  with  the  velocity  acquired,  it  will  pafs 
over  32^  feet  in  this  one  fecond:  and  if  in  anytime 
the  body  fall  through  100  feet;  then  in  another  equal 
time,  if  it  move  uniformly  with  tlie  velocity  lall  ac- 
quired, it  will  pafs  over  200  feet.  And  fo  on. 

But,  as  the  method  of  demonftratlon  nfe;l  bv  Galileo, 
by  means  of  infinitely  fmall  parts  forming  a reguLir 
triangle,  is  not  approved  of  by  many  perfons,  the'  fame 
laws  may  be  otherwife  dcmonlfrated  thus  : let  the 
w'holc  time  of  a body’s  free  dcfceiit  be  divided  into 
any  number  of  parts,  calling  each  of  thefe  parts  i ; and 
let  a denote  the  velocity  acquired  at  the  cud  of  the  firft 
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part  of  time;  then  will  i a,  3^7,  a.o^  &-c,  rcprefent 
the  velocities  at  the  end  of  the  2d»  3d,  4th,  &c,  part  of 
time,  becaiife  the  velocities  are  as  the  times  ; and  for 
the  fame.reafon  &c,  will  be  the  velocities  at 

the  middle  point  of  the  hrll,  fecoud,  third,  &c,  part  of 
time.  But  now  as  the  velocities  increafe  uniformly, 
the  fpace  defer ibcd  in  any  one  of  thefe  parts  of  time, 
may  be  confidered  as  uniformly  defcrlbed  with  its 
middle  velocity,  or  tire  velocity  in  the  middle  of  that 
part  of  time  ; and  tlrerefore  nuiltiplyin.^  tliofe  mean 
velocities  each  by  their  common  time  r,  we  have  the 


fame  fraffionj 


i.  Clm 


&c,  for  the  fpaces  pafied 


over  in  the  fuccefiive  parts  of  the  time  ; that  is,  the 
fpace  \a  in  the  hrll  time,  in  the  fecond,  \a  in  the 
third,  and  fo  on  : then  add  theic  fpaces  fucceliively  to 
one  another, _ and  we  obtain  la^  fr?,  &c,  for 

the  whole  fpaces  defcrlbed  from  the  bep'inninsf  of  the 
motion  to  the  end  of  the  firil:,  fecond,  third,  dec,  por- 
tion of  time  ; namiely  \a  fpace  in  one  time,  %a  in  2 
times,  -|(7  in  3 times,  and  fo  on:  and  it  is  evident  that 
thefe  fpaces  are  as  the  numbers  r,  4,  9,  16,  See,  vrhich 
are  as  the  fquares  of  tb.c  times. 

And  from  this  mode  of  demonftration,  all  the  pro- 
perties above-mentioned  evidently  flow  ; fuch  as  that 


I ^ 
r\  a % 


ia, 

2, 

Irj, 


2. 

3> 

|/7, 


&C, 

&c, 

&c. 


IS 


the  whole  fpaces 
are  as  the  fquares  of  tire  times  • 
that  the  feparate  fpaces 
defcrlbed  in  the  fucceilive  times, 
are  as  the  odd  numbers 
and  that  the  velocity  a acquired  in 
double  the  fpace  - - defcrlbed  in  tiic  fame  time. 

As  the  laws  of  acceleration  are  very  important,  I 
fhall  here  infert  the  two  following  propofuions,  fent 
me  by  my  learned  friend  Mr.  Abram  Robertfon,  of 
Chriil  Church  College  Oxford,  in  which  thofe  laws  are 
demonftrated  in  a manner  fomewhat  ditferent. 


t ) 3’  5’  dec, 


any  time  i, 


‘‘  Ppoposition  1. 

If  from  the  point  P in  the  ftraight  line  A B,  the 
points  M,  N begin  to  move  at  the  fame  time,  namely, 
M towards  A with  a motion  uniformly  retarded,  and 
N from  reft  towards  B with  a motion  uniformly  acce- 
lerated ; and  if  tlie  velocity  of  M decreafes  as  much  as 
the  velocity  of  N incrcafes  in  the  fame  time  ; then  the 
fpace  M N is  generated  by  an  uniform  motion,  equal 
to  the  velocity  with  which  M begins  to  move. 


M P N 

A : ^ ^ B 

For,  by  hypothefis,  wliatever  is  loft  in  the  velocity 
of  M by  retardation,  is  added  to  the  velocity  of  N by 
acceleration  : the  joint  velocities,  therefore,  of  M and  N 
muft  always  be  equal.  But  it  is  by  the  joint  velocities 
of  M and  N that  the  fpace  M N is  generated.  Con- 
fequently  M N is  generated  by  an  uniform  motion, 
which  is  evidently  equal  to  the  velocity  with  which 
M begins  to  move. 


“ Proposition  II. 

If  a point  begins  to  move  in  the  diredftion  of  a 
ftraight  line,  and  continues  to  move  in  the  fame  di- 
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redtion  with  a velocity  uniformly  accelerated  ; th^ 
fpace  paffed  over  in  any  given  time,  wfil  be  equal  to 
half  the  fpace  paffed  over  in  the  fame  time  with  the 
velocity  wu’th  which  the  acceleration  ends. 

Let  the  point  D begin  to  move  from  A towards  B, 
along  the  ftraight  line  A B,  with  a motion  uniformly 
accelerated  ; the  fpace  A D paffed  over,  is  equal  to 
half  the  fpace  which  the  point  would  pais  over,  in  the 
fame  time  with  the  acquired  velocity  at  D. 

D 

A — — B 

Let  the  points  M,  N begin  to  move  in  the  ftraight 
line  G H,  at  the  fame  time,  wuth  equal  velocities  uni- 
formly accelerated ; M beginning  to  move  from  G, 
and  N from  P ; and  at  the  fame  time  that  M comes  to 
the  point  P,  let  N come  to  H.  Then  as  M and  N 

M P N 

G — ! 1 .--i- -H 

move  with  equal  velocities,  uniformly  accelerated,  it  is 
evident  that  the  fpaces,  which  they  pafs  over  in  the 
fame  time,  are  equal  to  one  another  ; confequently  the 
fpace  GP  is  equal  to  the  fpace  P H.  Now  as  M bo- 
gins  to  move  from  G with  a velocity  uniformly  ac- 
celeiated,  it  will  arrive  at  P with  an  acquired  velocity. 
Hence  it  is  evident,  if  it  be  fuppofed  to  begin  to  move 
from  P with  this  acquired  velocity,  and  proceed  toward 
G with  a velocity  uniformly  retarded  in  the  fame  de- 
gree that  it  was  accelerated  when  it  began  to  move 
from  G,  that  it  will  pafs  over  the  fame  fpace  G P in 
the  fame  time.  Wherefore,  fuppofing  the  two  points 
M,  N to  begin  to  move  from  P at  the  fame  time, 
namely  the  point  M beginning  to  move  with  the  ac- 
quired velocity  mentioned  above,  and  proceeding  to- 
w^ards  G with  the  velocity  uniformly  retarded,  de- 
feribed  above  ; and  the  point  N as  before  with  the 
velocity  uniformly  accelerated  : then  as  the  acceleration 
and  retardation  are  uniform,  they  will  be  equal  in  equal 
fpaces  of  time.  Again,  as  M is  retarded  in  the  fame 
degree  that  it  was  accelerated  when  it  began  to  move 
from  G,  that  is.  In  the  fame  degree  that  N is  ac- 
celerated, by  the  former  prop.  M N is  generated 
by  an  uniform  velocity.  But  when  the  point  M 
arrives  at  G,  its  velocity  becomes  equal  to  o or 
nothing ; and  at  the  time  that  M arrives  at  G,  N 
arrives  at  FI  with  the  acquired  velocity.  Wherefore, 
as  the  velocities  of  M and  N taken  jointly  are  equal, 
and  confequently  uniform,  the  fpace  G H is  paffed 
over  with  the  velocity  of  N at  H,  in  the  fame  time 
that  P FI  is  paffed  over  by  N beginning  to  move  from 
P with  a velocity  uniformly  accelerated  to  H,  But 
PH  is  half  of  GH.  Hence  the  prop,  is  manifeft.” 

And  hence  the  other  laws  of  the  fpaces,  before - 
mentioned,  eafily  follow. 

Since  the  fpaces  defeended  are  as  the  fquares  of  the 
times,  and  the  abfeiffes  of  a parabola  are  as  the  fquares 
of  the  ordinates,  therefore  the  relation  of  the  times  and 
fpaces  defeended  may  be  very  well  reprefented  by  the 
ordinates  and  abfeifies  of  that  flgrure.  Thus  if  A B be 

O 

the  axis  of  the  parabola  hhdfhy  and  A C a tangent 

at 
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at  the'  vertex  perpendicular. to 
the  axis,  divided  into  any  num- 
ber of  equal  parts  A.  a,  a c e, 
&c,  for  the  times  ; and  if  there 
be  drawn  a b,  c d,  s See,  pa- 
, rallel  to  the  axis  : hence  if  a b 
be  the  fpace  defeended  in  the 
time  A a,  then  c d will  be  the 
fpace  defeended  in  the  time 
A c,  and  e f the  fpace  de- 
icended  in  the  time  A e,  and  fo  on  continually. 

From  the  properties  above-demonflrated,  are  derived 
the  following  practical  formulas  or  theorems  for  ufe. 
Namely,  if  g denote  the  fpace  paffed  over  in  the  frll 
fecond  of  time,  by  a body  urged-by  any  conllant  force, 
denoted  by  i,  and  / denote  tlie  time  or  number  of  fe- 
conds  in  which  the  body  pafles  over  any  other  fpace  j, 
and  V the  velocity  acquired  at  the  end  of  that  time  ; 
then  from  the  foregoing  laws  we  have  v = 2^/,  and 
s = \ and  from  thefe  two  equations  refult  the 

following  general  formulas  : 
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And  here,  when  the  conllant  force  i,  is  the  natural 
force  of  gravity,  then  the  dillance  g defeended  in  the 
firll  fecond,  in  the  latitude  of  London,  is  16,*^  feet: 
but  if  it  be  any  other  conllant  force,  the  value  of  g 
will  be  different,  in  proportion  as  the  force  is  more  or 
lefs. 

The’  motion  of  an  afeending  body,  or  of  one  that 
is  impelled  upwards,  is  diminilhed  or  retarded  by  the 
fame  principle  of  gravity,  adling  in  a contrary  direc- 
tion, after  the  fame  manner  that  a falling  body  is  acce- 
lerated. 

A body  projedled  upwards,  afeends  until  it  has  loft 
all  its  motion  ; which  it  does  in  the  fame  fpace  of  time, 
that  the  body  would  have  taken  up  in  acquiring,  by 
falling,  a velocity  equal  to  that  with  which  the  falling 
body  began  to  be  projected  upwards.  And  confe- 
quently  the  heights  to  which  bodies  afeend,  when  pro- 
jedled  upwards  with  different  velocities,  are  to  each 
other  as  the  fquares  of  tliofe  velocities. 

Accelerated  Motion  of  Bodies  on  Inclined  Planes, 
The  fame  general  laws  obtain  liere,  as  in  bodies  falling 
freely,  or  perpendicularly  ; namely,  that  the  velocities 
are  as  the  times,  and  the  fpaces  defeended  down  the 
planes  as  the  fquares  of  the  times,  or  of  the  velocities. 
But  thofe  velocities  are  lefs,  according  to  the  fine  of 
the  plane’s  inclination  5 and  the  fpaces  lefs,  according 
to  the  fquare  of  the  fine.  See  Inclined  Plane, 

Accelerated  Motion  of  Pendulums,  See  Pendu- 
lum. 

Accelerated  Motion  of  ProjeBiles,  See  Pro- 
jectile. 

Accelerated  Motion  of  Comprejfed  Bodies,  in  ex- 


panding or  reftoring  themfelves.  See  Dilatation, 
Compression,  and  Elasticity. 

Accelerating  Force,  in  Phyfics,  is  the  force 
that  accelerates  the  motion  or  velocity  of  bodies  ; 
and  it  is  equal  to,  or  expreffed  by,  the  quotientarlfing 
from  the  motive  or  abfolute  force,  divided  by  the 
mafs  or  weight  of  the  body  that  is  moved.  In 
treating  of  phyfical  confiderations  refpefting  forces', 
velocities,  times,  and  fpaces  gone  over,  the  firll  inquiry 
is  the  accelerating  or  accelerative  force.  This  force  is  v 
greater  or  lefs  in  proportion  to  the  velocity  it  generates 
in  the  fame  time,  and  by  this  velocity  it  is  meafured.  All 
accelerating  forces  are  equal,  and  generate  equal  velo- 
cities, that  have  the  motive  forces  diredlly  proportional 
to  the  quantities  of  matter : fo  a double  motive  force 
will  move  a double  quantity  of  matter  with  the  fame 
velocity,  as  alfo  a triple  motive  force  a triple  quantity, 
a quadruple  force  a quadruple  quantity,  &c,  all  with  the 
fame  velocity.  And  this  Is  the  realon  why  all  bodies 
fall  equally  fwift  by  the  force  of  gravity  ; for  the  mo- 
tive force  is  cxadlly  proportional  to  their  weight  or 
mafs.  In  general,  the  accelerating  force  is  in  the  diredt 
ratio  of  the  motive  force,  and  inverfc  ratio  of  the 
quantity  of  matter.  When  a body  Is  let  fall  freely,  to  - 
defeend  by  the  force  of , its  natural  gravity,  it  has  been 
found  by  experiment  that  It  falls  through  16-^^  feet  In 
one  fecond  of  time,  and  requires  a velocity  of  32^  feet  in 
that  time  ; but  if  the  quantity  of  matter  be  doubled,  and 
the  motive  force  remain  the  fame  as  before,  by  connedl- 
ing  the  falling  body  to  another  of  equal  weight  by 
means  of  a thread,  this  other  body  being  laid  on  a ho- 
rizontal plane,  and  the  falling  body  hanging  down  oft' 
the  plLie,  and  drawing  the  other  equal  body  along  the 
plane  after  it ; then  the  accelerating  force  will  be  only 
half  of  what  It  was  before,  and  the  fpace  fallen  in  one 
fecond  will  be  only  feet,  and  the  velocity  acquired 
: and  If  the  quantity  of  matter  be  tripled,  or 
the  body  drawn  along  the  plane  doubled  ; then  the  ac- 
celerating force  will  be  only  onc-third  of  w'hat  It  was 
at  fu  ll,  and  the  fpace  defeended  In  one  fecond,  and  ve- 
locity acquired,  each  one-third  of  the  firll : and  lo  on. 

But  accelerating  forces  are  fometimes  variable,  as. 
well  as  fometimes  conllant  ; and  the  variation  may  be. 
either  Incieafing  or  decreafing. 

The  nature  of  conllant  and  variable  accelerating 
forces,  may  be  illullrated  in  the  following  manner. 
Let  tw'o  w'eiglits  W,  be  connedfted  by  a thread 


paffing  over  a pully  at  A,  B,  or  C ; and  let  the  weight: 
W defeend  perpendicularly  down,  while  it  draws  the 
fmaller  weight  w up  the  line  A D,  or  BE,  or  C F,  the 

firll. 
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firil  being  a (Iraight  inclined  plane,  and  the  otlier  two 
curves,  the  one  convex  and  the  other  concave  to  the 
perpendicular.Then  the  fmall  weight  w will  always  make 
ionie  certain  rcfiilance  to  the  free  defeent  of  the  large 
weight  W,  and  that  refi (lance  will  be  conllantly  the 
iamc  in  every  part  of  the  plane  AD,  the  difficulty  to 
draw  it  up  being  the  fame  in  every  point  of  it,  becaufe 
every  part  of  it  has  the  fame  inclination  to  the  horizon, 
or  to  the  perpendicular ; and  confequently  the  accef- 
lions  to  the  velocity  of  the  defeending  weight  W,  will 
be  always  equal  in  equal  times  ; that  is,  in  this  cafe  W 
defeends  by  a uniformly  accelerating  force.  But  in 
the  two  curves  B E,  C F,  the  refidance  or  oppofitioii 
of  the  fmall  weight  zv  will  be  conftantly  altering  as  it 
is  drawn  up  the  curves,  becaufe  every  part  of  them  lias 
a dift'erent  inclination  to  the  horizon,  or  to  the  perpen- 
dicular ; in  the  former  curve,  the  direction  becomes 
more  and  more  upright,  or  nearer  perpendicular,  as  the 
Irnall  weight  w afeends,  and  the  oppofition  it  makes  to 
the  defeent  of  W,  becomes  more  and  more  ; and  con- 
fequently  the  acceffions  to  the  velocity  of  W will  be 
always  lefs  and  lefs  in  equal  times  ; that  is,  W defeends 
by  a decreafing  accelerating  force:  but  in  the  latter 
curve  C F,  as  zv  afeends,  the  direction  of  the  curve  be- 
comes lets  and  lefs  upright,  and  the  oppofition  it  makes 
to  the  defeent  of  W,  becomes  always  lefs  and  lefs  ; and 
confequently  the  acceffions  to  the  velocity  of  W will 
be  always  more  and  more  in  equal  times  ; that  is,  W 
defeends  by  an  increafing  accelerating  force.  So  that 
although  the  velocity  continually  increafes  in  all  thefe 
cafes,  y^et  whilft  it  increafes  in  a conftant  ratio  to 
the  times  of  motion,  in  the  plane  A D ; the  velocity 
Increafes  in  a lefs  ratio  than  the  time  it  afeended  up 
B E,  and  in  a greater  ratio  than  the  time  increafes  in 
the  other  cuive  C F. 

Now  the  relations  between  the  times  and  velocities 
in  all  thefe  cafes,  may  be  very  well  reprefented  by  the 
relations  between  the  abfeiffes  and  ordinates  of  certain 
lines.  Thus  let  A B iind  A C be  two  (Iraig-ht  lines. 


making  any  angle  BAG;  and  A D,  A E two  curves, 
the  former  concave,  and  the  latter  convex  towards  AB  ; 
divide  A B into  any  parts  A.  a,  A b,  &c,  reprefenting 
the  times  of  motion  ; and  draw  the  perpendiculars 
acd§i  bfgh,  &c,  reprefenting  the  velocities.  Then 
In  the  right  line  A C,  the  ordinates  a h g,  being  as 
the  abfeiffes  A^,  A b,  this  repi'efents  the  cafe  of  uni- 
formly accelerated  motion,  in  which  the  velocities  are 
always  as  the  times : but  in  the  curve  A D,  the  ordi- 
nates ac,  b f increafe  in  a lefs  ratio  than  the  abfeiffes 
A a,  A b ; and  therefore  this  reprefents  the  cafe  of 
•decreafing  accelerationj  in  which  the  velocities  increafe 


in>  a lefs  ratio  than  the  times  ; and  in  the  other  curve 
A E,  the  ordinates  ae,  h h increafe  in  a greater  ratio 
than  the  abfeiffes ; and  therefore  this  reprefents  the 
cafe  of  increafing  acceleration,  in  which  the  velocities 
increafe  in  a greater  ratio  than  the  times. 

The  feveral  algebraic  formulas  or  theorems,  refpedl- 
ing  the  time,  velocity,  fpace,  for  conftant  accelerating 
forces,  are  delivered  above,  at  the  article  Accelerated  Mo- 
tion^ where  the  value  of  each  circumftance  is  expreffed  in 
finite  determinate  quantities.  But  in  the  cafes  of  vari- 
ably accelerated  motions,  the  formulas  will  require  the 
help  of  the  method  of  fluxions  to  exprefs,  not  thofe 
general  relations  themfelves,  but  the  fluxions  of  them  ; 
and  confequently,  taking  the  fluents  of  thofe  ex- 
preffions,  in  particular  cafes,  the  relations  of  time, 
fpace,  velocity,  &c,  are  obtained. 

Now  if  t denote  the  time  in  motion, 

H)  the  velocity  generated  by  any  force,  •' 
s the  fpace  paffed  over, 

and  2 g the  variable  force  at  any  part  of  the  motion, 
or  the  velocity  the  force  would  generate  in  one  fecond 
of  time,  if  it  fhould  continue  invariable,  like  the  force 
of  gravity,  during  that  one  fecond  ; and  therefore  the 
value  of  this  velocity  2^,  will  be  in  proportion  to  321- 
feet,  as  that  variable  force,  is  to  i the  force  of  gravity. 
Then  becaufe  the  force  may  be  fuppofed  conftant  dur- 

ing  the  indefinitely  fmall  time  and  that  in  uniform 
motions  the  fpaces  and  velocities  are  proportional  to  the 
times,  we  from  thence  obtain  thefe  two  general  funda- 
mental porportions, 


z)  ; s 
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From  which  are  derived  the  four  formulas  below,  in 
which  the  value  of  each  quantity  is  expreffed  in  terms 
of  the  reft. 
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And  thefe  theorems  equally  hold  good  for  the  de- 
ftrudtion  of  motion  and  velocity,  by  means  of  retard- 
ing forces,  as  for  the  generation  of  the  fame  by  means 
of  accelerating  forces. 

Acceleration,  in  JPIcc/ja?ilcsythQ  increafe  of  velo- 
city in  a moving  body. 

Acceleration.  AJiron,  The  Diurnal  Acceleration 
of  the  fixed  ftars,  is  the  tiiue  which  the  ftars,  in  one  diur- 
nal revolution,  anticipate  the  mean  diurnal  revolution 
of  the  fun  ; Mffiich  is  3"^  55^/^  of  mean  time,  or  nearly 
3™  36^  : that  is,  a ftar  rifes,  or  fets,  or  pafies  the  me- 
ridian, about  3"^  56^  fooner  each  day.  .This  accelera- 
tion of  the  ftars,  which  is  only  apparent  in  them,  arlfes 
from  the  real  retardation  of  the  fun,  owing  to  his  appa- 
rent 
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rent  motion  in  his  orbit  towards  the  eafl,  which  is  about 
59^^  8^Vo'  of  a degree  every  day.  So  that  the  liar  which 
paffed  the  meridian  yefterday  at  the  fame  moment  with 
the  fun,  is  to-day  about  59'  8"  pail  the  meridian  to  the 
weft,  when  the  fun  arrives  at  it ; which  will  take  him 
up  about  3'"  56®  of  time  to  pafs  over;  and  therefore 
the  ftar  paffes  by  3’”  56^  fooner  than  the  fun  each  day, 
or  anticipates  his  motion  at  that  rate.  The  true  quan- 
tity of  this  anticipation,  or  acceleration,  is  found  by 
this  proportion,  360^59^  : 59'  : : 24 hours: 

S’”  5 5^t%>  fourth  term  of  which  is  the  acceleration. 

The  diurnal  acceleration  ferves  to  regulate  the  lengths 
or  vibration  of  pendulums.  If  I obfervc  a fixed  ftar 
fet  or  pafs  behind  a hill,  fteeple,  or  fuch  like,  when  the 
pendulum  marks  for  inftance  10™  ; and  the  next  day, 
the  eye  being  in  the  fame  place  as  before,  the  paffage 
be  at  8^  6"^  4® ; I thence  conclude  that  the  pendulum 
is  well  regulated,  or  truly  meafures  mean  time. 

Acceleration  of  a Planet.  A planet  is  fald  to  be 
accelerated  in  its  motion,  when  its  real  diurnal  motion 
exceeds  its  mean  diurnal  motion.  And,  on  the  other 
hand,  the  planet  is  faid  to  be  retarded  In  its  motion, 
when  the  mean  exceeds  the  real  diurnal  motion.  Tliis 
inequality  arlfes  ftom  the  change  In  the  diftance  of  the 
planet  from  the  fun,  which  Is  continually  varying  ; the 
planet  moving  always  quicker  In  Its  orbit  when  nearer 
the  fun,  and  flower  when  farther  off. 

Acceleration  of  the  Moon,  is  a term  ufed  to  ex- 
prefs  the  increafe  of  the  moon’s  mean  motion  from  the 
fun,  compared  with  the  diurnal  motion  of  the  earth  ; 
by  which  It  appears  that,  from  fome  uncertain  caufe,  it 
is  now  a little  quicker  than  It  was  formerly.  Dr.  Hal- 
ley was  led  to  the  difcovery,  or  fufpicion,  of  this  acce- 
leration, by  comparing  the  ancient  eclipfes  obferved  at 
Babylon,  &c,  and  thofe  obferved  by  Albategnlus  in 
the  ninth  century,  with  fome  of  his  own  time  ; as  may 
be  feen  in  N®2i8  of  the  Philofopbical  Tranfadtions. 
He  could  not  however  afcertain  the  quantity  of  the 
acceleration,  becaufe  the  longitudes  of  Bagdat,  Alex- 
andria, and  Aleppo,  where  the  obfervations  were  made, 

- had  not_.  been  accurately  determined.  But  fmce  his 
time  the  longitude  of  Alexandria  has  been  afcertained 
by  Chazelles ; and  Babylon,  according  to  Ptolemy’s 
account,  lies  50'  eaft  of  Alexandria.  Phom  thefe  data, 
Mr.  Dunthorne,  vol.  46  Philof.  Tranfadtions,  compared 
the  recorded  times  of  feveral  ancient  and  modern  eclipfes, 
with  the  calculations  of  them  by  his  own  tables,  and 
thereby  verified  the  fufpicion  that  had  been  ftarted  by 
Dr.  Halley  ; for  he  found  that  the  fame  tables  gave  the 
moon’s  place  more  backward  than  her  true  place  In 
ancient  eclipfes,  and  more  forward  than  her  true  place 
in  later  eclipfes  ; and  thence  he  juftly  Inferred  that  her 
motion  in  ancient  times  was  flower,  and  in  later  times 
quicker,  than  the  tables  give  it. 

Not  content  however  with  .barely  afcertaining  the 
fadt,  he  proceeded  to  determine,  as  well  as  the  obfer- 
vations would  allow,  the  quantity  of  the  acceleration  ; 
and  by  means  of  the  moft  authentic  eclipfe,  of  which 
any  good  account  remains,  obferved  at  Babylon  in  the 
year  721  before  Chrlft,  he  found  that  the  obferved  be- 
ginning of  this  ecliple  was  about  an  hour  and  three 
quarters  fooner  than  the  beginning  by  the  tables ; and 
that  therefore  the  moon’s  true  place  preceded  her  place 
by  computation  by  about  50'  of  a degree  at  that  time. 


Then  admitting  the  acceleration  to  be  uniform,  and 
the  aggregate  of  it  as  the  fquare  of  the  time,  it  will 
be  at  the  rate  of  about  10"  in  ico  years. 

Dr.  Long,  vol.  il.  p.  436  of  his  Aftronomy,  enu- 
merates the  following  caufes  from  fome  one  or  more 
of  which  the  acceleration  mav  arlfe.  Either  ift,  the 
annual  and  diurnal  motion  of  the  earth  continuing  the 
fame,  the  moon  is  really  carried  about  the  earth  with 
a greater  velocity  than  formerly  : or,  zdly,  the  diurnal 
motion  of  the  earth,  and  the  periodical  revolution  of 
the  moon,  continuing  the  fame,  the  annual  motion  of 
the  earth  about  the  fun  is  retarded  ; which  makes  the 
fun’s  apparent  motion  in  the  ecliptic  a little  flower  than 
formerly;  and  confequently  the  moon,  in  palling  from 
any  conjundfion  with  the  fun,  takes  up  a lefs  time  be- 
fore fhc  again  overtakes  the  fun,  and  forms  a fubfequent 
conjundlion  : in  both  thefe  cafes,  the  motion  of  the 
moon  from  the  fun  is  really  accelerated,  and  the  fyno- 
dical  month  aclually  fhortened  : or,  3dly,  the  annual  mo- 
tion of  the  earth,  and  the  periodical  revolution  of  the 
moon,  continuing  tlie  fame,  tlie  rotation  of  the  earth 
upon  its  axis  Is  a little  retarded  ; In  this  cafe,  daySy 
hours,  minutes,  &c,  by  which  all  peiiods  of  time  muft 
be  meafured,  appear  of  a longer  duration  ; and  confe- 
quently the  fynodical  rnonfh  will  appear  to  be  Ihortened,. 
though  it  really  contain  the  fame  quantity  of  abfolute 
time  as  it  always  did.  If  the  quantity  of  matter  In  the 
body  of  the  fun  be  leffened,  by  the  particles  of  light 
continually  ftreaming  from  it,  the  motion  of  the  earth 
about  the  fun  may  become  flower  : If  the  earth  in- 
creafes  in  bulk,  the  motion  of  the  moon  about  the 
earth  may  tliereby  be  quickened. 

' ACCELERATIVE  Force,  iife,  the  fame  as  Ac- 
celerating, 

ACCESSIBLE,  fomething  that  may  be  approach- 
ed, or  to  which  we  can  come.  In  Surveying,  it  Is  fuch 
a place  as  will  admit  of  having  a diftance  or  length  of 
ground  meafured  from  it ; or  fuch  a height  or  depth  as 
can  be  meafured  by  adfually  ajiplying  a proper  inftru- 
ment  to  it.  For  the  means  of  doing  which,  fee  Altime- 
try, Longimetry,  or  Heights-and-Distances. 
ACCIDENS,  Accidevt,  Philof. 

iV/-AcciDENS  Is  a term  often  ufed  among  phllofo- ' 
pliers,  to  denote  what  does  not  follow  from  the  nature 
of  a thing,  hut  from  fome  accidental  quality  of  it;  in 
this  fenfe  it  Hands  oppofed  \.o  per  /e,  which  denotes 
tlie  nature  and  cflence  of  a thing.  Thus,  fire  Is  faid  to 
burn  per  fe,  or  confidered  as  fire,  and  not  per  acc'ulcns  ; 
but  a piece  of  iron,  though  red-hot,  only  burns  per 
accldensy  by  a quality  accidental  to  it,  and  not  coiifi- 
dered  as  iron. 

x\cci DENTS,  In  Ajlrology,  denote  the  moft  extraordi- 
nary occurrences  in  the  courfe  {>f  a perfon’s  life,  either 
good  or  bad  : fuch  as  a remarkable  inftance  of  good 
lortune,  a fignal  deliverance,  a great  ficknefs,  &c. 

ACCIDENTAL,  fomething  that  partakes  of  the- 
nature  of  an  accident ; or  that  is  Indifferent,  or  not  ef- 
fential  to  its  fubjedf, — Thus  whitenefs  is  accidental  to 
marble,  and  fenlible  heat  to  iron. 

Accidental  Colours,  fo  called  by  M.  Buffon,  are 
thofe  which  depend  on  the  affedllons  of  the  eye,  In 
contiadillindilon  to  fuch  as  belong  to  light  itfelf. 

The  impreflions  made  upon  the  eye,  by  looking  ftedr 
faftly  on  objedts  gf  a particular  colour,  are  various 
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according  to  tlie  fmgle  colour,  or  affemblage  of 
colours,  in  the  objecl  ; and  they  continue  for  fome 
time  after  the  eye  is  withdrawn,  and  give  afalfe  colour- 
ing to  other  objedls  that  are  viewed  during  their  conti- 
liuance.  M,  Buffon  has  endeavoured  to  trace  the  con- 
iicdtion  between  thefe  accidental  colours,  and  thofe  that 
are  natural,  in  a variety  of  inftances.  M.  d’Arcy  con- 
trived a machine  for  meafuring  the  duration  of  thofe 
impreflious  on  the  eye  j and  from  the  refult  of  feveral 
trials  he  inferred,  that  the  effedf  of  the  adlion  of  light 
on  the  eye  continued  about  eight  thirds  of  a minute. 

ddie  lubjetl  has  alfo  been  confidered  by  M.  de  la 
Hire,  and  M,  Aepinus,  &c.  See  Mem.  Acad.  Paris 
1743,  2nd  1765;  Nov.  Com.  Petrop.  vol.  10  alfo  Dr. 
Prieilley’s  Hill,  of  Difeoveries  relating  to  Viiion, 
pa.  631. 

Accidental  Point,  in  Perfpedtive,  is  the  point  in 
which  a right  line  drawn  from  the  eye,  parallel  to  an- 
other right  line,  cuts  the  picture  or  perfpeftive  plane. 


Let  A B be  the  line  given  to  be  put  into  perfpedtive, 
C F D the  pifture  or  perfpedlive  plane,  and  E the  eye  : 
draw  E P parallel  to  A B ; fo  fhali  F be  the  accidental 
point  of  the  line  A B,  and  indeed  of  all  lines  parallel 
to  it,  fince  only  one  parallel  to  them,  namely  E F,  can 
be  drawn  from  the  fam.e  point  E ; and  in  the  accidental 
point  concur  or  meet  the  reprefentations  of  all  the  pa- 
rallels to  A B,  when  produced. 

It  is  called  the  accidental  point,  tq  diftinguidi  it 
from  the  principal  point,  or  point  of  viewy  wBere  a line 
drawn  from  the  eye  perpendicular  to  the  perfpedlive 
plane,  meets  this  plane,  and  which  is  the  accidental 
point  to  all  lines  that  are  perpen_iJicular  to  the  fame  plane. 

Accidental  Dignities,  and  Dehilities,  in  AJirology, 
are  certain  cafual  difpofitions,  and  affedlions,  of  the 
planets,  by  which  they  are  fuppofed  to  be  either 
ftrengthened,  or  weakened,  by  being  in  fuch  a houfe 
of  the  figure. 

ACCLIVITY,  the  dope  or  lleepnefs  of  a line  or 
plane  inclined  to  the  horizon,  taken  upwards  ; in  con- 
tradiftindlion  to  declivity,  which  is  taken  downwards. 
So  the  afeent  of  a hill,  is  an  acclivity  : the  defeent  of  the 
fame,  a declivity. 

Some  writers  on  fortification  ufe  acclivity  for  talus  : 
though  more  commonly  the  word  talus  is  ufed  to  denote 
the  Hope,  wFether  in  alcending  or  defeending. 

ACCOMPANYMENT,  in  Mujjc,  denotes  either 
the  different  parts  of  a piece  of  mulic  for  the  different 
inftruments,  or  the  inlfruments  themfelves  which  ac- 
company a voice,  to  fuffain  it,  as  wHl  as  to  make  the 
mufic  more  full. 

The  Accompanyment  is  ufed  in  recitative,  as  w^ell  as 
in  fong;  on  the  ffage,  as  well,  as  in  the  choir,  &:c.. 


The  ancients  had  llkewife  their  accompanyments 
on  the  theatre  ; and  they  had'  even  different  kinds  of 
inflruments  to  accompany  the  chorus,  from  thofe  which 
accompanied  the  adfors  in  the  recitation. 

The  accompanyment  among  the  moderns,  is  often  a 
different  part,  or  melody,  from  the  fong  it  accompanies. 
But  it  is  difputed  whether  it  was  fo  among  the  an- 
cients. 

Organifls  fometimes  apply  the  word  to  feveral  pipes 
w'hich  they  occafionally  touch  to  accompany  the  treble  ; 
as  the  drone,  the  flute,  &c. 

ACCOMPT.  See  Account. 

ACCORD,  according  to  the  modern  French  mufic, 
is  the  union  of  two  or  more  founds  heard  at  the  fame 
time,  and  forming  together  a regular  harmony. 

They  divide  Accords  mto  perfed  and  imperfeB ; and 
again  into  confonances  and  dijfonances , 

Accord  is  more  commonly  called  Concord,  which 
fee. 

Accord  is  alfo  fpoken  of  the  flate  of  an  inflrument, 
when  its  fixed  founds  have  among  themfelves  all  the 
juflnefs  that  they  ought  to  have. 

ACCOUNT,  or  Accompt,  in  Arithmetic,  8cc,  a 
calculation  or  computation  of  the  number  or  order  of 
certain  things  ; as  the  computation  of  time,  &c. 

There  are  various  ways  of  accounting  ; as,  by  enu- 
meration, or  telling  one  by  one  ; or  by  the  rules  of 
arithmetic,  addition,  fubtradlion,  &c. 

Account,  in  Chronology,  is  nearly  fynonymoiis  with 
flyle.  Thus,  we  fay  the  Englifh,  the  foreign,  the  Ju- 
lian, the  Gregorian,  the  Old,  or  the  New  account,  or 
ftyle. 

We  account  time  by  years,  months,  Icc ; the 
Greeks  accounted  it  by  olympiads  ; the  Romans,,  by 
indidtions,  luftres,  &c. 

Acherner,  or  Acharner,  in  Afironomy,  a ftar  of 
the  firfl  magnitude  in  the  fonthern  extremity  of  the 
conftellatlon  Eridanus,  marked  a.  by  Bayer.  Its  longi- 
tude for  1761,  X 11°  55^  i 2nd  latitude  fouth 
59°  lA  4". 

ACHILLES,  a name  given  by  the  fchools  to  the 
principal  argument  alleged  by  each  fedl  of  philofophers 
in  behalf  of  their  fyflem.  In  this  fenfe  we  lay  this  is 
his  Achilles ; that  is,  his  mafter-proof : alluding  to 
the  flrength  and  importance  of  the  hero  Achilles  among 
the  Greeks. 

Zeno’s  argument  againft  motion  is  peculiarly  termed 
Achilles.  That  philofopher  made  a comparifon  between 
the  fwiftnefs  of  Achilles, and  the  flowmefs  of  a tortoife, 
pretending  that  a very  fwift  animal  could  never  over- 
take a flow  one  that  was  before  it,  and  that  therefore 
there  is  no  fuch  thing  as  motion  : for,  laid  he,  if  the 
tortoife  were  one  mile  before  Achilles,  and  the  motion 
of  Achilles  100  times  fwifter  than  that  of  the  tortoife, 
yet  he  would  never  overtake  it ; and  for  this  reafon, 
namely,  that  while  Achilles  runs  over  the  mile,  the 
tortoife  will  creep  over  one  hiindiedth  part  of  a mile, 
and  will  be  fo  much  the  foremoft  ; again  w’hile  Achilles 
runs  over  this  j^^r^h  part,  the  tortoife  will  creep  over 
the  1 00th  part  of  that  y^^th  part,  and  will  hill  be  this 
laft  part  the  foremoil ; and  fo  on  continually,  according 
to  an  infinite  feries  of  looth  parts:  from  which  he 
concluded  that  the  fwifter  could  never  overtake  the 
flower  in  any  finite  time,  but  that  they  mull  go  on  ap- 
proaching 
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proacliing  to  infinity.  But  this  fophifm  lay  in  their 
confidering  as  an  inhnite  time,  the  fum  of  the  infinite 
feiies  of  fmall  times  in  which  Achilles  could  run  over 
the  infinite  feries  of  fpaces,  1 + + 

&c,  not  knowing  that  the  fum  of  this  infinite 
feries  is  equal  to  the  quantity  r-p-  of  a mile,  and  that 
therefore  Achilles  will  overtake  the  tortoife  when  the 
latter  has  crawled  over  pp-th  of  a mile. 

ACHROMATIC,  in  Optics^  wltliout  colour;  a 
terai  which,  it  feerns,  was  hril  ufed  by  M.  de  la  Lande, 
in  his  alironomy,  to  denote  telefcopes  of  a new  inven- 
tion, contrived  to  remedy  aberrations  and  colours.  See 
/Iberration  and  Telefcopc, 

Achromatic  Telkscope,  a fingular  fpecies  of  re- 
fradling  telefcope,  faid  to  be  invented  by  the  late  Mr. 
John  Dollond,  optician  to  the  king,  and  fince  Improved 
his  fon  Mr.  Peter  Dollond,  and  others. 

Every  ray  of  light  pafTing  obliquely  from  a rarer 
into  a denfer  medium,  changes  its  direftion  towards  the 
perpendicular  ; and  every  ray  pafling  obliquely  from  a 
denfer  into  a rarer  medium, changes  its  diredlion  from  the 
perpendicular.  This  bending  of  the  ray,  caufed  by  the 
change  of  its  direction,  is  called  its  rcfradlion  ; and 
the  quality  of  light  which  fubjecfs  it  to  this  refraction, 
is  called  its  refrangibillty.  Every  ray  of -light,  before 
it  is  refraCled,  is  white,  though  it  conhlls  of  a number 
of  component  rays,  each  of  which  is  of  a different  co- 
lour. As  foon  as  it  is  refracted,  it  is  feparated  into  its 
component  rays,  which,  from  that  time,  proceed  di- 
verging from  each  other,  like  rays  from  a centre  : and 
this  divergency  is  caufed  by  the  different  refrangibility 
of  the  component  rays,  in  fuch  fort,  that  the  more  the 
original  or  component  ray  is  refraCted,  the  more  will 
the  compound  rays  diverge  when  the  light  is  refraCled 
by  one  given  medium  only. 

From  hence  it  has  been  concluded,  that  any  two  dif- 
ferent mediums  that  can  be  made  to  produce  equal  re- 
fraCtlons,  will  neceffarily  produce  equal  divergencies  : 
whence  it  flioiild  alfo  follow,  that  equal  and  contrary 
refractions  fliould  not  only  deftroy  each  other,  but  that 
the  divergency  of  the  colours  caufed  by  one  refraCtion, 
ffiould  be  corrected  by  the  other  ; and  that  to  produce 
refraction  that  would  not  be  aff'eCted  by  the  different 
refrangibility  of  light,  is  impofiiblei 

But  Mr.  Dollond  has  proved,  by  many  experiments, 
that  thefe  conclufions  are  not  well  founded  ; from  which 
experiments  it  appeared,  that  a ray  of  light,  after  equal 
and  contrary  refractions,  was  ffill  fpread  into  compo- 
nent rays  differently  coloured  : in  other  words,  that 
two  different  mediums  may  caufe  equal  refraCtion,  but 
different  divergeucy  ; and  equal  divergency,  with  dif- 
ferent refraction.  It  follows  therefore  tliat  refraCtion 
may  be  produced,  which  is  not  affected  by  the  different 
refrangibility  of  Light.  In  other  words,  that,  if  the 
mediums  be  different,  different  refraCtions  may  be  pro- 
duced, though  at  the  fame  time  the  divergency  caufed 
by  one  refraCtion  (hall  be  exaCtly  counteracted  by  the 
divergency  caufed  by  llie  other  ; and  fo  an  objeCt  may 
be  feen  through  mediums  which,  togetlier,  caufe  the 
rays  to  converge,  without  appearing  of  different  colours. 

This  is  the  foundation  of  Mr.  I^ollond’s  improvement 
erf  refracting  telefcopes.  By  fubfequent  experiments  he 
fpimd,  that -different  forts  of  glafs  differed  greatly  in  their 
refractive  qualities,  with  refpeCt  to  the  divergency  of  co- 
lours. He  found  that  crown  glafs  caufes  the  leall  diver- 
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gency,  arid  white  flint  the  moil,  when  they  are  wrought, 
into  forms  that  produce,  equal  refraCtions.  Fie  ground  a 
piece  of  white  flint, glals  iiito  a wedge,  whofe -angle  was 
about  25  degrees  ; and  a piece  of  crown  glafs  to  another, 
whofe  angle  was  about  29  degrees;  and  thefe  he  found 
rcfraCFed  nearly  alike,  but  that  their  divergency  of 
colours  was  very  different. 

He  then  ground  feveral  other  pieces  of  crown  glafs 
to  wedges  of  different  angles,  till  he  got  one  that  was 
equal,  iu  the  divergerhcy  it  produced,  to  that  of  a wedge 
of  flint  glafs  of  2 5 degrees;  fo  that  when  they  were 
put  together,  in  fuch  a manner  as  to  refraCf  In  contrary 
directions,  the  refraCted  light  was  perfeCtly  free  from 
colour.  Then  meafurlng  the  fractions  of  each  wedge, 
he  found  that  that  of  the  white  flint  glals,  was  to  that 
of  the  crown  glafs,  nearly  as  two  to  three.  And  hence 
any  two  wedges,  made  of  thefe  two  fubltanccs,  and  in 
this  proportion,  would,  when  applied  together  fo  as  to 
refract  in  contrary  directions,  refraCt  the  light  without 
any  effecF  ariiing  from  the  different  refrangibility  of  the 
component  rays. 

Therefore,  to  make  two  fpherical  glaffeS  that  refraCl 
the  light  In  contrary  directions,  one  muff  be  concave, 
and  the  other  convex  ; and  as  the  rays,  after  pafling 
through  both,  muff  meet  in  a focus,  the  excels  of  the 
refraCtion  muff- be  in  the  convex  one  ; and  as  the  con- 
vex is  to  refraCt  moff.  It  appears  from  the  experiment 
that  It  muff  be  made  of  crown  glafs  ; and  as  the  con- 
cave is  to  refraCt  leaff,  it  muff  be  made  of  white  flint. 

And  ffirther,  as  the  relracdions  of  fpherical  glaffes 
arc  in  an  Inverfe  ratio  of  their  focal  diffances,  It  follows 
that  the  focal  diffances  of  the  two  glaffes  fhould  be  in 
the  ratio  of  the  refraCtions  of  the  wedges  ; for,  being 
thus  proportioned,  every  ray  of  light  that  paffes  through 
this  combined  glafs,  at  whatever  diffauce  from  its  axis, 
will  conffantly  be  refraCled  by  the  difference  between 
two  contrary  refractions,  in  the  proportion  required  ; 
and  therefore  the  effeCt  of  the  different  refrangibility 
of  light  will  be  prevented, 

The  removal  of  this  impediment,  however,  produced 
another:  for  tlie  ,two  glaffes,  which  were  thus  com- 
bined, being  fegments  of  very  deep  Ipheres,  the  aber- 
rations from  the  fpherical  fuHaces  became  fo  confider- 
able,  as  greatly  to  diffurb  the  dillinClnefs  of  the  image. 
Yet  confldering  that  the  furfaces  of  fpherical  glafles 
admit  of  great  variations,  though  the  /ocal  dillance  be 
limited,  and  that  by  thefe  variations  their  aberration 
might  be  made  more  or  lels  at  pleafiirc  ; Mr.  Dollond 
plainly  law  that  it  was  poffible  to  make  the  aberrating 
of  any  two  glaffes  equal  ; and  that,  as  In  this  cafe  the 
refradllons  of  the  two  glaffes  were  contrary  to  each 
other,  and  their  aberrations  being  equal,  thefe  would  • 
deffroy  each  other. 

Thus  he  obtained  a perfecl  theory  of  making  objeCf 
glaffes,  to  the  apertures  of  which  he  could  hardly  per-  ^ 
celve  any  limits  : for  if  tlie  praClicc  could  come  up  to 
the  theory,  tlicy  muff  admit  of  apertures  of  great  ex- 
tent, and  confequcnlly  bear  great  magnifying  powers. 

The  difficulties  of  the  praCfice  are,  however,  ffill, 
very  confiderable.  ITr  firff,  the  focal  diffances,  as, 
well  as  the  particular  furfapes,,  muff,be  prQpoi'tiogied 
with  the  utmoff  accuraev  to  the  deniitles  and  refratifing’ 
powers  of  the  glafles,  which  vary  even  in  the  fame  fort 
of  glafs,  when  made  at  different  limes.  Secondly, 
there  arc  four  furfaces  to  be  wrought  peifecfly  fpherieaU 
I'i  However, 
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However,  Mr.  Dollond  could  conftrudt  refradling  tele- 
fcopes  upon  thefe  principleay  with  fuch  apertures  and 
magnifying  powers,  under  limited  lengths,  as  greatly 
exceed  any  that  were  produced  before,  in  forming  the 
images  of  objedfs  bright,  diftindf,  and  unhifedfed  wdth 
colours  about  the  edges,  through  the  whole  extent  of  a 
very  large  field  or  compafs  of  view  ; of  which  he  has 
given  abundant  and  undeniable  teftimony.  See  Tele- 
scope. 

There  has  lately  appeared  in  the  Gentleman’s  Maga- 
zine ( 1 790,  pa.  890)  a paper  on  the  refradfing  tele- 
feope,  by  an  author  who  hgnsTer/Vwj-,  in  which  the 
invention  fs  aferibed  to  another  perfon,  not  heretofore 
mentioned  ; in  thefe  words  : “ As  the  invention  has 
been  claimed  by  M.  Euler,  M.  Klingenftrerna,  and 
fome  other  foreigners,  we  ought,  for  the  honour  of 
England,  to  affert  our  right,  and  give  the  merit  of  the 
difeovery  to  whom  it  is  due  ; and  therefore,  without 
farther  preface,  I fhall  obferve,  that  the  inventor  was 
Cheher  More  Hall,  Efq.  of  More-hall,  in  Eifex,  who, 
about  1729,  as  appears  by  his  papers,  confidering  the 
different  humours  of  the  eye,  imagined  they  were 
placed  fo  as  to  corredl  the  different  refrangibility  of 
light.  He  then  conceived,  that  if  he  could  find  fub- 
ftances  having  fuch  properties  as  he  fuppofed  thefe  hu- 
mours might  poffefs,  he  fhould  be  enabled  to  conftrucl 
an  objeef  glafs  that  would  fhew  objects  colourlefs. 
After  many  experiments  he  had  the  good  fortune  to 
find  thofe  properties  in  two  different  forts  of  glafs,  and 
making  them  dlfperfe  the  rays  of  light  in  different  di- 
redfions,  he  fuc'ceeded.  About  1733  he  completed  fe- 
veral  achromatic  objedb  glaffes  (though  he  did  not  give 
them  this  name),  that  bore  an  aperture  of  more  than 
2-^  inches,  though  the  focal  length  did  not  exceed  20 
inches;  one  of  which  is  now  in  the  poffeffion  of  the 
Rev.  My.  Smith,  of  Charlotte  Street,  Rathbone  Place. 

This  glafs  has  been  examined  by  feveral  gentlemen 
of  eminence  and  fcientific  abilities,  and  found  to  pof- 
fefs the  properties  of  the  prefent  achromatic  glaffes. 

Mr.  Half  ufed  to  employ  the  working  opticians  to 
grind  his-  lenfes  ; at  the  fame  time  he  finifhed  them 
with  the  radii  of  the  furfaces,  not  only  to  corredf  the 
different  refrangibility  of  rays,  but  alfo  the  aberration 
ariling  from  the  fpherical  figure  of  the  lenfes.  Old  Mr. 
Bafs,  who  at  that  time  lived  in  Bridewell  preeindl,  was 
one  of  thefe  working  opticians,  from  whom  Mr.  Hall’s 
invention  feems  to  have  been  obtained. 

In  the  trial  at  Weftminfier-hall  about  the  patent  for 
making  achromatic  telefcopes,  Mr.  Hall  was  allowed 
to  be  the  inventor;  but  Lord  Mansfield  obferved,  that 

It  was  not  the  perfon  that  locked  up  his  invention  in 
his  ferutoire  that  ought  to  profit  by  a patent  for  fuch 
an  invention,  but  he  who  brought  it  forth  for  the  bene- 
fit of  the  public.”  This,  perhaps^  might  be  faid  with 
fome  degree  of  jufliee,  as  Mr.  Hall  was  a gentleman 
of  property,  and  did  not  look  to  any  pecuniary  advan- 
tage from  his  difeovery  ; and,  Gonfequently,  it  is  very 
probable  that  he  might  not  have  an  intention  to  make 
jt  generally  known  at  that  time. 

That  Mr.  Ayfcoiigh,  optician  on  Ludgate  Hill, 
was  in  pcffeflion  of  one  of  Mr.  Hall’s  achromatic  tele- 
fcopes in,  1 754,  is  a fadl  which  at  this  time  will  not  be 
difputed.” 

ACHRONICAL,  ovAchronycaL  See  Acronychal, 


ACOUSTICS.  This  term,  in  phyfico-mathematica! 
meaning,  fignifies  the  dodirine  of  hearing,  and  the  art 
of  allifting  that  fenfe  by  means  of  fpeaking  trumpets, 
hearing  trumpets,  whifpering  galleries,  and  fuch  like. 
See  Stentrop HONTC  Tube, 

Sturmius,  in  his  Elements  of  Univerfal  Mechanics, 
treating  of  Acoufiics,  after  examining  into  the  nature 
of  founds,  deferibe^  the  feveral  parts  of  the  external 
and  internal  ear,  and  their  feveral  ufes  and  connexions 
with  each  other ; and  from  thence  deduces  the  mecha- 
nlfm  of  hearing  ; and  lailly,  he  treats  of  the  means  of 
adding  an  intenfity  of  force  to  the  voiee  and  other 
founds  ; and  explains  the  natime  of  echoes,  otacouftic 
tubes,  and  fpeaking  trumpets.  See  Soui^d,  Ear, Voice, 
and  Echo. 

Dr.  Hook,  in  the  preface  to  his  Micrography,  afferts- 
that  the  low^eft  whifper,  by  certain  means,  may  be 
heard  at  the  dlllance  of  a furlong  ; and  that  he  knew  a 
way  by  which  it  is  eaf)  to  hear  any  one  fpeak  through 
a wall  of  three  feet  thick  ; alfo  that  by  means  of  an  ex- 
tended wire,  found  may  be  conveyed  to>  a very  grea^ 
diliance,  almoft  in  an  inllant.- 

ACRE,  from  the  Saxon  or  German  acher^  a 
of  the  Latin  ager^  It  is  a meafure  of  land,  containing,* 
by  the  ordinance  for  meafuring  land,  made  in  the  33d' 
and  34th  of  Edward  I,  160  perches  or  fquare  poles  of 
land  ; that  is,  16  In  length  and  10  in  breadth,  or  in  that 
proportion  : and  as  the  ftatute  length  of  a pole  is 
yards,  or  16^  feet,  therefore  the  acre  will  contain  4840 
fquare  yards,  or  43560  fquare  feet.  The  chain  with^ 
which  land  is  comnionly  meafiired,  and  which  was  in- 
vented by  Gunter,  is  4 poles  or  22  yards  in  length  ; 
and  therefore  the  acre  is  juft  lo  fquare  chains-:  that  is, 
10  chains  in  lengtii  and  one  in  breadth,  or  in  that  pro- 
portion. Farther,  as  a mile  contains  1760  yards,  or 
80  chains  in  length,  therefore  the  fquare  mile  contains 
640  acres. 

The  acre,-  in  furveying,  is  divided  into  4 roods,  and' 
the  rood  is  40  perches. 

The  Fi'ench  acre,  arpentyis  equal  to  i“  Englifh  acre  5 - 

The  Stralbiirg  cronta-ins  about  f an  Euglifh  acre; 

The  Welch  acre  contains  about  2 Engliih  acres ; 

The  Irifh  acre  contains  1 ac.  2 r.  19x^1- p*  Englifli; 

Sir  William  Petty,  in  his  Political  Arithmetic, 
reckons  that  England  contains  39  million  acres  : 
but  Dr.  Greve  ftiews,  in  the  Phiiof.  Tranf.  33^^? 
that  England  contains  not  lefs  than  46  million  acres. 
Whence  he  infers  that  PIngland  is  above  46  times  as 
large  as  the  province  of  Holland,-  which  it  is  faid  con- 
tains but  about  one  million  of  acres. 

By  a ftatute  of  the  51ft  of  Elizabeth,  it  is  ordained,, 
that  if  any  man  eredt  a cottage,  he  lhall  annex  four 
acres  of  land  to  it. 

ACRONYCHAL,  or  A crony  cal,  in  Ajlronomyy 
is  faid  of  a ftar  or  planet,  when  it  is  cppofite  to  the 
fun.  It  is  from  the  Greek  the  point  or  ex- 

tremity of  night,  becaufe  the  ft-ar  rofe  at  fun-fet,  or  the 
beginning  of  night,  and  fet  at  fun-rife,  or  the  end  of 
night  ; and  fo  it  fiione  all  the  night. 

The  acronyehal  is  one  of  the  three  Greek  poetic 
rifings  and  fettings  of  the  ftars  ; and  Hands  diftinguifti- 
ed  from  Cofmreal  and  Heliacal.  And  by  means  of 
wEieh,  for  want  of  accurate  inftruments,  and  other  ob- 
fervations,  they  might  regulate  the  length  of  their  year. 

ACROTERIA, 
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ACROTERTA,  or  Acroters,  in  ArclnteSurc^  fmall 
^edeftals,  ufually  \vithoi?f  bafes,  placed  on  pedin:ieuts, 
and  ferving  to  ruj)port  llatues. 

Thofe  at  the  extremities  ought  to  be  half  the  height 
of  the  tympanum  ; and  that  in  the  middle,  according 
to  Vitruvius,  one  eighth  part  more. 

Acroteria  alfo  are  fometimes  ufed  to  fignify 
figures,  whether  of  hone  or  metal,  placed  as  orna- 
ments or  crownings,  on  the  tops  of  temples,  or  other 
■buildings. 

It  is  alfo  fometimes  ufed  to  denote  thofe  fliarp  pina- 
,cles  or  fpiry  battlements,  that  Hand  in  ranges  about 
iiat  buildings,  with  rails  and  bahdlres. 

ACTION,  in  Mechanics  or  Phyfia,  a term  ufed  to 
denote,  fometimes  the  efl'oit  which  fome  body  or  power 
exerts  againft  another  body  or  power,  and  lometimes 
it  denotes  the  effecls  refulting  from  fnch  effort. 

The  Cartefians  refolve  all  phydcal  action  into  meta- 
phyfical.  Bodies,  according  to  them,  do  not  adt  on  one 
.another;  the  adlion  comes  all  immediately  from  the 
Deity  ; the  motions  of  bodies,  which  feem  to  he  the 
caufe,  being  only  the  occafions  of  it. 

It  is  one  of  the  laws  of  nature,  that  aftlon  and  re- 
ndtion  are  always  equal,  and  contrary  to  each  other 
in  their  directions. 

Adlion  is  either  inftantaneous  or  continued  ; that  is, 
either  by  collition  or  percuffion,  or  by  preilhre.  Tlicfe 
two  foiTs  of  adlion  are  heterogeneous  quantities,  and 
ai'e  not  comparable,  the  fmallell  adlioii  bv  percuffion 
exceeding  . the  greated  adlion  of  preffiire,  as  the  fmallcII 
furface  exceeds  the  longed:  line,  or  as  the  fmallell  folid 
.exceed?  the  larged;  furface:  thus,  a man  by  a fmall 
blow  with  a hammer,  will  drive  a wedge  below  the 
greated:  fhip  on  the  docks,  or  under  any  other  weight  ; 
.that  is,  the  fmalled  percuffion  overcomes  the  prelfure 
of  the  greated  weight.  Thefe  adlions  then  cannot  be 
jneafured  the  one  by  the  other,  but  each  mud  have  a 
meafiire  of  its  own  kind,  like  as  folids  mud  be  mca- 
fuicd  by  folids,  and  furfaces  by  furfaces  ; time  being 
concerned  in  the  one,  hut  not  in  the  other. 

If  a body  be  urged  at  the  fame  time  by  equal  and 
contrary  adiioris,  it  will  remain  at  red.  But  if  one  of 
thefe  actions  be  greater  than  its  oppofite,  motion  will 
enfue  towards  the  part  lead  urged. 

The  adtions  of  bodies  upon  each  other,  in  a fpace 
that  is  carried  uniformly  forward,  are  the  fame  as  if 
the  fpace  were  at  red  ; and  any  powers  or  forces  that 
^ net  upon  all  bodies,  fo  as  to  produce  equal  velocities  in 
them  in  the  fame,  or  in  parallel  right  lines,  have  no 
effeft  on  their  mutual  adlions,  or  relative  motions. 
Thus  the  motion  of  bodies  on  board  of  a fhip  that  Is 
carried  uniformly  forward,  are  performed  in  the  fame* 
manner  as  if  the  flip  was  at  red.  And  the  motion  of 
the  earth  about  its  axis  has  no  effedt  on  the  adtions  of 
bodies  and  agents  at  Its  furface,  except  in  fo  far  as  it 
is  not  uniform  and  redtillneal.  In  general,  the  adtions 
of  bodies  upon  each  other,  depend  nut  on  their  abfo- 
lute,  but  relative  motion. 

^antity  of  Action,  in  Mechanics,  a name  given 
^by  M.de  Maupertuis,  in  the  IVlemoirs  of  the  Academy' 

■of  Sciences  of  Paris  for  1744,  and  in  thofe  of  Berlin 
for  174^?  continual  produdl  of  tlie  mafs  of  a 

body,  by  the  fpace  which  it  runs  through,  and  by  its 
celerity.  He  kiys  it  down  as  a general  law,  that  in  the 
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changes  made  in  the  date  of  a body,  the  qiiandty  of 
adlion  necedary  to  produce  fuch  change  Is  the  lead  pMii- 
ble.  This  principle  he  applies  to  the  invedigacion  of 
the  laws  of  refraction,  and  even  the  laws  of  red,  as  he 
calls  them  ; that  Is,  of  tiiC  equilibrium  or'equipollencV 
of  prcdiires ; and  even  to  the  modes  of  adling  of  the 
Supreme  Being.  In  tills  way  Maupertuis  attempts 
to  connedt  the  metaphyfics  of  final  canfes  with  the 
fundamental  truths  of  mechanics ; to  fiiew  the  de- 
pendence of  the  colllfion  of  both  eladic  and  hard 
bodies,  upon  one  and  the  fame  law,  which  before  had 
always  been  referred  to  feparate  laws  ; and  to  reduce 
the  laws  of  motion,  and  thofe  of  equilibrium,  to  one 
and  the  fame  principle. 

But  this  quantity  of  motion,  of  IMauperttiis,  which 
Is  defined  to  be  the  produdl  of  the  mafs,  the  fpace 
pa  fled  over,  and  the  celerity,  comes  to  the  fame  thing 
as  the  mafs  multiplied  by'  the  fquare  of  the  velocity, 
when  the  fpace  paffed  over  is  equal  to  that  by  which 
the  velocity  Is  meafured  ; and  io  the  quantity  of  force 
will  be  proportional  to  the  mafs  multiplied  by  the 
fquaie  of  the  velocity'  ; Imce  the  fpace  is  meafured  by 
the  velocity  continued  for  a certain  time. 

In  the  fame  year  that  Maupertuis  communicated  the 
idea  of  his  principle,  profedbr  Euler,  in  the  fupplement 
to  his  book,  intitled  Alethodus  invernendi  linsas  curvas 
wax/mi  ‘i>e/  tnitilmi  pvupnetate  gaudentes^  demondrates, 
tiiat  in  the  trajedlories  which  bodies  deferihe  by' central 
forces,  the  velocity  multiplied  by  what  the  foreign  ma* 
thenuticians  call  tlie  element  of  the  curve,  always 
makes  a minimum  : which  Maupertuis  confidercd  as 
an  application  of  his  principle  to  the  motion  of  the 
planets. 

It  appears  from  Maupertuis’s  Memoir  of  1744,  that 
it  was  his  rededllons  on  the  laws  of  refractions,  tiiat  led 
him  to  the  theorem  above  mentioned.  The  principle 
which  Termat,  and  after  him  Leibnitz,  made  ufe  of, 
in  accounting  for  the  laws  of  refradlion,  Is  fufficlently 
known.  Thofe  mathematicians  pretended,  that  a par- 
ticle of  light,  in  its  paffage  from  one  point  to  another, 
through  two  mediums,  in  each  of  which  it  moves  with 
a different  velocity,  mud  do  it  in  the  fhorted  time  pof- 
fible  : and  from  this  principle  they  have  demondrated 
geometrically,  that  the  particle  cannot  go  from  the  one 
point  to  the  other  in  a right  line  ; but  being'  arrived  at 
the  furface  that  feparates  the  two  mediums,  It  mud 
alter  its  diredlion  in  fuch  a manner,  that  the  fine  of 
its  incidence*  diall  be  to  the  fine  of  Its  rcfracllon,  as 
Its  velocity  in  the  fird  medium  Is  to  Its  velocity  In 
the  fecond  : whence  they  deduced  the  well  known  law 
of  the  condant  ratio  of  thofe  fines. 

This  explanation,  though  very  ingenious,  Is  liable 
to  this  prefl'mg  difficulty',  namely,  that  the  particle 
mud  approach  towards  the  perpendicular,  in  that  me- 
dium where  its  velocity  is  the  lead,  and  which  confe- 
quently  refills  It  the  mod  ; which  feems  contrary  to 
all  the  mechanical  explanations  of  the  refradlion  of 
bodies,  that  have  hitherto  been  advanced,  and  of  the 
refradlion  of  light  in  particular. 

Sir  Ifaac  Newton’s  way  of  accounting  for  it,  is  the 
mod  fatisfadtory  of  any  that  has  hitherto  been  offered, 
and  gives  a clear  reafon  for  the  condant  ratio  of  the 
Tines,  by  aferibing  the  refradlion  to  the  attradllve  force 
of  the  mediums ; from  which  it  follow's,  that  the  denfelt 
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mediums,  whofe  attraftlon  is  die  ftrongeft,  fhonld 
catife  the  ray  to  approach  the  perpendicular  ; a fadl 
confirmed  by  experiment.  But  the  attraction  of  the 
medium  could  not  caufe  the  ray  to  approach  towards 
the  perpendiculaiv  without  increafifig  its  velocity  ; as 
may  ealily  be  demonftrated.  Thus  then,  according  to 
BTewton,  the  refraction  mull  be  torvards  the  perpen- 
dicular, when  the  velocity  is  iacreafed : contrary  to 
the  law  of  Fermat  and  Leibnit2^. 

Maupertuis  has  attempted  to  reconcile  Newton’s 
explanation  with  metaphyfical  principles.  Infliead  of 
fuppofing,  as  the  aforefaid  gentlemen  do,  that  a par- 
ticle of  light  proceeds  from  one  point  to  another  in 
the  fiiorteil  time  poflible  ; he  contends  that  a particle 
of  light  paffes  from  one  point  to  another  in  fuch  a 
manner,  that  the  quantity  of  addon  lliall  be  the  lead; 
pofTible,  This  quantity  of  acTion,  fays  he,  Is  a real 
cxpcnee,  in  which  nature  is  alway^s  fru  gal.  In  virtue 
of  this  philofophical  principle  he  difcxivers,  that  not 
only  the  fines  are  in  a confiant  ratio,  but  alfo  that  they 
are  in  the  inverfe  ratio  of  the  velocities,  according  to 
Newton’s  explanation,  and  not  in  the  direcT  ratio,  as 
had  been  pretended  by  Fermat  and  Leibnitz. 

It  is  remarkable  that,  of  the  many  philofophers  who 
have  written  on  refraction,  none  fhould  have  fallen 
upon  fo  fimple  a manner  of  reconciling  metaphyfics 
with  mechanics  : fince  no  more  is  neceifary  to  that, 
than  making  a fmall  alteration  in  the  calculus  founded 
upon  Fermat’s  principle.  Now  according  to  that 
principle,  the  time,  that  is,  the  fpace  divided  by  the 
velocity,  fhould  be  a minimum  ; fo  that  calling  the 
fpace  run  through  in  the  firft  medium  S,  with  the 
velocity  V,  and  the  fpace  run  through  in  the  fecond 
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a minimum  ; that  Is  to  fay,  — -f 
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Now  it  is.  eafy  to.  perceive,  that  the  fines*  of  Iiici- 

denee  and  refraddon  are  to  each  other,  as  Sto~j; 
whence  it  follows,  that  thofe  fines  are  in  the  diredf 
ratio  of  the  velocities  V,  v which  is  exadlly  what 
Fermat  makes  it  to  be.  But  in  order  to  have  thole 

fines  to  be  in  the  inverfe  ratio  of  the  velocities,  it  Is 
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‘Only  fuppofing  VS  + vs  ~ oi  which  gives  S V -f* 
j Ty  or  S X V -f  X ”1?  a minimum  ; which  is  Mauper- 
tuls’s  principle. 

In  the  Memoirs  of  the  Academy  of  Berlin,  above 
cited,  may  be  feen  all  the  other  applications  which 
Maupertuis  has  made  of  thss  principle.  And  whatever 
may  be  determined  as  to  his  metaphyfical  bafis  of  it,  as 
ivlfo  to  the  idea  he  has  annexed  to  the  quantity  of  ac- 
tion, it  will  dill  hold  good,  that  the  product  of  the 
fpace  bv  the  velocity  is  a minimum  in  fome  of  the 
mod  general  laws  of  n^jture. 

ACTIVE,  the  quality  of  an  agent,  o.r  of  communi- 
cating motion  or  adtion  to  fome  body.  In  this  fenfe 
the  word  Hands  oppofed  to  palfive  i thus  we  fay  an 
adtive  ca.ufe,  adtive  principle,  dec. 

Sir  Ifaac  Newton  fiiews.  that  the  quantity  of  motion 
jn  the  world  mull  be  always  decreafing,  in  confequeiice 
‘©f  .the  vis  xnertitE,  &c.  So  that  there  is  a nccelTity  for 


certain  adllve  principles  to  recruit  it : fuch  he  takes  the 
caufe  of  gravity  to  be,  and  th^  caufe  of  fermentation  j 
adding,  that  we  fee  but  little  motion  in  the  univerfe^ 
except  what  is  owing  to  thefe  adfive  principles. 

ACTIVITY,  the  virtue  or  faculty  of  addng.  As 
the  adlivlty  of  an  acid,  a polfon,  &c  ; the  adfivlty  of 
fire  exceeds  all  imagination. 

According  to  Sir  Ifaac  Newton,  bodies  derive  their* 
adtivity  from  the  principle  of  attradflon. 

Sphere  of  Activity,  is  the  fpace  which  fnrround^ 
a body,  as  far  as  its  efficacy  or  virtue  extends  to  pro- 
duce any  fenfible  effedf.  Thus  we  fay,  the  fphere  of 
adlivity  of  a loaddone,  of  an  eledlric  body,*  &c. 

ACUBENE,  in  AJhonomy^  the  Ambic  name  of  a 
dar  of  the  fourth  magnitude,  in  tire  fouthern  claw  of 
Cancer,  marked  oj  by  Bayer,  Its  longitude  for  1761, 
db  10°  18^  foutli  latitude  5®  f 56'''. 

ACUTE,  or  fharp  ; a term  oppofed  to  obtufe. 
Thus,  Acute  /Ingle,  in  Geometry,  is  that  wdiich  is  lefs 
than  a right  angle  ; and  is  mcafured  by  kfs  than  90% 
or  by  lefs  than  a quadrant  of  a circle.  As  the  angle  .. 
ABC. 


Acute  angled  Triangle,  is  that  whofe  three  angles 
are  all  acute  ; and  is  otherwife  called  an  oxygenous 
triangle.  As  the  triangle  DEE. 

AcvTB.-angkd  Cone,  is  that  whofe  oppofite  fides 
make  an  acute  angle  at  the  vertex,  or  whofe  axis,  in  a 
right  cone,  makes  lefs  than  half  a right  angle  with  the 
fide  As  the  cone  G H I. 

Pappus,  in  his  Mathematical  Colledfions,  fays,  this, 
name  was  given  to  fuch  a cone  by  Euclid  and  the  an- 
cients, before  the  time  of  Apollonius.  And  they 
called  an 

AcxJTTL^angled  Section  of  a Cone,  an  Ellipfis,  which 
was  made  by  a plane  cutting  both  fides  of  an  acute- 
anirled  cone  : not  knowing  tliat  fuch  a fedlion  could 
be"generated  from  any  cone  whatever,  till  it  was  ffiewn. 
by  Apollonius. 

- Acute,  in-  Mufic,  is  underftood  of  a tone,  or  found,, 
wbieh  is  high,  (harp,  or  fiirill,.  in  refpedl  of  fome  other: 
in  which  fenfe  the  word  Hands  oppofed  to  grave.  And 
both  thefe  founds  are  independent  of  loudiicfs  or  force: 
fo  that  the  tone  may  be  acute  or  high,,  without  being 
loud;  and  loud  v^^ithout  being  high  or  acute.  For 
both  the  affedfions  of  acute  ajnd  grave,  depend  intlrely 
on  the  quick nefs  or  fiownefs  of  the  vibrations  by  which 
they  are  produced. 

Sourrds  con.fidered  as-  grave  and  acute,  that  is,  in  the 
relation  of  gravity  and  acutenefs,  conHitute  what  i& 
called  tune,  the  foundation  of  all  harmony. 

ADAGIO,  in  Mufic,  one  of  the  terms  uHT  by  the 
Italians  to  exprefs  a degree  or  diftindlion  of  time. 

Adagio  denotes  the  fioweH  time  except  grave. 

Sometimes  the  w^ord  is  repeated,  as  adagio,  adagio, 
tQ  denote  a Hill  flower  time  than  tlxe  former. 

Adagia 
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Adagio  alfo  fignifies  a flow  movement,  when  ufed 
fubftantively. 

ADAMAS,  in  Aflrology^  a name  given  to  the  moon. 

ADAR,  in  the  Hebrew  Chronology^  is  the  6th  month 
of  their  civil  year,  but  the  i 2th  of  their  ecclefiahical 
year.  It  contains  only  29  days  ; and  it  anfvvers  to  our 
February;  but  fometimes  entering  into  the  month  of 
March,  according  to  the  courfe  of  the  moon. 

ADDITION,  the  uniting  or  joining  of  two  or  more 
things  together ; or  the  finding  of  one  quantity  equal 
to  two  or  more  others  taken  together. 

Addition,  in  Arithmetic^  is  the  firft  of  the  four  fun- 
damental rules  or  operations  of  that  fcience  ; and  it 
confifis  in  finding  a number  equal  to  feveral  others 
taken  together,  or  in  finding  the  moll  fimple  exprefiiou 
of  a number  accordinsf  to  the  ellnblilhed  notation.  The 
quantity  fo  found  equal  to  feveral  others  taken  toge- 
ther, is  named  their  fum. 

The  figu  or  charadler  of  addition  is  -\-y  and  is  called 
plus.  This  charadler  is  fet  between  the  quantities  to 


be  added,  to  denote  their  fum  : thus,  3 -f-  6 = 9,  that 
is,  3 plus  6 are  equal  to  9;  and  2 q-  4 + 6 rr  1 2, 
that  is,  2 plus  4 plus  6 are  equal  to  12. 

Simple  numbers  are  either  added  as  above  ; 6 

or  elfe  by  placing  them  under  one  another,  as  4 
in  the  margin,  and  adding  them  together,  one  2. 
after  another,  beginning  at  the  bottom  ; thus  z — 
and  4 make  6,  and  6 make  12.  . 12 


Compound  numbers,  or  numbers  confifting  of  more 
figures  than  one,  are  added,  by  firll  ranging  the  num- 
bers in  columns  under  each  other,  placing  always  the 
numbers  of  the  fame  denomination  under  each  other, 
that  is,  units  under  units,  tens  under  tens,  and  fo  on  ; 
and  then  adding  up  each  column  feparately,  beginning 
at  the  right  hand,  fetting  down  the  fum  of  each  column 
below  it,  unlefs  it  amount  to  ten  or  forae  number  of 
tens,  and  in  that  cafe  fetting  down  only  the  overplus, 
and  carrying  one  for  each  ten  to  the  next  column. 
Thus,  to  add  451  and  326, 

that  is  I 400  -b  50  + I 
326  J \ 3C0  -b  20  -b  6 

Sum  777  = 700  + 70  4-  7 


Alfo  to  add  the  numbers  329  + T562  329 

+ 20317  T 712048  ; fet  them  down  as  1562 

in  the  margin,  and  beginning  at  the  lowelt  20347 
number  on  the  right  hand,  fay  8 and  7 712048 

make  15,  and -2  make  17,  and  9 make  

26  ; fet  down  6,  and  carry  2 to  the  next  734286 

column,  faying  2 and  4 make  6,  and  4 

make  10,  and  6 make  16,  and  2 make  26 

18  ; fet  down  8,  and  carry  1,  faying  i and  16 

3 make  4,  and  5 make  9,  and  3 make  12  ; ii 

fet  down  2,  and  carry  i,  faying  1 and  2 3 « 

make  3,  and  i make  4,  which  fet  down  ; 3 

then  I and  2 make  3 ; and  7 is  7 to  fet  7 

down  : fo  the  fum  of  all  together  is  — 

734286.  Or  it  is  the  fame  as  the  fums  734286 

of  the  columns  fet  under  one  another,  as  — ■ 


in  the  marginj  and  then  thefe  added  up  in  the  fame 
manner. 


■9  ] 

When  a great  number  of  feparate  fums  or  numbers 
are  to  be  added,  as  in  long  accounts,  it  is  eafier  to 
break  or  feparate  them  into  two  or  more  parcels,  which 
are  added  up  feverally,  and  then  their  fums  added  to- 
gether for  the  total  fum.  And  thus  alfo  the  truth  of 
the  addition  may  be  proved,  by  dividing  the  numbers 
into  parcels  different  ways,  as  the  totals  muh  be  the 
fame  in  both  cafes  when  the  operation  is  right’. 

Another  method  of  proving  addition  was  given  by 
Dr.  Wallis,  in  his  Arithmetic,  publifhed  163-7,  by  call- 
ing out  the  nines,  which  method  of  proof  extends  alfo- 
to  the  other  rules  of  arithmetic.  The  method  is  this  : 
add  the  figures  of  each  line  of  numbers  together  fe- 
verally, calling  out  always  9 from  the  fums  as  they 
arife  in  fo  adding,  adding  the  overplus  to  the  next 
figure,  and  fetting  at  the  end  of  each  line  what  is  over 
the  nine  or  nines  ; then  do  the  fame  by  the  fum-total, 
as  alfo  by  the  former  excefl'es  of  9,  fo  lhall  the  lad  ex- 
cefles  be  equal  when- the  work  is  right.  So  the  former, 
example  will  be  proved  as  below  : 


329 

1562 

^ 5. 

'-U-, 

2^347 

0 7 

7 1 2048 

X 

734286 

^ 3 

When  the  numbers  are  of  different  denominations; 
as  pounds,  fliillings,  and  pence ; or  yards,  feet,  and 
inches  ; place  the  numbers  of  the  fame  kind  under  one 
another,  as  pence  under  pence,  fhillings  under  (hillings, - 
&c ; then  add  each  column  feparately,  and  carry  the 
overplus  as  before,  from  one  column  to  another.  As 


follow 

ing  examples  : 

I. 

s. 

d. 

Yards. 

Feet. 

Inches. 

271 

12 

3 

27  I 

10 

3 

94 

H 

r 

36 

2 

7 

42 

5 

10 

14 

2 

3 

408 

1 2 

8 fums 

323 

0 

3 

Addition'  of  Decimals,  is  performed  in  the  fam-e 
manner  as  that  of  whole  numbers,  placing  the  numbers 
of  the  fame  denomination  under  each  other,  in  which 
cafe  the  decimal  feparating  points  will  range  flralght 
in  one  column  ; as  in  this  example,  to  add  together 
thefe  numbers  371 '0496  4-  25*2 13  4~  1*7^4  4"  924’6i 
-f  *0962. 

371-0496 

23-213 

1-704 

924-61 

-0962 


The  fum  1322*6728 


Addition  of  Vulgar  FraVions,  is  performed  by 
bringing  all  the  prDpofed  fradllons  to  a common  deno- 
minator, if  they  have  different  ones,  which  is  an  indlf- 
peufabh:  preparation  ; then  adding  all  the  numerators 

2 together^ 
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tog'etbcr,  ari^l  placing  t'lieir  fum  over  the  common 
nominator  for  the  fum  total  reouired. 
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So  1 - 

h f 

11 

. And  4 

1 

T 

2,  -L  2.  — 1 

» 5 ~ 5 

— 

It- 

Atid  ]- 

4- 

f 

~ 

if  i — 

■ / 

■ ? 

— Jh 

And  ^ 

4- 

J 

of 

4 ,1  T 

■2 

r - 

t 

3 • 

And  ^ 

of 

i 

4 

T 

5'  of  5 = 

• a 

,10  — 

"T  3 — . T4 

4“ 

« 0 

2 4* 

? = 3 

I 7 
^ *4’ 
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tlie  addition 

of 

in- 
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is  performed  by  connecting  the  quantities  together  by 
their  proper  figns,  and  uniting  or  reducing  luch  as  are 
fufceptible  of  it,  namely  hmilar  quantities,  by  adding 
their  co-efficients  together  if  the  figns  are  the  fame,  but 
fubtradti'ng  them  when  different.  Thus  the  quantity 
a added  to  the  quantity  makes  ^ and  a joined 

with  — by  makes  a~h\  alfo  — a and  — make—rx  — 
and  3 rz  and  .5:  make  3^2  + 5 <7  or  % a,  by  uniting 
the  hmilar  numbers  3 and  5 to  make  8. 

Thus  alio  -fi  zhc  — 4 d^b  + 

added  to  2 d — 2 be  -{  3 d*  2 


makes  - 5 


a 


o 


(f-b  4*  3 


^ _ 4-7  za  Gd  la 

Alfo  Z-  -4  ; 

36-  3c  c 

and  -4  ^A/ac  — l l j^/ae  ~ G^a^/uc; 

and  4-  b^ac  — a+b  a/ ac  orf'<7  4-'^y^  \/ae  f 

and  5 A^/a^  — x^  + 7 \/ ~ — 12  a^/ d^  — ; 

and  6^/3  4-  4^/3 -2^/3  = 8>/3  ; 

a^nd  7 '^a  a,/ 2^  . 


a 


■X 


n ■dr  ^ 


^ -4  A" 


.%aAjax  YGcJax  '6a  4-  \Gc aJ ax 
and  — Z — . 4-  ' 'V 


and 


a 4-  2c 

'^GX 


(X  d"  2 c 

^ax 


6ax 


a d-  2c 
/\.ax 


8 A 


ax 


2c  2C  2C  C 

and  — — h a/ X ~ — (a  4-  b)  a/ x "y 

and  4-  3 — 2 rz  I ; and  --  3 4-  2 = — l ; 

^jGx  d^ax  "jacx  ^abx 

be 


and 


c 


he 


(r-Aij 


ax 

A' 


In  tlie  addition  of  furd  or  irrational  quantities,  they 
mud  be  reduced  to  the  fame  denomination,  or  to  the 
fame  radical,  if  that  can  be  done  ; then  add  or  unite 
the  rational  parts,  and  fubjoin  the  common  furd. 
Otherwife  connect  them  with  their  own  lAns. 

O 


So  ^8  4-  a/ 16  — A/d  X 2 4-  \/9  X 2 cz:  2^2 

d-  3\/2  = 5v/2  = >/5“ ; 

and  a/ 1 2 4-  ^/ly  " -v/4  X 3 + Ay  X 3 = 2^3 

+ 3\/3  “ S\/b  - v^75; 

and  + VJS  = X 2 4-  A^S  X 322:5^/2 

;h  5v^3  = (v/2  4-  A3)  5; 

but. of  A^5  A^  fet  down  A3  "h  A^» 

becaufe  tht  terms  are  incomnienfurable,  and  not  redu- 
cible to  a common  furd. 

Addition  oJ  Logarilh^ns*  See  Logarithms. 


Addition  of  Ratios^  the  fame  axS  compontion  of 
ratios  ; which  fee. 

ADDITIVE,  denotes  fomething  to  be  added  to 
another,  in  contradiftindtion  to  fomething  to  be  taken 
away  or  fiibtracted.  So  aftronomers  {peak  of  additive 
equations,  and  geometricians  of  additive  ratios. 

ADELARD,  or  Athelard,  was  a learned  monk 
of  Batb^  in  England,  who  ilo.urifhed  about  the  year 
1 130,  as  appears  by  fome  manufcrlpts  of  fiis  in  Corpus 
Chrifti,  and  Trinity  Colleges,  Oxford.  ^Affius  fays  he 
was  univerElly  learned  in  all  the  fciences  of  his  time  .; 
and  that,  to  acquire  all  forts  of  knowledge,  he  travelled 
into  France,  Germany,  Italy,  Spain,  Egypt,  and  Ara- 
bia. He  wrote  many  books  himfedf,  and  t ran  Gated 
others  from  different  languages  : thus,  he  tranflated, 
from  Arabic  into  Latin,  Eutdid’s  Elements,  at  a time 
before  any  :.Greek  copies  had  been  difeovered  ; alio 
Erichlafariin,  upon  the  feven  planets.  He  wrote  a 
book  on  the  feven  liberal  arts,  another  on  tlie  aftrolabe,, 
another  on  the  caiifes  of  natural  compoiitions,  beiides 
feveral  on  phyfics  and  on  medicine. 

Although  Voffius  refers  to  Oxford  for  fome  of  thefe 
rnaiiufcrlpts,  it  would  yet  feem  they  were  not  to  be 
found  there  In  WallisV  time  ; for  the  DoAor,  fpeaking 
of  this  author,  and  other  EngUfh  authors  and  ti  avellers 
about  the  fame  age,  fays,  “ A particular  account  of 
thefe  travels, of  Shtlley  and  Morley  was  a wiiile  fiuee 
to  be  feen  in  two  prefaces  to  two  maniifcript  books 
of  theirs  in  the  library  of  Corpus-Chrilli  College  in 
Oxford,  but  hath  lately  (by  fome  luiknown  hand)  been 
cut  out,  and  carried  away  ; which  prefaces ,( one  or  both 
of  them)  did  alfo  make  mention  of  the  travels  of  Athe- 
lardus  Batlionienfis,  and  are,  to  that  purpofe,  cited  by 
Vofiius  out  of  that  manufeript  copy.  Whoever  hath 
them,  would  do  a kindnefs  (by  fome  way  or  other)  to 
reilorc  them,  or  at  kaff  a copy  of  them.’^  Wallis^g 
Algebra,  pa.  6. 

ADEEM,  Aldhelmus,  cr  Althelmus,  a learned 
Englifliman,  who  liourilhed  about  the  3'ear  680.  He 
was  firft  abbot  of  Malmfbury,  and  afterward  bifiiop  of 
ShiiEurn.  He  died  in  the  year  709,  in  the  monaftery 
of  Malmfbury. 

Adelm  was  the  fon  of  Kenred  or  Kentcn,  who  was 
the  bi'other  of  Ina,  king  of  the  Weil  Saxons  in  Eng- 
land. Befide  certain  books  in  theology,  he  compofed 
feveral  on  the  mathematical  fciences  &c  ; as  Arithmetic, 
and  Aftrology,  and  librum  de  phllofophorum  difciplinis. 
See  Bedels  Elillory,  lib.  5.  cap.  19.  He  is  alfo  mention- 
ed by  Bale  and  William  of  Malmfbury. 

ADER.AIMIN,  or  Alder  aim  in,  the  Arabic  narne 
of  a ftar  of  the  third  magnitude,  in  the  left  flioulder  of 
Cepheus,  marked  a by  Bayer.  Its  longitude  for  1761, 
T 9°  30'  6"  north  latitude  6S°  5 6'  20"* 

ADFECTED,  fee  Affected. 

ADHESION,  Adherence,  In  Phyfics^  is  the  ftate 
of  two  bodies,  j'oined  or  failened  together,  whether  by 
mutual  attradfion,  the  interpofition  of  their  own  parts, 
or  the  impulfe  or  preffure  of  external  bodies.  See 
Cohesion. 

Thus  two  hollow  hemifpheres,  exhauRed  of  air,  are 
made  to  adhere  firmly  together  by  the  preffure  of  the 
atmofphere  on  their  convex  or  external  furfaces  ; for 
if  they  are  introduced  into  an  exhauiled  receiver,  they 
prefcntly  fall  afunder.  Alfo  two  very  well  polilhed 
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plailes  adhere  finTily  together,  partly  by  the  external 
preffiire  of  the  atmofphcre,  and  partly  by  the  attradfion 
of  their  parts. 

In  No.  389  of  the  Philof.  Tranf.  Dr.  Defaguliers 
has  given  experiments  of  the  adhefion  of  leaden  bullets 
to  each  other : the  caufe  of  which  he  refolves  into  the 
principle  of  attradlion. 

M.  Muffchenbroeck,  in  his  EfTai  de  Phyfique,  has 
given  a great  many  remarks  on  the  adhefion  of  bodies, 
and  relates  various  experiments  which  he  had  made 
upon  this  matter,  but  chiefly  relative  to  the  refiftance 
made  by  bodies  to  fradlure,  in  virtue  of  the  adhefion  of 
their  parts ; which  adhefion  he  afcribes  principally  to 
their  mutual  attradlion.  Common  experiments  prove 
the  mutual  adhefion  of  the  parts  of  water  to  each  other, 
as  well  as  to  the  bodies  they  touch.  The  fame  may  be 
faid  of  the  particles  of  air,  on  whicli  M.  Petit  has  a 
memoir  among  thofe  of  the  Paris  Academy  of  Sciences 
for  the  y^ear  1 73T. 

Some  authors  however  are  not  willing  to  admit  that 
the  adhefion  of  the  parts  of  water,  or  indeed  of  bodies 
in  general,  is  to  be  attributed  to  the  attradllon  of  their 
parts,  and  they  reafon  thus : fuppofe,  fay  they’’,  that 
attradlion  adls  at  any'  fmall  diftance,  as  for  example  to 
the  diftance  of  one-tenth  of  an  inch,  from  a particle  of 
water:  and  about  this  particle  defcribe  a circle  whofe 
fadius  is  one-tenth  of  an  inch  : then  the  particle  of 
water  will  be  attrafted  only'  by  the  particles  included 
within  the  circle  ; but  as  thefe  particles  act  in  contrary 
direftlons,  their  mutual  effects  muft  deftroy'  one  another, 
and  there  can  be  no  attradlion  of  the  particle,  fince  It 
will  have  no  more  tendency  one  way  than  another. 

ADHIL,  in  yljlronomy,  a ftar,  of  the  fixth  mag- 
nitude, upon  the  garment  of  Andromeda,  under  the 
laft  ftar  In  her  foot. 

ADJxACENT,  whatever  lies  immediately  by  the  fide 
of  another. 

Adjacent  in  Geometry y is  faid  of  an  angle 

when  it  Is  immediately  contiguous  to  another,  fo  that 
they  have  both  one  common  fide.  And  the  term  is 
more  particularly  nfed  when  tlie  two  angles  have  not 
only  one  common  fide,  but  alfo  when  the  other  two 
fides  form  one  continued  right  line. 

Adjacent  hodtesy  in  Fhyjicsy  are  underftood  of  thofe 
that  are  near,  or  next  to,  fome  other  body. 

ADJUTAGE,  or  rather  AJUTAGE;  which  fee. 

ADSCRIPTS,  in  Trigonometry y is  ufed  by  fome 
mathematicians,  for  the  tangents  of  arcs.  Vieta  calls 
them  alfo  profines. 

ADVANCE-Foss  E,  in  Fortification,  a ditch  thrown 
round  the  efplanadc  or  glacis  of  a place,  to  prevent  its 
being  furprifed  by  the  befiegers. 

The  ditch  fometimes  made  in  that  part  of  the  lines 
or  retrenchments  neareft  the  enemy,  to  prevent  him 
from  attacking  them,  is  alfo  called  the  advancc-folfe. 

The  advance-fofie  fhould  always  be  full  of  water, 
otherwife  it  will  ferve  to  cover  the  enemy  from  the  fire 
of  the  place,  if  he  fhoiild  become  mafter  of  the  fofle. 
Beyond  the  advance-foffe  it  is  ufnal  to  conftrudt  lu- 
nettes, redouts,  &c. 

ADVENT  , AdventiiSy  in  the  Calendar,  the  time  im- 
mediately preceding  Chriftmas  ; and  was  anciently  em- 
ployed in  pious  preparation  for  adventusy  or  coining 
on,  of  the  feaft  of  the  Nativitr'. 
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Advent  includes  four  Sundays,  or  weeks  ; com- 
mencing either  with  the  Sunday  vvlilch  falls  on 
St.  Andrew’s  day,  namely'  the  30th  day  of  November, 
or  the  neareft  Sunday  , to  that  day,  either  before  or 
after. 

AilOLIPILE,  JEolipdey  in  Hydraulics,  a hollow  ball 
of  metal,  with  a very  Imall  liole  or  opening  ; chiefly 
ufed  to  fhew  the  convertibility  of  water  into  ehiftic 
ftcam.  The  bell  way  of  fitting  up  this  inftrument,  is 
with  a very  (lender  neck  or  pipe,  to  ferew  on  and  off, 
for  the  convenience  of  introducinof  the  water  ii'to  the 
infide  ; for  by  unferewing  the  pipe,  and  immerging 
the  ball  in  water,  it  readily  fills,  the"  hole  being  pretty 
large  ; and  then  the  pipe  Is  ferewed  on.  But  if  the 
pipe  do  not  fer^  off,  its  orifice  is  too  fmall  to  force  its 
wav  in  againft  the  included  air;  and  therefore  to  expel 
moft  of  the  air,  the  ball  is  heated  red  hot,  and  fuddenly 
plunged  with  its  orifice  into  water,  which  will  then 
rufh  in  till  the  ball  is  about  two-thirds  filled  with  the 
water.  The  water  having  been  introduced,  the  ball  is 
fet  upon  the  fire,  which  gradually  heats  the  contained 
water,  and  converts  it  into  claftic  fteatn,  which  rulhes 
out  by  the  pipe  with  great  violence  and  noife  ; and  thus 
continues  till  all  the  water  Is  fo  difeharged  ; though 
not  with  a conftant  and  uniform  blaft,  but  by  fits : 
and  the  ftronger  the  fire  is,  the  more  elalllc  will  the 
(team  be,  and  the  force  of  the  blaft.  Care  Ihould  be 
taken  that  the  ball  be  not  fet  upon  a violent  fire  with 
very  little  water  in  it,  and  that  the  fmall  pipe  be  not 
ftopped  with  any  thing;  for  in  fuch  cafe,  the  included 
elaftic  fteam  will  fuddenly  burll  the  ball  with  a very 
dangerous  cxplofion. 

This  inftrument  was  known  to  the  ancients,  being 
mentioned  by  Vitruvius,  lib.  1.  cap.  6.  It  is  alfo 
treated  of,  or  mentioned,  by  fcveral  modern  authors, 
as  Defcartes,  in  his  Meteor,  cap.  4;  and  Father  Mer- 
fenniis,  in  prop.  29  Phaedom.  I’neumat.  nfes  it  to  weigh 
the  air,  by  firll  weighing  the  inftrument  when  red  hot, 
and  having  no  water  in  It  ; and  afterwards  weigliing 
the  fame  when  It  becomes  cold.  But  the  conelufioii 
gained  by'  this  means,  cannot  be  quite  accurate,  as 
there  is  fuppofed  to  be  no  air  in  the  ball  when  it  is 
red  hot  ; whereas  It  is  flicvvn  by  Varenlits,  in  his 
Geography,  cap.  19,  fedf.  6,  prop.  10,  that  the  air  is 
rarefied  but  about  70  times  ; and  confequently  the 
weight  obtained  by  the  above  procefs,  will  be  about 
one-70th  too  imall,  or  more  or  lefs  according  to  the 
intenfity  of  the  heat. 

In  Italy  it  is  faid  that  the  TEolIpile  Is  often  ufed  to 
cure  fmociky  chimneys  : for  lieing  hung  over  the  fire, 
the  blaft  arifing  from  it  carries  up  the  loitering  fmoke 
along  with  it. 

And  fome  have  imagined  that  the  aeoliolle  might 
be  employed  as  bellows  to  blow  up  a iire,  having  th$ 
blaft  from  tlie  pipe  diredled  into  the  fire  : but  expe- 
rience would  foon  convince  them  of  their  miftake  ; for 
it  would  rather  blow  the  fire  out  than  upy  as  it  is  not 
air,  but  rarefied  water,  that  is  thus  violently  blown 
through  the  pipe. 

2EOLU8,  in  Mechanics,  a fmall  portable  machine, 
not  long  fince  invented  by  Mr.  Ti(ld,  for  refrefhing 
and  changing  the  air  in  rooms  which  are  made  too 
clofe. 

I'he  machine  is  adapted  to  fupply  the  place  of  a 

fquare 


A E 


A E K 


r> 

IV 


[ 32  J- 


Square  of  glafs  in  a fafh-window,  wl'icre  it  \^'orks  with 
little  or  no  noife,  on  the  principle  of  the  fails  of  a mill, 
or  a fmoke-jack  ; and  thus  admitting  an  agreeable 
quantity  of  air,  at  a convenient  part  of  the  room. 

-^oLus’j-  Harp^  or  u^altan  Harp^  an  inftrument  fo 
named,  from  its  producing  an  agreeable  melody,  merely' 
by  the  adlion  of  the  ■wind. 

Neither  the  age  nor  inventor  of  this  Inftrument  are 
very  well  known.  It  is  not  mentioned  by  Merfennus 
in  his  Harmonics,  where  he  delcribes  moft  forts  of 
mufical  inftruments  : and  y'et  the  defeription  and  ufe  of 
it  was  given  foon  after,  by  Kircher,  in  his  book^  Magia 
Phenotadlica  & Phonurgia. 

The  conftrudlion  of  this  Inftrument  is  thus ; let  a 
box  be  made  of  as  thin  deal  as  pofiible,  its  length  an- 
fwering  exadlly  to  the  width  of  the  window  in  which  it 
IS  to  be  placed  ; five  or  fix  inches  deep,  and  feven  or 
eight  inches  wide.  Acrofs  the  top,  and  near  each 
end,  glue  on  a bit  of  wainfeot,  about  half  an  inch 
high,  and  a quarter  of  an  inch  thick,  to  ferve  as  two 
bridges  for  the  firings  to  be  ftretched  over,  by  means 
of  pins  inferted  into  holes  a little  behind  the  bridges, 
nearer  the  ends,  half  the  number  being  at  one  end,  and 
half  at  the  other  end : thefe  pins  are  like  tliofe  of  a 
■harpfichord  ; and  for  their  better  fuppoit  in  the  thin 
deal,  a piece  of  beech  of  about  an  inch  fqiiare,  and 
length  equal  to  the  breadth  of  the  box,  is  glewed  on 
the  infide  of  the  lid,  immediately  under  the  place  of 
the  pins,  the  holes  for  receiving  them  being  bored 
ihrough  this  piece.  It  is  ftrung  with  fmall  catgut, 
or  blue  firft  fiddle  firings,  more  or  lefs  at  pleafure,  on 
the  ontfide  and  lengthways  of  the  lid,  fixing  one  end 
to  one  of  the  fmall  pins,  and  twilling  the  other  end 
about  the  oppofite  or  ftretching  pin.  A couple  of 
found-holes  are  cut  in  the  lid  ; and  the  thinner  this  is, ' 
the  better  will  be  the  performance. 

When  the  firings  are  tuned  unifon,  and  the  inftru- 
ment placed,  with  the  top  or  ftringed  fide  outwards,  in 
the  window  to  which  it  is  fitted,  the  air  blowing  upon 
that  window,  the  inftrument  will  give  a found  like  a 
dillant  choir,  increafing  or  decreafing, according  to  the 
ilrength  of  the  wind. 

^ItRA,  in  Chronology,  is  the  fame  as  epoch,  br 
tpocha,  and  means  a fixed  point  of  time,  from  which 
to  begin  a computation  of  the  y^ears  enluing. 

The  word  is  fometimes  alfo  written  era  in  ancient 
authors  Its  origin. is  contefted,  though  it  is  generally 
fuppofed  that  it  had  its  rife  in  Spain.  Some  imagine 
that  it  is  formed  from  a,  er.  o.  the  abbreviations  of  the 
words,  annus  erat  AugvJUy  or  from  <2.  e,  r.  a.  the  initials 
of  the  words  annus  erat  regni  Augujlt^  becaiife  the 
Spaniards  began  their  computation  from  the  time  that 
their  country  came  under  the  dominion  of  Aiiguftus. 
Others  derive  it  from  as^  hrafs,  the  tribute  money  with 
which  Auguftiis  taxed  the  world.  It  is  alfo  faid  that 
ara  originally  figiiified  a number  ftamped  on  money  to 
determine  its  current  value.  And  that  the  ancients 
ufed  as  or  eera  as  an  article,  as  we  do  the  word  item,  to 
each  particular  of  an  account  ; and  hence  it  came  to 
fiand  for  a fum  or  number  itlelf. 

.jTra  alfo  means  the  way  or  mode  of  accounting 
time.  Thus  we  fiiy  fuch  a year  of  the  Chnllian 
sera,  &:c. 

.SpaniJld  iERA,  otherwife  called  the  year  of  Ccefar, 


was  introduced  after  the  fecond  divlfion  of  the  Roman 
provinces,  between  Aiiguftus,  Anthony^  and  Lepldus, 
in  the  714th  year  of  Rome,  the  4676th  year  of  the 
Julian  period,  and  the  38th  year  before  Chrift.  In  the 
447th  year  of  this  sra,  the  Alani,  tlie  Vandals,  Suevi, 
&c,  entered  Spain.  It  is  frequently  mentioned  in  the 
Spanifli  affairs ; their  councils,  and  other  public  adls, 
being  all  dated  according  to  it.  Some  fay  it  was  abo- 
liflied  under  Peter  IV,  king  of  Arragon,  in  the  year  of 
Clirift  135^>  and  the  Chriftian  lera  introduced  inftead 
of  it.  But  Mariana  obferves  that  it  ceafed  in  the 
year  of  Chrift  1383,  undei' John  I,  king  of  Caftile. 
The  like  wms  afterwards  done  in  Portugal. 

Chrijiian  /Era.  It  is  generally  allowed  by  Chrono- 
logers,  that  the  computation  of  time  from  the  birth 
of  Chrift,  was  only  introduced  in  the  fixth  century 
in  the  reign  bf  Juftinian  ; and  it  is  commonly  af- 
cribed  to  Dionyfius  Exiguus.  This  asra  came  then 
into  ufe  in  deeds,  and  fuch  like  ; before  which  time 
either  the  olympiads,  the  year  of  Rome,  or  that  of  the 
reign  of  the  emperors,  was  ufed  for  fuch  piirpofes. 

See  an  account  of  the  other  principal  asras  under  the 
word  Epoch. 

A ERIAL  Per/peHU^e^  is  that  which  reprefents  bo- 
dies diminifiied  and  weakened,  in  proportion  to  their 
dillance  from  the  eve. 

Aerial  Perfpedlive  chiefly  refpedls  the  colours  of 
objects,  whofe  force  and  luftre  it  diminiflies  more  or 
lefs,  to  make  them  appear  as  if  more  or  lefs  remote. 

It  is  founded  upon  this,  that  the  longer  the  column 
of  air  an  objefh  is  feen  through,  the  more  feebly  do  the 
vlfuai  rays  emitted  from  it  affedf  the  eye. 

AEROGRAPHY,  a defeription  of  the  air,  or  at- 
mofphere,  its  liiuits,  dimenfions,  properties,  See, 

AEROLOGY,  the  dodtrine  or  fcience  of  the  air, 
and  its  phsenomena,  its  properties,  good  and  bad  qua- 
lities, &c.  It  is  much  the  fame  with  the  foregoing 
word,  Aerography. 

AEROMETRY,  Aerometrla,  the  fcience  of  mea- 
furing  the  air,  its  powers  and  properties  ; comprehend-^ 
ing  not  only  the  quantity  of  the  air  iticlf,  as  a fluid 
body,  but  alfo  its  preffure  or  weight,  its  elafticity,  rare- 
fadtion,  condenfation,  &c. 

The  term  is  not  much  ufed  at  prefeut ; this  branch 
of  natural  philofophy  being  iffually  called  pneumatics, 
which  fee.  Wollius,  late  profeffor  of  mathematics  at 
Hall,  having  reduced  feveral  properties  of  the  air  to 
geometrical  deraonftrations,  firft  pubiiflied  at  Lelpfic  his 
Elements  of  Aerometry,  in  the  German « language, 
and  afterwards  more  enlarged  in  Latin,  which  have 
fince  been  inferted  in  his  Curjus  Mathemaiicus^  in  five 
volumes  in  4to. 

AERONAUTIC  A,  the  pretended  art  of  failing 
through  the  air,  or  atmofphere,  in  a vefiel,  fullained  as 
a fliip  in  the  fea.' 

AEROSTATICA,  is  properly  the  dodliine  of  the 
weight,  preffure,  and  balance  of  the  air  and  atmo- 
fphere. 

AEROSTATION,  In  its  proper  and  primary  fenfe, 
denotes  the  fcience  of  weights  fufpended  in  the  air  ; 
but  in  the  modern  application  of  the  terra,  it  fignifies 
the  art  of  navigating  or  floating  in  the  air,  both  as  to 
the  pracftice  and  principles  of  it.  Hence  alfo  the  ma- 
chines which  are  cmphjyed  for  this  purpofe,  are  called 
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or  aeroJlaUc  machines  ; and  whiclij  on  account 
of  their  round  and  bell-Iike  fnape,  are  otherwife  called 
air  balloons.  Alfo  aeronaut  is  the.  name  given  to  the 
perfon  who  navigates  or  floats  in  the  air  by  means  of 
fuch  machines. 

Principles  of  Aerostation.  The  fundamental  prin- 
ciples of  this  art  have  been  long  and  generally  known, 
as  well  as  fpeculations  on  the  theory  of  it ; but  the 
fuccefsful  application  of  them  to  pradlice  feems  to  be 
altogether  a modern  difcovery.  Thefe  principles  chiefly 
refpedf  the  weight  or  prefiure,  and  elailicity  of  the  air, 
with  its  fpccific  gravity,  and  that  of  the  other  bodies  to 
be  raifed  or  floated  in  it : the  particular  detail  of  which 
principles  may  be  feen  under  the  refpedlive  words  in 
this  dictionary.  Suffice  it  therefore  in  this  place  to 
obferve,  that  any  body  which  is  fpecilically,  or  bulk  lor 
bulk,  lighter  than  the  atnlor})herc,  or  air  cncompaffliig 
the  earth,  will  be  buoyed  up  by  it,  and  afeend,  like  as 
wood,  or  a cork,  or  a blown  bladder,  afeends  in  water. 
And  thus  the  body  would  continue  to  afeend  to  the 
top  of  the  atmofphere,  if  the  air  were  every  where  of 
the  fame  denfity  as  at  the  furface  of  the  earth.  But  as 
the  air  is  corapreiTible  and  eiaftic,  its  denfity  decreafes 
continually  in  alcendinsf  on  account  of  the  diminiflred 
prefTure  of  the  fuperincumbent  air,  at  the  higher  ele- 
vations above  the  earth  ; and  therefore  the  body  will 
afeend  only  to  fuch  height  where  the  air  is  of  the  fame 
fpecifle  gravity  with  itfelf ; where  the  body  will  float, 
and  move  along  with  the  wind  or  current  of  air,  which 
it  may-  meet  with  at  that  height.  This  body  then  is 
an  aeroftatic  machine,  of  whatever  form  or  nature  it 
may  be.  And  an  air-balloon  is  a body  of  this  kind, 
the  whole  mafs  of  which,  including  its  covering  and 
contents,  and  the  weights  annexed  to  it,  is  of  Icfs 
weight  than  the  fame  bulk  of  air  in  which  it  rifes. 

We  know  of  no  folid  bodies  however  that  are  light 
enough  thus  to  afeend  and  float  in  the  atmofphere  ; and 
therefore  reconrfe  muft  be  had  to  fome  fluid  or  aeriform 
fubflance. 

Among  thefe,  that  which  is  called  inflammable  air 
is  the  moil  proper  of  any--  that  have  hitherto  been  dlf- 
covered.  It  is  very  elailic,  and  from  fix  to  ten  or 
eleven  times  lighter  than  common  atnaofpheric  air  at 
the  furface  of  the  earth,  according  to  the  different 
methods  of  preparing  it.  If  therefore  a fuflicient  quan- 
tity of  this  kind  of  air  be  Inclofed  in  any  thin  bag  or 
covering,  the  weight  of  the  two  together  will  be  lefs 
than  the  weight  of  tlie  fame  bulk  of  common  air  ; 
and  confequently  this  compound  mafs  will  rife  in  the 
atmofphere,  and  continue  to  afeend  till  it  attain  a heisrht 
at  which  the  atmofphere  is  of  the  fame  fpeciiic  gravity 
as  itfelf ; where  it  will  remain  or  float  with  the  current 
of  air,  as  long  as  the  inflammable  air  does  not  efenpe 
through  the  pores  of  its  covering.  And  this  is  an  in- 
flammable air-balloon. 

Another  way  is  to  m.ake  ufe  of  common  air,  render- 
ed lighter  by  warming  it,  inflead  of  the  inflammable 
air.  Heat,  it  is  well  known,  rarefies  and  expands 
common  air,  and  confequently  leflens  its  fpeciiic  .gra- 
vity ; and  the  diminution  of  its  weight  is  proportional 
to  the  heat  applied.  If  therefore  the  air,  inclofed  in 
any  kind  of  a bag  or  covering,  be  heated,  and  confe- 
quentlyr  dilated,  to  fuch  a degree,  that  the  excels  of 
tf-e  weight  of  an  equal  bulk  of  common  air,  above  the 
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weight  of  the  heated  air,  be  greater  than  the  weight 
of  the  covering  and  its  appendages,  the  whole  com- 
pound mafs  will  afeend  in  the  atmofphere,  till,  bv  the 
diminiflaed  denfity'-  of  the  furrounding  air,  the  whole 
become  of  the  fame  fpecific  gravity  with  the  air  in 
which  it  floats  ; where  it  will  remain,  till,  by  the  cool- 
ing and  condenfatlon  of  tlie  included  air,  it  fliall  gra- 
dually  contract  and  defeend  again,  imlefs  the  heat  is 
renewctl  or  kept  up.  A*nd  fuch  is  a heated  air-balloon, 
othervvile  called  a Montgolfier,  from  its  inventor. 

Now  it  has  been  difeovered,  by  various  experiments, 
that  one  degree  of  heat,  according  to  the  fcale  of 
Fahrenheit’s  thermometer,  expands  the  ait  about  one 
five-hundredth  part ; and  therefore  that  it  will  require 
about  degrees,  or  nearer  484  degrees  of  heat,  to  ex- 
pand the  air  to  infl  double  its  bulk.  Which  is  a de- 
gree of  heat  far  above  wliat  It  is  ))raCtIcable  to  give  it 
on  inch  occafions.  And  therefore,  in  this  refpedl,  com- 
m.on  air  heated,  is  much  inferior  to  inflammable  air, 
in  point  of  levitv  and  ufefnlnefs  for  aeroflatic  machines. 

Upon  fuch  principles  ti.en  depends  the  conlbudlion. 
of  the  two  forts  of  air-balloons.  But  before  treating 
of  this  branch  more  particularly,  it  will  be  proper  to 
give  a fliort  hiftorical  account  of  this  late-dlfcovered 
art. 

Hijlory  of  AEROSTATION.  Various  fchemes  for 
rlfing  In  the  air,  and  palTing  through  it,  have  been  de- 
vifed  and  attempted,  both  by  the  ancients  and  moderns, 
and  that  upon  difierent  principles,  and  with  various 
fuccefs.  Of  thefe,  fome  attempts  have  been  upon 
mechanical  principles,  or  by  virtue  of  the  powers  of 
mechanifm  : and  fuch  arc  conceived  to  be  the  inflances 
related  of  the  flying  pigeon  made  by  Aicbytas,  the 
flying  eagle  and  fly  by  Regionaoiitanus,  and  various 
others.  Again,  other  projects  have  been  formed  for 
attaching  wings  to  fome  part  of  the  bodv,  which  were 
to  be  moved  either  by  the  liands  or  feet,  by  the  help  of 
mechanical  powers  ; fo  that  flriking  the  air  with  them, 
after  the  m.anner  of  the  wings  of  a bird,  the  perfon 
might  raife  himfelf  in  the  air,  and  tranfport  himfelf 
through  it,  in  imitation  of  that  animal.  But  of  thefe 
and  various  other  devices  of  the  like  nature,  a particular 
account  will  be  .given  under  the  article  artificial flyings 
us  belonging  rather  to  that  fpecies  or  principle  of  mo- 
tion, than  to  our  prefent  fubjecl  of  acroftation,  which 
is  properly  the  failing  or  floating  in  the  air  by  means 
of  a machine  rendered  fpcelfically  lighter  than  that 
element,  in  imitation  of  aqueous  navigation,  or  the 
failing  upon  the  water  in  a fhip,  or  vclfel,  which  is 
ipecifically  lighter  than  the  water. 

I’he  fifft  rational  account  that  we  have  upon  record, 
for  this  fort  of  failing,  is  perhaos  that  of  our  country- 
man Roger  Bacon,  who  died  in  the  year  1292.  He 
not  only  affirms  that  the  art  is  feafible,  but  aflTures  u3 
that  he  himlelf  knew  how  to  make  an  engine,  in  which 
a man  fitting  might  be  able  to  carry  himfelf  througif the 
air  like  a bird  ; and  he  farther  affirms  that  there  was 
another  perfon  wdio  had  tried  It  with  fuccefs.  And 
the  fccret  it  feems  confified  in  a coujde  of  large  thin 
fltells,  or  hollow  globes,  of  coppier,  exhanfied  of  air; 
fo  that  the  whole  being  thus  rendered  lighter  than  air, 
they  would  fupport  a chair,  on  which  n perfon  might 
fit. 


Blfliop  Wilkins  too,  who  died  in  1672,  in  feveral 
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of  h is  works,  makes  mention  of  fimilar  ideas  being' 
entertained  by  divers  perfons.  “ It  k a pretty  notion 
to  this  purpofe,  fays  he  (in  his  Difeovery  of  a New 
World,  prop.  14),  mentioned  by  Albertus  de  Saxonia, 
and  ont  of  him  by  Francis  Mendoza,  that  the  air  is 
in  iome  part  of  it  navigable.  And  that  upon  this 
flatick  principle,  any  brafs  or  iron  veffel  (fuppofe  a 
kettle),  whofe  fubftance  is  much  heavier  than  that  of 
the  water  ; yet  being  filled  with  the  lighter  air,  it  will 
fwim  upon  it,  and  not  fink.”  i^nd  again,  in  his  De- 
dalus,' chap.  6,  Scaliger  conceives  the  framing  of 
fuch  volant  automata  to  be  very  eafy.  Volantis  co- 
lumha  rnachinulam,  cujus  auiorevi  Ai'chytam  tradunt,  vel 
projiteri  ainieo,  Thofe  ancient  motions  were 
thought  to  be  contrived  by  the  force  of  fome  inclu'ded 
a1r  : So  Gelihis^  Ita  erat  fcilicet  Tihramentis  fufpenfurn^ 
aura  fpiritus  tnclufa^  atque  occulta  conjitum^  Ac.  As  if 
there  had  been  fome  lamp,  or  other  fire  within  it, 
which  m.ight  produce  fuch  a forcible  rarefablion,  as 
fhould  give  a motion  to  the  wdiole  frame.”  From  which 
it  would  feem  that  Bifhop  Wilkins  had  fome  confufed 
notion  of  fuch  a thing  as  a heated  air-balloon. 

A gain  F.  Francifeo  Lana,  in  his  Prodroma,  printed 
in  1670,  propofes  the  fame  method  with  that  of  F^oger 
Bacon,  as  his  own  thought. 

He  confidered  that  a liollow^  veffel,  exhaufted  of 
air,  would  weigh  lefs  than  when  filled  wdth  that  fluid  ; 
he  alfo  reafoned  that,  as  the  capacity  of  fpherical  veffels 
increafes  much  fafter  than  their  furface,  if  there  vvere 
two  fpherical  veffels,  of  which  the  diameter  of  one  is 
double  the  diameter  of  the  other ; then  the  capacity 
of  the  former  will  be  equal  to  8 times  the  capacity  of 
the  latter,  but  the  furface  of  that  only  equal  to  4 times 
the  furface  of  this  : and  the  one  fphere  have  its  diame- 
ter equal  to  triple  the  diameter  of  the  other  ; then  the 
capacity  of  the  greater  will  be  equal  to  27  times  the 
capacity  of  the  lefs,  while  its  furface  is  only  9 times 
greater  : and  fo  on,  the  capacities  increafing  as  the 
cubes  of  the  diameters,  while  the  furfaces  increafe  only 
as  the  fquares  of  the  fame  diameters.  And  from  this 
inathenpatical  principle,  father  Lana  deduces,  that  it  is 
pofflble  to  make  a fpherical  veffel  of  any  given  matter, 
and  thicknefs,  and  of  fuch  a fize  as,  wFen  emptied  of 
air,  it  will  be  ligbter  than  an  equal  bulk  of  that  air, 
and  confeqnently  that  it  will  afeend  in  that  clement, 
together  with  fome  additional  wmight  attached  to  it. 
After  dating  thcle  principles,  father  Lana  computes 
that  a round  veffel  of  plate  brafs,  14  feet  in  diameter, 
weigliing  3 ounces  the  fquare  foot,  will  only  weigh  i 848 
ounces  ; whereas  a quantity  of  air  of  the  fame  bulk  will 
weigh  2155'!  ounces,  allowing  only  one  ounce  to  the 
cubic  foot  ; fo  that  the  globe  will  not  only  be  fuftained 
m the  air,  but  wall  alfo  carry  up  a \veight  of  3071- 
ounces  : and  by  increafing  the  bulk  of  the  globe, 
without  increafing  tlie  thicknefs  of  the  metal,  he  adds, 
a vefi'el  might  be  made  to  carry  a much  greater  w'cight. 

Such  then  were  the  ingenious  fpeculaiions  of  learned 
men,  and  the  gradual  approaches  towards  this  art.  But 
one  thing  more  was  yet  wanting  : although  acquainted 
in  fome  degree  with  the  weight  of  any  quantity  of 
air,  confidered  as  a detached  fubfiance,  it  feems  they 
were  not  av/are  of  its  great  eiaflicity,  and  the  univerfal 
preffure  of  tlie  atmofphcre  ; by  which  preffure,  a globe 
of  the  dimenfions  above-deferibed,,  and  exhaufted  of  its 
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air,  would  immediately  be  crufiied  inwards,  for  want 
of  the  equivalent  internal  counter  preffure,  to  be  fought 
for  in  fome  element,  much  lighter  than  common  air, 
and  yet  nearly  of  equal  preffure  or  elafticity  with  it ; a 
property  or  circumllance  attending  common  air  when 
confiderably  heated.  It  is  evident  then  that  the 
fchemes  of  ingenious  men  hitherto  mull  have  termi- 
nated in  mere  fpeculation  ; otherwife  they  could  never 
have  recorded  fchemes,  which,  on  the  firft  attempt  to 
put  In  praclicc,  muft  have  manifefted  their  own  infuffi- 
ciency,  by  an  Immediate  failure  of  fuccefs  : For  inftead 
of  exhaufting  the  veffel  of  air,  it  muft  either  be  filled 
wuth  common  air  heated,  or  with  fome  other  equally 
elaftic  and  lighter  air.  So  that  upon  the  whole  it  ap- 
pears, that  the  art  of  traverfing  the  air,  is  an  invention- 
of  our  own  time  ; and  the  whole  hiftory  of  it  is  com- 
prehended within  a very  fiiort  period. 

The  rarefatfion  and  expanfion  of  air  by  heat,  is  a 
property  of  it  that  has  long  been  known,  not  only  ta 
philofopliers,  but  even  to  the  vulgar:  by  this  means  it 
is,  that  the  fmoke  is  continually  carried  up  our  chim- 
neys ; and  the  effedl  of  heat  upon  air,  is  made  very 
fenfible  by  bringing  a bladder,  only  partly  full  of  air. 
near  a fire  ; wFen  the  air  prefently  expands  with  the 
heat,  and  diftends  the  bladder  fo  as  almoft  to  burft  it : 
and  fo  well  are  tlie  common  people  acquainted  with 
this  effedl,  that  it  is  the  common  prablice  of  thofe  who> 
kick  blown  bladders  about  for  foot-balls,  to  bring  thera 
from  time  to  time  to  the  fire,  to  reftore  the  fpring  of 
the  air,  and  diftenfion  of  the  ball,  loft  by  the  continual: 
wafte  of  that  fluid  through  the  fides  of  it.  n 
But  the  great  levity  of  inflammable  air,  is  a very 
modern  difeovery  . As  to  the  inflammable  property'  of 
this  air  itfelf,  it  had  been  long  known  to  miners,  and 
efpecially  in  coal  mines,  by  the  dreadful  effedls  it  fome- 
times  produces  by  its  explofions.  Among  them,  it  is- 
fometimes  vulgarly  called  iulphur,  but  more  properly 
the  fire  damp,  or  inflammable  damp,  to  diftingulfli  it- 
from  the  choak  damp,  and  other  damps,  a fpecies  of 
air  fometimes  found  in  deep  wells  and  mines,  audi 
which  does  not  explode  nor  take  fire,  but  prefently 
cxtingiiifires  candles,  and  fuffocates  the  perfons  who 
may  happen  to  go  into  it.  But  it  feems  that  it  was  Mr. 
Cavendifli  who  firft  difeovered  with  exaftnejs  the  fpe- 
cific  gravity  of  inflammable  air;  and  his  experiments 
and  obfervations  upon  it,  are  publiflied  in  the  56tb- 
volume  of  the  Plulofophical  Tranfadfions  for  the  year 
1766.  Soon  after  this  difeovery  of  Mr.  Cavendifli,  it 
occurred  to  the  ingenious  F)r.  Black  of  Edinburgh, 
that  if  a bladder,  or  other  veffel,  fufficiently  light  and- 
thin,  were  filled  with  this  air,  it  would  form  altogether 
a inafs  lighter  than  the  fame  bulk  of  atmofpheric  aiiy 
and  confequently  that  it  would  afeend  in  it. 

This  idea  he  mentioned  in  his  chemical  ledlures  in 
the  year  1767  or  1768;  and  he  farther  "p^’opofed  to 
exhibit  the  experiment,  by  filling  the  allantois  of  a calf 
with  fuch  air.  The  allantois  however  was  not  prepared 
juft  at  the  time  when  he  was  at  that  part  of  his  ledlures, 
and  other  avocations  afterwards  prevented  his  defign  ; 
fo  that,  confidering  it  only  as  an  amuhng  experiment,, 
and  being  fully  fatisfied  oi'  the  truth  of  fo  evident  an 
effeft,  he  contented  himfelf  with  barely  mentioning 
the  experiment  from  time  to  time  in  his  leftures.  About 
the  year  17,77  or  1778  too  it  occiuTcd  to  Mi'.  Cavallo, 
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that  it  miglit  be  pofiible  to  con{lru6*l  a vcffel,  which, 
when  filled  with  inflammable  air,  would  aicend  in  the 
atmofphere  ; and  there  is  no  doubt  but  that  iimilar  ideas 
would  occur  to  many  other  perfons,  of  io  evident  a 
Conrequence  of  Mr.  Cavendifli’s  difcovery. 

But  it  feems  to  have  been  Mr.  Cavallo  who  firll 
.aftually  attempted  the  experiment,  in  which  however 
he  fucceeded  no  farther  than  in  being  able  to  raiie 
foap  bubbles  of  two  or  three  inches  diameter : a thing* 
which  had  been  alone  by  children  for  their  amufement 
time  immemorial.  Thefe  experiments  Mr,  Cavallo  made 
in  the  beginning  of  the  year  1782,  and  an  account  of 
them  was  read  at  a public  meeting  of  the  Royal  Society 
on  the  20th  day  of  June  of  that  year.  From  which  it 
appears  that  he  tried  bladders  and  paper  of  various  forts. 
But  the  bladders,  however  thin  they  were  made  by 
feraping,  &c,  were  ftill  found  too  heavy  to  afeend  in 
the  atmofphere,  when  fully  inflated  with  the  inflamma- 
ble air:  and  in  ufing  China  paper,  he  found  that  this 
air  pafled  through  its  pores,  like  water  through  a fieve. 
And  having  failed  of  fuccefs  by  blowing  the  fame  air 
into  ^ thick  folution  of  gum,  thick  variiiflies,  aiul  oil 
paint,  he  was  obliged  to  rell  latisfied  with  loap-balls  or 
bubbles,  which,  being  filled  with  inflammable  air,  by 
dipping  the  end  of  a fmall  glafs  tube,  connedled  with  a 
bladder  containing  the  air,  into  a thick  folution  of 
foap,  and  gently  comprefling  the  bladder,  afeended  ra- 
pidly in  the  atmofphere,  and  broke  again  If  the  ceiling 
of  the  room. 

Here  however  it  feems  the  matter  might  have  refled, 
had  it  not  been  for  experiments  made  in  France  fooii 
after,  by  the  two  brothers  Stephen  and  Jofeph  Mont- 
golfier, upon  principles  fnggelled,  not  by  the  levity  of 
inflammable  air,  which  probably  they  had  never  heard 
of,  but  by  that  of  fmoke  and  clouds  afeending  in  the 
atmofphere.  Thefe  two  brothers  it  feems  were  natives 
of  Annonay,  a town  in  the  Vivarais,  about  36  miles 
diflant  from  Lyons  ; and  that  in  their  youth,  Stephen, 
the  elder,  had  affiduoufly  fludied  the  mathematics,  but 
the  other  had  applied  himfelf  more  particularly  to  na- 
tural philofophy  and  chemiflry.  They*  were  not  in- 
tended for  any  particular  way  of  bufincfs,  but  the  death 
of  a brother  obliged  them  to  put  themfelves  at  the  head 
of  a confiderable  paper  manulaftory  at  Annonay.  In 
the  intervals  of  time  allowed  by  their  bulinefs  they 
amufed  themfelves  in  feveral  philofophical  purfuits,  and 
particularly  with  the  experiments  in  aerollatlon,  of 
which  we  are  now  to  give  fomc  account.  It  would  be 
perhaps  impoflible  to  know  all  the  particular  fleps  and 
ideas  which  finally  produced  this  difcovery  : but  it 
has  been  faid  that  the  real  principle,  upon  which  tlie 
effefh  of  the  aeroflatic  machine  depends,  was  unknown 
even  for  a confiderable  time  after  its  difcovery  : that 
M.  Montgolfier  attributed  the  tflVcl  of  the  machine, 
not  to  the  rarefadion  of  the  air,  which  is  the  true 
caufe,  but  to  a certain  gas,  fpecifically  lighter  than 
common  air,  wlilch  was  fuppofed  to  be  developed  from 
burning  fubftances,  and  wlilch  was  commonly  called 
Montgolfier’s  gas.  Be  this  however  as  It  may,  it  is  well 
known  that  the  two  brothers  began  to  think  ol  the 
experiment  of  the  aeroflatic  machine  about  the  mid- 
dle or  the  latter  part  of  the  year  1782.  The  naturtd 
afeenfion  of  the  Imoke  and  the  clouds  in  the  aLmofphcrc, 
fuggefled  the  firfl  idea  ; and  to  imitate  thofe  bodies, 


or  to  in  Jofe  a cloud  in  a bag,  and  let  tlu?  Liter  b« 
lifted  up  by  the  buoyancy^  of  the  former,  veas  the  firfl 
projed  of  thofe  celebrated  gentlemen. 

Accordingly  the  firfl  experiment  was  made  at  Avig- 
non by  Stephen,  the  elder  brotlicr,  about  the  middle  of 
November  1782.  Flaving  prepared  a bag  of  fine  filk, 
In  the  fhape  of  a paraI!e!o[)ipedon,  and,  of  about  40 
cubic  feet  in  capacity^,  he  applivd  burning  paper  to  an 
aperture  In  the  bottom,  wiiicli  rarefied  the  air,  and 
thus  formed  a kind  of  cloud  in  the  bag  ; and  when  it 
became  fuflieientlr  expanded,  it  afeended  rapidly  to  the 
celling. 

Soon  afterwards  the  experiment  was  repeated  with 
the  fame  machine  at  Annonay,  by  the  two  brothers.  In 
the  o[)en  air  ; when  the  bag  afeended  to  the  height  of 
about  70  feet.  Encoiuaged  by  this  fuccefs,  tliey  con- 
flruded  another  machine,  of  about  650  cubic  feet  ca- 
pacity ; which,  wheii  inflated  as  before,  broke  the  cords 
which  confgieJ  it,  and  after  afeending  rapidly  to  tlm 
height  of  about  6co  feet,  defeended  and  fell  on  the  ad- 
joining ground.  With  another  larger  machine,  of  37 
feet  diameter,  they  repeated  the  experiment  on  the 
25th  day  of  April,  which  aniwereJ  exceedingly  well : the 
machine  had  fnch  force  of  afeenfion,  that,  breaking 
abruptly  from  its  confinement  of  ropes,  it  rofe  to 
the  height  of  more  than  1000  feet,  and  then,  being 
carried  by*  the  wind,  defeended  and  fell  at  a place  about 
three  quarters  of  a mile  from  the  place  of  its  afeenfion. 
The  capacity  of  this  machine  was  equal  to  above  23 
thoufaud  cubic  feet,  and,  being  nearly  globular,  when  in- 
flated, it  meafured  117  Englilh  feet  in  circumference. 
The  covering  was  formed  of  linen,  lined  with  paper  ; 
and  its  aperture  at  the  bottom  was  fixed  to  a woodea 
frame,  of  about  4 feet  fquare,  or  16  feet  in  furface. 
When  filled  with  vapour,  which  It  was  conjectured 
might  be  about  half  as  heavy  as  common  air,  it  was 
capable  of  lifting  up  about  490  pounds,  befides  Its  own 
weight,  which,  together  with  that  of  the  wooden  frame, 
was  equal  to  about  500  pounds.  With  this  fame  ma- 
chine the  next  experiment  was  publicly  performed  at 
Annonay,  on  the  7th  of  June  1783,  before  a great 
multitude  of  Ipedlators.  'Fhe  flaccid  bag  was  fulpend- 
cd  on  a pole  33  feet  high  ; ilraw  and  clioppcd  wool 
were  burned  under  the  oj^cnlng  at  the  bottom  the  va- 
pour, or  rather  fmoke,  loon  inflated  the  bag,  fo  as  to 
dillend  it  in  all  its  parts  ; and  this  enormous  mafs 
ci/cended  in  the  air  with  fucli  velocity,  that  in  lefs  than 
ten  minutes  it  reached  the  height  of  above  6 thoufand 
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feet  , when  a breeze  carried  It  in  an  horizontal  direc- 
tion to  the  dillanee  of  7668  fe^t,  or  near  a mile  and  a 
half,  where  it  defeended  gently  to  the  ground. 

As  foon  as  the  news  of  this  experiment  reached 
Pari?,  the  philofo'phcis  of  that  city,  conceiving  that  a. 
new  fpecics  of  gas,  of  about  half  the  weight  of  com- 
mon air,  had  been  difeovereJ  by  Mclfrs.  Montgolfier; 
and  knowinof  that  the  wei<dit  of  inflammable  air  was 
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but  about  the  clghiJj  or  tenth  pait  of  the  weight  of 
common  air,  they  jullly  concluded  that  inflammabL 
air  would  anfwer  the  purpofe  of  this  experiment  bet- 
ter than  the  gas  of  Montgolfier,  and  accordingly  they 
refolved  to  make  tilal  of  it. 

A fubfeription  was  opened  by  M.  F'aujas  de  St.  Fond, 
towards  defraying  the,  expence  of  the  experiment,  A 
^ulfleient  fum  ot  money  having  foon  been  raifed. 
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MeiTrs.  RoI>ei'ts  were  appointed  to  conil:ru6l  the  ma- 
chine, and  [VL  Charles,  profeiior  of  experimental  pliilo- 
fophy,  to  fuperintend  the  work.  After  a confiderable 
time  fpent,  and  furmonnting  many  dirficulties  in  ob* 
taining  a fufricicnt  quantity  of  inflammable  air,  and 
fearching  out  a fubftance  bAht  enoiiAi  for  the  cover- 
ing,  they  at  length  conftrufted  a globe  of  the  filk  called 
luteftring,  which  was  rendered  impcndous  to  the  in- 
clofed  air  by  a varnifn  of  elaftic  gum  or  caeiitchouc, 
diffolved  in  fome  kindof  fpirlt  or  efTentialoi],  The  dia- 
meter of  this  globe  was  about  feet ; and  it  had  only 
one  aperture,  like  a bladder,  to  which  a Ilop-cock  was 
adapted;  and  the  wmight  of  this  covering,  when  empty, 
together  with  that  of  the  fcop-cock,  was  25  pounds. 

On  the  23d  of  Augiifl;  1783,  they  began  to  fill  the 
globe  with  infiaram.able  air  ; but  this,  being  their  firft 
attempt,  was  attended  with  many  obflirudlions  and  dif- 
appointments,  which  took  up  two  or  three  days  to  over- 
come. 

At  length  however  it  was  prepared  for  exhibition, 
and  on  the  27th  it  was  carried  from  the  Place  des  Vic- 
toires,  where  it  had  been  prepared,  to  the  Champs  de 
Mars,  a fpacious  open  ground  in  the  front  of  the  Mili- 
tary School,  where,  after  introducing  fome  more  in- 
flammable air,  and  difengaging  it  from  the  cords  by 
which  it  was  held  down,  it  rofe,  in  lefs  than  two  mi- 
nutes, to  the  height  of  3123  feet:  the  fpecihc  gravity 
of  the  balloon,  when  it  went  up,  being  35  pounds  lefs 
than  that  of  common  air.  At  that  height  the  balloon 
entered  a cloud,  but  foon  appeared  again  ; and  at  lafl 
it  was  loll  among  other  clouds.  After  boating  about 
in  the  air  for  about  three  quarters  of  an  hour,  It  fell  in 
a field  about  15  miles  from  the  place  of  Its  afcent  y 
where,  as  we  may  eafily  imagine,  it  occafioned  great 
amazement  to  the  peafants  who  found  it.  Its  fall  was 
owing  to  a rent  in  the  covering,  probably  occafioned 
by  the  fuperior  elaflicity  of  the  inflammable  air,  over 
that  of  the  rare  part  of  the  atmofphere  to  which  it 
had  afcended. 

In  confequence  of  this  brilliant  experiment,  num- 
berlefs  fmali  balloons  were  made,  moflly  of  gold- 
beater’s flcin,  from  6 and  9 to  18  or  20  inches  dia- 
meter ; their  cheapnefs  putting*  it  in  the  power  of 
almoff  every  family  to  fatisfy  its  curiofity  relative  to 
the  new  experiment ; and  in  a few  days  time  balloons 
were  feen  flying  all  about  Paris,  from  wlicnce  they 
were  foon  after  fent  abroad. 

Mr.  Jofeph  Montgolfier  repeted  an  experiment  with 
a machine  of  his  conflrudllon  before  the  commiffaries 
of  the  Academy  of  Sciences,  on  the  nth  and  12th 
of  September,  The  machine  was  about  74  feet  high, 
and  43  feet  in  diameter ; it  was  made  of  canvafs, 
covered  with  paper  both  within  and  without,  and 
weighed  i©oo  pounds.  It  was  filled  with  rarefied  air 
in  9 minutes,  and  in  one  trial  the  weight  of  eight 
men  was  not  fuffleient  to  keep  it  down.  It  was  not 
fiiffered  to  go  up,  as  it  had  been  intended  for  ex- 
hibition before  the  Royal  Family,  a few  days  after. 
By  the  violence  of  the  rain,  however,  which  fell  about 
this  time,  it  w’as  fo  much  fpoiled,  that  he  thought 
proper  to  conflruA  another  for  that  purpofe,  in  which 
he  ufed  fo  great  difpatch,  that  it  was  completed  in 
the  fhort  fpace  of  four  days  time.  This  machine 
was  conflrucced  of  cloth  made  of  linnen  and  cotton 
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thread,  and  painted  with  water  colours  both  within 
and  without.  Its  height  was  60  feet,  and  diameter 
43  feet.  Having  made  the  neceflary  preparation  for 
inflating  it,  the  operation  was  begun  about  one  o’clock, 
on  the  19th  of  the  fame  month,  before  the  king 
and  queen,  the  court,  and  the  inhabitmus  of  the  place, 
as  well  as  all  the  Parifians  who  could  procure  a con- 
veyance to  VTrfailles.  The  balloon  was  foon  filled, 
and  in  eleven  minutes  after  the  commencement  of  the 
operation,  tlie  ropes  being  cut,  it  afcended,  bearing 
up  witli  it  a wicker  cage,  containing  a cock,  a duck,  and 
a iheep,  the  firil  animals  that  ever  afcended  into  the 
atmofpliere  with  an  aeroflatic  machine.  Its  power  of 
afceniion,  or  the  x-s^eight  by  which  it  was  lighter  than 
an  equal  bulk  of  common  air,  allowing  for  the  ani  thals 
and  their  cage,  was  696  pounds.  The  balloon  rofe 
to  the  height  of  14.^0  feet;  and  being  driven  by  the 
wind  for  the  fpace  of  eight  minutes,  it  gradually 
defeended  in  coniequence  of  two  large  rents  made  in 
the  covering  by  the  wind,  and  fell  in  a wood  at  the 
diftance  of  10,200  feet,  or  about  two  miles  from 
Verfailles.  The  animals  landed  again  as  fafe  as  when 
they  went  up,  and  the  fncep  was  found  feeding. 

The  fuccefs  of  this  experiment  induced  M.  Pilatre 
de  Rozier,  with  a philofophical  intrepidity  which  will 
be  recorded  with  applaufe  in  the  hiftory  of  aeroftation, 
to  offer  himfelf  as  the  firft  adventurer  in  this  aerial  na- 
vigation. For  this  purpofe  M.  Montgolfier  conftruided 
a new  machine,  of  an  oval  fhape,  in  a garden  of  the 
fauxboiirg  St.  Antoine  ; its  diameter  being  about  48 
feet,  and  height  74  feet.  To  the  aperture  in  the 
lower  part  was  annexed  a wicker  gallery  about  three 
feet  broad,  with  a balluflrade,  of  three  feet  high. 
From  the  middle  of  the  aperture  an  iron  grate,  or 
brazier,  was  fufpended  by  chains,  deicending  from 
the  Tides  of  the  machine,  in  which  a fire  was  lighted 
for  inflating  the  machine  ; and  towards  the  aperture 
port-holes  were  opened  In  the  gallery,  through  which 
any  perfon,  who  might  venture  to  afeend,  might  feed 
the  fire  on  the  grate  with  fuel,  and  regulate  at  pleafure 
the  dilatation  of  the  air  Inclofed  In  the  machine  : the 
weight  of  the  whole  being  upwards  of  1600  pounds. 
On  the  Jyth  of  Oftober  1783,  the  fire  being  lighted, 
and  the  balloon  inflated,  M.  P.  de  Rozier  placed  him- 
felf in  the  gallery,  and,  to  the  aflonifliment  of  a mul- 
titude of  fpeeftators,  afcended  as  high  as  the  length  of 
the  reftraining  cords  would  permit,  which  was  about 
84  feet  from  the  ground,  and  there  kept  the  machine 
afloat  about  four  minutes  and  a half,  by  repeatedly 
throwing  llraw  and  wool  upon  the  fire  ; the  machine 
then  defeended  gradually  and  gently,  through  a me- 
dium of  increafing  denfity,  to  the  ground ; and  the 
intrepid  adventurer  aflured  the  admiring  fpeffators  that 
he  had  not  experienced  the  leaft  inconvenience  in 
this  aerial  excurfion.  This  experiment  was  repeted 
on  the  17th  with  nearly  the  fame  fuccefs  ; and  again 
feveral  times  on  the  19th,  when  M.  P.  de  Rozier,  by 
a partial  afee-nt  and  defeent,  feveral  times  repeted, 
evinced  to  the  multitude  of  obfervers  that  the  machine 
may  be  made  to  afeend  and  defeend  at  the  pleafure 
of  the  aeronaut,  by  merely  increafing  or  diminifliing 
the  fire  in  the  grate.  The  balloon  having  been 
hauled  down,  by  the  ropes  which  always  confiiied  it, 
M.  Gironde  de  Villette  placed  himfelf  in  the^ gallery 
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oppofite  to  M.  de  Rozicr,  and  the  machine  hting 
fuffered  to  afeend,  it  hovered  for  about  9 minutes 
over  Paris,  in  the  light  of  all  its  inhabitants,  at  tlie 
height  of  330  feet.  And  on  their  defeending,  the 
marquis  of  Arlandes  afeended  with  JM.  de  Rozier 
much  in  the  fame  manner. 

In  confequence  of  the  report  of  thefe  experiments, 
figned  by  the  commilTaries  of  the  Academy  of  Sci- 
ences, it  was  ordered  that  the  annual  prize  of  600 
livres  dmuld  be  given  to  Melfrs.  Montgolfier  for  the 
year  1783. 

In  the  experiments  above-recited,  the  machine  was 
always  fecured  by  long  ropes,  to  prevent  its  entire 
efcape  : but  they  were  foon  fucceeded  by  unconfined 
aerial  na\igation.  For  this  piirpofe  the  fame  balloon  of 
74  feet  in  height  was  conveyed  to  La  Miicttc,  a royal 
palace  in  the  Bois  de  Boulogne  : and  all  things  being 
got  ready,  on  the  2 ] ft  of  November  1783,  M.  P.  de 
Rozier  and  the  marquis  d’Arlandes  took  tlieir  poll  in 
oppofite  lides  of  the  gallery,  and  at  54  minutes  after 
one  the  machine  was  abfolutely  abandoned  to  the  ele- 
ment, and  it  afeendvd  calmly  and  majelUcally  in  the 
atmofphere.  On  reaching  tfie  height  of  about  280 
feet  the  intrepid  aeronauts  waved  their  hats  to  the 
aftonifiied  multitude  : but  they  foon  after  role  too 
high  to  be  dilllngulfhed,  and  it  is  fuppoled  they  rofe 
to  more  than  3000  feet  in  height.  At  firfi:  they  were 
driven,  by  a north-well  wind,  horizontally  over  the 
river  Seine  and  part  of  Paris,  taking  care  to  clear  the 
ileeples  and  high  buildings  by  increafing  the  fire  ; 
and  in  rifing  they  met  with  a current  of  air  which 
carried  them  fouthward.  Having  thus  palled  the 
Boulevard,  and  finally  defilling  from  fupplying  the 
fire  with  fuel,  they  defeended  very  gently  .n  a field 
beyond  the  new  Boulevard,  about  9000  yards,  or  a 
little  more  than  5 miles  dillant  from  the  palace  de  La 
Muette,  having  been  between  20  and  23  minutes  in 
the  air.  The  weight  of  the  whole  apparatus  Including 
that  of  the  two  travellers,  was  between  i6co  and  lyco 
pounds. 

Notwithllanding  the  rapid  progrefs  of  aerollation 
in  France,  it  is  remarkable  that  we  have  no  authentic 
account  of  any  experiments  of  this  kind  being  at- 
ternpted  in  other  countries.  Even  in  our  own  illand, 
where  all  arts  and  fciences  find  an  indulgent  nuriei'y, 
and  many  their  birth,  no  aerollatic  machine  was  feen 
before  the  month  of  November  1783.  Various  fpecu- 
lations  have  been  made  on  the  reafons  of  this  llrange 
negledl  of  fo  novel  and  brilliant  an  experiment.  But 
none  feemed  to  carry  any  Ihew  of  probability  except 
that  it  was  faid  to  be  dlfcouraged  by  the  leader  of  a 
philofophical  foclety,  exprefsly  Inllitutcd  for  the  im- 
provement of  natural  knowledge,  for  the  reafon,  as  it 
was  faid,  that  it  was  the  dlicovery  of  a neighbounng 
nation.  Be  this  however  as  it  may,  it  is  a fa<ft  that 
the  firft  aerollatic  experiment  was  exhibited  in  England 
by  a foreigner  unconnected  and  unfupporied.  This 
was  a count  Zambeccari,  an  ingenious  Italian,  who 
happened  to  be  in  London  about  that  time.  He  made 
a balloon  of  oiled-filk,  10  feet  in  diameter,  weighing 
only  1 1 pounds : It  was  gilt,  both  for  ornament,  and 
to  render  it  more  impermeable  to  the  inflammable  air 
with  which  it  was  to  be  filled.  The  balloon,  after 
being  publicly  fhewn  for  feveral  days  in  London,  was 


carried  to  the  Artillery  Ground,  and  there  being  filled 
about,three-quarters  with  inflammable  air,  and  having 
a direction  inclofed  in  a tin  box  for  any  perfoii  by  whom 
it  fliould  afterwards  be  found,  it  was  launched  about 
one  o’clock  on  the  23th  of  November  1783.  At 
liaif  pall  three  it  was  taken  up  near  Petworth  in  Suflex, 
48  miles  dillant  from  London  ; fo  that  it  travelled  at 
the  rate  of  near  20  miles  an  hour.  Its  defeent  was 
occafioned  by  a rent  in  the  filk,  which  mull  have  been 
the  effeCl  of  the  rarefaction  of  the  inflammable  airwlien 
the  balloon  afeended  to  a rarer  part  of  the  atmofphere. 

The  Freucli  philofophers  having  executed  the  firlt 
aerial  voyage  with  a balloon  inflated  by  heated  air,  re- 
folved  to  attempt  a fimilar  voyage  with  a balloon  filled 
with  inflammable  air,  which  feemed  to  be  preferable 
to  dilated  air  in  every  relpeCl,  the  expence  of  preparing 
it  only  excepted.  \ fiihfcription  was  opened  how- 
ever to  defray  that  expence,  which  was  ellimated  a<: 
about  ten  thoufand  livres  ; and  the  balloon  was  con- 
flruCled  by  Melfrs.  Roberts,  of  gores  of  lilk,  varnifhed 
with  a folution  of  elaltic  gum.  I ts  form  was  fphevical, 
and  it  meafured  27 f feet  in  diameter.  The  upper 
hemifphere  was  covered  by  a net,  which  was  fallened 
to  a hoop  encircling  its  middle,  and  called  its  equator. 
To  this  equator  was  fufpeuded  by  rojres  a car  or  boat, 
covered  with  painted  linen,  and  beautifully  ornamented, 
which  fwimg  a few  feet  below  the  balloon.  To  pre- 
vent the  burlling  of  the  machine  by  the  expanfion  of 
the  inflammable  air  in  a rarer  medium,  or  to  caufe  the 
balloon  to  defeend,  it  was  furnilhed  with  a valve,  which 
might  be  opened  by  means  of  a firing  defeending  from 
it,  for  difeharging  a part  of  the  internal  air,  without 
admitting  the  external  to  enter  : And  the  car  was 
ballalled  with  bags  of  fand,  for  the  purpofe  of  light- 
ening it  occafionally,  and  cauflng  it  to  afeend : fo 
tliat  by  letting  fome  of  the  air  efcape  through  the  valve, 
they  might  defeend  ; and  by  difeharging  fome  of  their 
fand  ballall,  afeend.  To  this  balloon  was  likewife 
annexed  a long  pipe  by  which  it  was  filled.  The  ap- 
paratus for  filling  it  confifled  of  feveral  cafles  placed 
round  a large  tub  of  water,  each  having  a long  tin  tube, 
that  terminated  under  a veflel  or  funnel  which  was  in- 
verted into  the  water  of  the  tub,  and  communicated 
with  the  long  pipe  annexed  to  the  lower  part  of  the 
balloon.  Iron  filings  and  diluted  vitriolic  acid  being 
put  into  the  calks,  the  inflammable  air  which  was  pro- 
duced from  thefe  materials,  pafled  through  the  tin 
tubes,  thence  through  the  water  of  the  tubs  to  the  in- 
verted funnel,  and  fo  through  the  pipe  into  the  balloon. 
When  Inflated,  the  weight  of  the  common  air  which 
was  equal  in  bulk  to  the  balloon,  was  77 pounds 
alfo  the  power  of  afccnlion,  or  weight  juft  neceflary 
to  keep  it  from  afeending,  was  20  pounds,  and  the 
weight  of  the  balloon,  with  its  car,  paftengers,  and  all 
Its  appendages,  was  604L  pounds,  which  two  together 
make  624^  pounds:  and  this  taken  from  77 1|  pounds, 
the  weight  of  common  air  difplaced,.  leaves  147  pounds, 
for  the  weight  of  the  inflammable  air  contained  in 
the  balloon,  and  wdilch  is  to  771^  pounds,  the  weight 
of  the  fame  bulk  of  common  air,  nearly  as  1 to  5^  ; 
that  is,  the  inflammable  air  iifed  in  this  experiment 
was  times  lighter  than  common  air. 

The  firft  of  December  was  fixed  on  for  the  difplay 
of  this  grand  experiment ; and  every  preparation  was. 
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■-fr.p.dc  for  condufling’  it  with  advantage.  The  garden 
the  rhuilleries  at  Pan’s  was  the  I’cene  of  operation; 
which  ^^■as  foon  crowded  and  encompafTed  with  a pro- 
r-digious  multitude  of  oblervers.  Signals  were  given, 
from  - time  to  time,  by  tlie  firing’  of  cannon,  waving 
of  flags,  See  : and  a Imall  montgolher  was  launched, 


f* 
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for  flicwing  the  diredlion  of  the  wind,  and  for  the 
amufement  of  the  people  previous  to  the  general  dif- 
play.  At  three  quarters  after  one  o’clock,  M.  Charles 
and  one  of  the  Roberts,  having  feated  themfelves  in  the 
'boat  attached  to  the  balloon,  and  being  furnirned  with 
proper  infti  nments,  cloathing,  and  provifions,  left  the 
ground,  and  afeended  with  a moderately  accelerated 
^velocity  to  the  height  of  about  600  yards;'  the  fur- 
rounding multitude  Handing  filent  with  fear  and 
amazement  ; wliile  the  aerial  navigators  at  this  height 
made  fignals  of  their  fafety.  When  they  left  the 
ground,  the  thermometer,  according  to  Fahrenheit’s 
icale,  flood  at  59  degrees  ; and  the  barometer,  at 
30“ 1 8 inches:  and  at  the  ntmoft  height  to  which 
ihey  afeended,  tlie  barometer  fell  to  27  inches;  from 
-which  they  deduced  their  height  as  above  to  be  600 
yards,  or  one  third  part  of  a mile.  During  the  refl 
of  the  voyage  the  quickfilver  in  the  barometer  was 
generally  between  27  and  27*65  inches,  rifing  and 
falling,  as  part  of  the  ballaft  was  thrown  out,  or  fome 
of  the  inflammable  air  efeaped  from  the  balloon.  The 
thermometer  genei’cilly  flood  between  53  and  57  de- 
grees. Soon  after  their  afeent,  they  remained  fra- 
tionary  for  fome  time  ; they  then  moved  horizontally 
in  the  direffion  north- north' weft  : and  having  croffed 
the  Seine,  and  paffed  over  feveral  towns  and  villages, 
to  the  great  amazemient  of  the  inhabitants,  they  de- 
feended  in  a field,  about  27  miles  diftant  from  Paris, 
at  three-quarters  paft  3 o’clock  ; fo  that  they  had 
travel-led  at  the  rate  of  near  i 5 miles  an  hour,  without 
feeling  the  leaft  inconvenience. 

The  balloon  ftill  containing  a confiderable  quantity 
of  inflammable  air,  M,  Charles  re-afeended  alone,  and 
it  was  computed  he  went  to  the  height  of  3100 
-ymrds,  or  almoft  2 miles,  the  barom.eter  being  then 
at  20  Englifh  inches ; having  amufed  himfelf  in  the 
air  about  33  minutes,  he  pulled  the  ftfing  of  the 
valve,  and  defeended  at  3 miles  diftance  from  the 
place  of  his  alcent.  All  the  inconvenience  he  ex- 
perienced in  his  great  elevation,  was  a dry  fiiarp  cold, 
with  a pain  in  one  of  his  ears  and  a part  of  his 
face,  which  he  aferibed  to  the  dilatation  of  the  internal 
air  : a circumftance  that  ufually  happens  to  perfons  who 
fuddenl^/  change  the  denfity  of  their  atmofphere,  either 
by  afeending  into  a rarer,  or  defeending  into  a denfer 
one.  The  fmall  balloon,  launched  at  the  beginning  by 
M.  Montgolfier,  was  found  to  have  moved  in  a direction 
oppofite  to  that  of  the  aeronauts  ; from  which  it  is  in- 
ferred that  there  were  two  currents  of  air  at  different 
heights  above  the  earth. 

In  the  month  of  December  this  year,  feveral  expe- 
riments were  made  at  Philadelphia  in  America  ’.vith 
air  balloons,  by  Meffrs.  Rittenhoufe  and  Hopkins. 
They  conftruFted  and  filled  a great  many  fmall  balloons, 
and  conneAed  them  together  ; in  which  a man  went 
lip  feveral  times,  and  was  drawn  down  again  ; and 
finally,  the  ropes  being  cut,  he  afeended  to  the  height 
c»f  100  feet,  and  floated  to  a confiderable  diffance ; but, 


being  afraid,  ho  cut  open  the  balloons  with  a kiuhTy 
and  fo  defeended. 

About  the  clofe  of  this  year  fmall  balloons  were  fent 
up  in  many  places,  and  were  become  very  common  in 
iome  paits  of  France  and  Fngktnd.  And  in  the  be-’ 
ginning  of  tire  year  following,  their  number  and  mag- 
nitude increafed  confiderably  ; and  fom.e  of  the  more 
remarkable  ones  were  as  follow; — -On  the  iptli  of 
January  M.  jofeph  Montgolfier,  accompanied  by  fix 
other  perfons,  afeended  from  Lyons  wiJj  a rarefied -air 
• balloon,  to  the  lieight  of  inoo  yards.  I’liis  was  the 
largefl  machine  that  had  been  hitherto  made,  being  13 1 
feet  big}!,  and  104  feet  in  diameter:  it  was  formed  of 
a double  covering  of  linen,  with  three  layers  of  paper 
between  them  ; and  it  weighed,  wlien  it  went  up,  1600 
pounds,  including  the  galler)’-,  paffengers,  See.  ' It  w'as 
at  firft  intended  for  fix  paffengers  ; but  before  it  went 
up,  it  was  not  judged  fafe  to  freight  it  with  more  than 
three  ; however  no  authority  nor  felicitations  could 
prevail  upon  any  of  the  fix  to  quit  their  place,  nor  even 
to  caft  lots  which  three  fliould  refign  their  pretenfions  : 
fo  tliat  the  fpeefators  faw  them  ail  afeend  with  terror 
and  anxiety  : and  to  add  to  their  dift’refs,  when  the 
ropes  were  cut,  and  the  machine  had  afeended  a foot  or 
two  from  the  ground,  a feventh  perfon  fuddenly  leaped 
into  the  gallery,  and  the  fire  being  increafed,  the  whole 
afeended  together.  To  add  to  the  terror  of  the  feene., 
after  being  in  the  air  about  i 5 minutes,  a large  rent 
of  about  50  feet  in  length  Was  made  by  the  balloon 
taking  fire,  in  confequence  of  wlu’ch  it  defeended  very 
rapidly  to  the  ground,  though  fortunately  without  in-, 
jury  to  any  of  the  aeronauts. 

On  the  2 2d  of  February  an  inflammable  air  balloon 
was  launched  fiom  Sandwich  in  Kent.  It  was  but 
a fmall  one,  being  only  5 feet  in  dian\eter  ; but  it  was 
rendered  remarkable  by  being  the  firft  machine  that 
croffed  tlie  tea  trom  England  to  France.  It  was  found 
in  a field  at  Warneton,  about  9 miles  from  Lifle  in 
French  Flanders,  two  hours  and  a half  after  it  left 
Sandwich,  the  diftance  being  about  74  miles  ; io  that 
it  floated  at  the  rate  of  about  30  miles  an  hour. 

The  chevalier  Paul  Andreani,  of  Milan,  was  the 
firft  aerial  traveller  in  Italy.  The  chevalier  was  at  the 
foie  expence  of  this  miachine,  but  w'as  afllfted  in  the 
conftrudLion  by  two.  brothers  of  the  name  of  Gerli. 
They  all  three  afeended  togetlier  near  Milan  on  the 
2:;th  of  February,  and  remained  in  the  atmofphere 
about  20  minutes,  when  they  defeended,  all  their  fuel 
beinej*  exhaufted.  This  machine  was  a montp-olficr,  of 
a fpherical  fliape,  and  about  68  feet  in  diameter.  From 
calculations  made  on  the  power  of  this,  and  other 
machines  of  the  fame  fort,  it  appears  that  the  included 
air  is  rarefied  commonly  but  about  one-third,  or  that 
the  included  warm  air  weighs  about  two-thirds  of  the 
fame  bulk  of  the  external  or  common  air. 

The  next  aerial  voyage  w^as  ptrformed  on  the  2d  of 
March  1784,  by  M.  Jean  Pierre  Blanchard,  a man 
wdio  has  fince  that  time  made  more  voyages  than  any 
other  perfon,  and  who  has  rendered  Iiimlelf  famous 
by  being  the  firft  who  has  floated  in  the  air  over 
the  channel  from  England  to  France.  M.  Blau- 
cliai'd  it  feems  had  for  many  years  been  in  pnrfuit  of 
mechanical  means  for  flying  through  tire  air  ; but  on 
hearing  of  the  late  invented  air  balloons,  he  dropped 
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Kis  former  purfuits,  and  turned  his  attention  to  them. 
Ke  accordingly  conftrudled  one  of  27  feet  diameter, 
to  which  a boat  was  fnfpended  with  two  wings,  and  a 
rudder  to  iteer  it  by,  as  alfo  a large  parachute  fpread 
horizontally  between  the  boat  and  the  balloon,  deligned 
to  check  the  fall  in  cafe  the  balloon  fliould  burfl.  The 
machine  being  filled  with  inflammable  air,  he  afeended, 
from  the  Champs  de  Mars  at  Paris,  to  the  height  of 
near  ten  thoufand  feet,  or  almofl  2 miles  ; and  after 
floating  in  the  air  for  an  hour  and  a quarter,  he  de- 
feended  at  Billancourt  near  Seve,  having  experienced 
by  turns  heat,  cold,  hunger,  and  an  exceflive  drowfinefs. 
It  appears  from  his  own  account,  and  as  might  have 
been  expefted,  that  the  wings  and  rudder  of  his  boat 
had  little  or  no  power  in  turning  the  balloon  frbm  the 
diredlion  of  the  wind. 

In  the  couife  of  this  year,  17S4,  aeroflatic  experi- 
ments and  aerial  voyages  became  fo  frequent,  that  the 
limits  of  this  article  will  not  allow  of  any  thing  farther 
than  mentioning  thofe -which  were  attended  with  any 
remarkable  circumllances.  On  the  25th  of  April, 
MefTrs.  de  Morveau  and  Bertrand  afeended  from  Dijon, 
with  an  inflammable-air  balloon,  to  the  height  of  thir- 
teen thoufand  feet,  or  near  2 miles  and  a half,  where 
the  thermometer  maiked  25  degrees.  I'hey  were  in 
the  air  1 hour  and  25  minutes,  in  which  time  they 
floated  18  miles. 

On  the  20th  of  May,  four  ladies  and  a gentleman 
afeended  from  Paris,  in  a laige  montgolfier,  above  the 
highefl  buildings,  and  remained  fnfpended  there  a con- 
fiderable  time,  the  balloon  being  confined  by,  ropes 
from  flying  away. 

On  the  2 3d  of  May,  M.  Blancha/d,  with  the  fame  bal- 
loon as  before,  afeended  from  Rouen,  to  fuch  height  that 
the  mercury  in  the  barometer  flood  at  20*57  inches, 
which  on  the  earth  had  been  at  30*16.  It  was  ob- 
ferved  that  in  this  voyage  M.  Blanchard’s  wings  or  oars 
could  not  turn  him  afide  from  the  diredUon  of  the  wind. 

On  the  4ih  of  June  M.  Fleurant  and  Madame 
Thible,  the  firfl  lady  who  made  an  aerial  voyage,  af- 
cended  at  Lyons  in  a machine  of  70  feet  diameter. 
They  went  to  the  heigiit  of  8500  feet,  and  floated 
about  2 miles  in  45  minutes. 

On  tlie  14th  of  June,  M.  Couflard  de  Mafii  and 
M,  Moucliet  afeended  at  Nantes  to  a great  height, 
with  a balloon  of  327  feet  diameter,  filled  with  in- 
flammable air  extracted  from  zlnk  ; and  they  floated 
to  the  diftance  of  27  miles  in  58  minutes. 

On  the  23d  of  June,  the  firfl  aerial  traveller  M. 
Pilatre  de  Rozier,  accompanied  with  M.  Prouts,  af- 
eended  at  Verfailles,  in  the  prefence  of  the  royal  family 
and  the  king  of  Sw'eden,  with  a large  montgolfier, 
wTofe  diameter  w'as  79  feet,  and  its  height  91  feet 
and  a half.  They  floated  to  the  diflance  of  3()  miles 
in  three-quarters  of  an  hour,  when  they  defeended, 
which  is  at  the  rate  of  48  miles  an  hour.  In  eonfe- 
qiience  of  tills  experiment  the  king  granted  to  M.  de 
Rozier  a penfion  of  20C0  livres. 

On  the  15th  of  July  the  duke  of  Chartres,  the  two 
brothers  Roberts,  and  a fourth  perfon  afeended  from 
the  park  of  St.  Cloud,  with  an  inflammable-air  machine, 
of  an  oblong  form,  its  diameter  being  34  feet,  and  its 
length,  which  went  in  a direffion  parallel  to  the  horizon, 
was  53  h feet ; and  they_  remained  in  the  atmofp.here 


for  45  minutes  In  the  greatefl  fear  and  danger.  The' 
machine  contained  an  interior  fmall  balloon,  filled  with 
common  air,  by  means  of  wdilch  it  was  propofed  to 
caufe  the  machine  to  afeend  or  defeend  without  the  lofs 
of  any  inflammable  air  or  ballafl  : and  the  boat  was 
furnifhed  wdth  a helm  and  oars,  which  were  intended 
to  guide  it.  Three  minutes  after  afcendiiig,  the  ma- 
chine was  loft  in  the  clouds,  and  involved  in  a denfe 
vapour.  A violent  agitation  of  the  air,  refembling  a _ 
whirlwind,  greatly  alarmed  the  aeronauts,  turned  the 
machine  three  times  round  in  a moment,  and  gave  it 
fuch  fhocks  as  prevented  them  from  ufing  any  of  their 
inllruments  for  managing  the  machine.  After  many 
flruggles,  with  great  difliculty  tliey  tore  about  7 or  8 
feet  of  the  lower  part  of  the  covering,  by  wdiich  the  iti- 
flamable  air  cfcaped,  and  they  defeended  to  the  ground 
with  great  rapidity,  though  without  any  hurt.  At 
the  place  of  departure  the  barometer  flood  at  30*12' 
inches,  and  at  thtir  greatefl  elevation  it  flood  at  24*36 
inches;  fo  that  their  afeent  was  about  5100  feet,  or 
neat  one  milel 

On  the  1 8th  of  July,  M,  Blanchard,  with  a Mr. • 
Boley,  made  his  third  voyage  with  the  lame  balloon  as 
he  had  before,  and  rofe  fo  high  as  to  link  the*  liarometer 
from  yo'i  to  25*34  Inches,  anlwering  to  a height  of 
about  4600  feet.  In  2 hours  and  a quarter  they  floated 
45  mile's,  which  Is  at  the  rate  of  20  miles  an  hour.  In 
this  voyage  M.  Blanchard  pretended  that  he  was  able 
to  turn  the  machine  with  his  wiims,  and  to  make  It  af* 
cend  and  defeend  at  plealurc.  ^\fter  defe'enillng,  it 
Is  fald  the  balloon  remained  ail  the  niglit  at  anchoi  full  of 
air;  and  that  the  next  day  fevcral  ladies  amufed  them-- 
felves  bv  afeending  fucceflivcly  to  the  tielght  of  80 
feet,  the  length  of  the  ropes  by  which  it  was  anchored. 

In  the  courfe  of  this  fummer  two  perions  h:id  nearly 
loft  their  lives  bv  afeending-  with  machines  of  warmed 
air.  The  one  in  Bpaln,  on  tlie  5th  of  June,  by  the 
machine  taking  fire,  was  much  burnt,  and  fo  liurt  by 
the  fall  tliat  his  life  was  long  defpairtd  of.  d'lie  latter 
having  afeended  a few  feet,  the  machinery  entangled ' 
under  the  eves  of  a hoiife,  which  broke  the  ropes,  and 
t.he  man  fell  about  twemty  feet  : the  machine  prefently 
took  fire,  and  was  confumed.  Other  montgollicrs  were 
alfo  buined  about  London,  by  taking  fire,  through  the 
defeifls  of  their  conflruclion. 

The  firit  aerial  voyage  performed  in  England  was  • 
by  one  Vincent  Liinardi,  a native  of  Italy*,  who  af- 
eended from  the  Artillery  Ground,  London,  with  an 
inflammable-air  balloon  on  tlie  15th  of  September, 
His  machine  was  made  of  oiled  lilk,  p>ainted  In  alter- 
nate llripes  of  blue  and  red  ; and  its  diameter  was  33 
feet.  Erorn  a net,  which  covered  about  two-thirds  of 
the  balloon,  45  cords  defeended  to  a hoop  hanging 
below  the  balloon,  to  which  the  gallery  was  attached. - 
The  machine  had  no  valve  ; and  Its  neck,  wdiich  ter- 
minated In  the  form  of  a pear,  was  the  aperture 
through  wdiich  the  inflammable  air  was  introduced,  and 
through  which  it  might  be  let  out.  The  balloon  was 
filled  with  air  produced  from  ziiik  by  means  of  diluted 
vitriolic  acid.  And  wdien  the  aeronaut  departed,  at  - 
2 oRlock,  he  took  up  wdth  him  a dog,  a cat,  and  a 
pigeon.  After  throwing  out  fome  land  to  clear  the  * 
houfes,  he  afeended  to  a conliderable  lieight ; and  the 
dire6lion  of  his  motion  at  firfl  was  north-w'cfl  by  weft ; . 
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blit  as  tlie  balloon  rofe  hiirber,  it  came  into  another 
current  of  ?nr,  which  carried  it  nearly  north.  In  the 
coiirfe  of  his  voyage  the  thermometer  was  as  low  as 
29  degrees,  and  the  drops  of  water  which  had  collecled 
round  the  balloon  were  frozen.  About  half  after 
three  he  deltended  very  near  the  ground,  and  landed 
the  cat,  vrhich  was  almoft  dead  with  cold  : then  riling, 
he  profeciited  his  voyage,  till  at  10  minutes  pall 
4 o’clock  he  landed  near  Ware  in  Hertforddiire.  He 
pretends  tliat  he  defeended  by  means  of  his  oars  or 
wings  ; but  other  circumllances  related  by  liim,  ftrhngly 
contradiif  the  fafi. 

The  longed  and  mod  Intereding  voyage  performed 
about  this  time,  was  that  of  Mdfrs.  Roberts  and  M. 
Colin  Hulliii,  who  alcended  at  Paris,  at  noon  on  the  J9th 
of  September,  with  an  aerodat,  filled  with  inflammable 
air,  which  was  27^  feet  in  diameter,  and  46I  feet  long, 
the  machine  being  made  to  float  with  its  longed  part 
parallel  to  the  horizon,  and  having  a boat  of  near  17 
feet  long  attached  to  it.  The  boat  was  fitted  up  with 
feveral  wings  or  oars,  lhaped  like  an  umbrella,  and  they 
afeended  at  1 2 o’clock  with  450  pounds  of  fand  ballad, 
and  after  various  manoeuvres  finally  defeended,  at  40 
minutes  pad  6 o’clock,  near  Arras  in  Artois,  150  miles 
from  Paris,  having  dill  200  pounds  of  ballad;  remaining 
in  the  boat.  In  one  part  they  found  the  current  of 
air  uniform  from  600  to  4200  feet  high,  which  it  feems 
was  their  greated  height,  and  the  fall  of  the  barometer 
had  been  near  5*6  degrees.  They  found  that  by 
means  of  their  oars  they  could  accelerate  their  courfe  a 
little  in  the  direflion  of  the  wind,  when  it  moved 
flowly,  which  may  be  true  ; but  there  is  great  reafon 
to  doubt  of  the  accuracy  of  their  experiments  by  which 
they  pretended  to  caufe  their  path  to  deviate  about 
22  degrees  from  the  wind,  going  with  a confiderable 
velocity. 

The  fecond  aerial  voyage  In  England,  was  performed 
by  Mr.  Blanchard,  and  Mr.  Sheldon  profeflbr  of  ana-^* 
tomy  to  the  Royal  Academy,  being  the  fird  Englidi- 
man  who  afeendt  d with  an  aerodatic  machine.  They 
alcended  at  Chelfea  the  1 6th  of  October,  at  9 minutes 
pad  1 2 o’clock.  Mr.  Blanchard  having  landed  Mr. 
Sheldon  at  about  14  miles  from  Chelfea,  re-afeended 
alone,  and  finally  landed  near  Rumfey  In  Hampfliire, 
about  75  miles  dillant  from  London,  having  gone 
nearly  at  the  rate  [of  20  miles  an  hour.  The  wings 
ufed  on  this  occafion  it  feems  produced  no  deviation 
from  the  direction  of  the  wind.  Mr.  Blanchard  faid 
that  he  afeended  fo  high  as  to  feel  a great  difficulty  of 
breathing;  and  that  a pigeon,  which  flew  away  Irom 
the  boat,  laboured  for  fome  time  to  fudaiii  itfdf  with 
its  wings  in  the  rarefied  air,  but  after  wandering  a good 
while,  returned,  and  relied  on  the  fide  of  the  boat. 

On  the  4th  of  October,  Mr.  Sadler,  an  ingenious 
tradefman  at  Oxford,  afeended  at  that  place  with  an 
Inflammable-air  bdio  n of  his  own  conUru6lion  and 
filiing.  And  again  on  the  i:  th  of  the  fame  month  he 
afeended  at  Oxford,  and  floated  to  the  dlllance  of  14 
miles  in  17  minutes,  which  is  at  the  rate  of  near  50 
miles  an  hour. 

The  30th  of  November  this  year  Mr.  Blanchard’s 
fifth  aerial  voyage,  fliil  with  his  old  machine,  was  per- 
formed in  company  with  Dr.  J.  Jeffries,  a native  of 
America.  Their  voyage  was  about  21  miles;  and  it 


does  not  appear  that  the  greateft  aAIon  of  their  oars 
produced  any  eiTedf  in  direbtiug  the  courfe  of  the 


balloon. 

On  the  4th  of  January,  178  c,  a Mr.  Harper  afi:cnded 
at  Birmingham  with  an  in  flammable -air  balloon,  and 
went  to  the  di fiance  of  50  miles  in  an  hour  and  a quar- 
ter, and  fiifiered  no  other  inconvenience  than  a tem- 
porary deafneis,  and  what  might  be  exprcfted  from  the 
changes  of  wet  and  cold.  The  thermometer  defeended 


from  40  to  28  degrees. 

On  the  7tli  of  J anuary,  Mr.  Blanchard,  accompanied 
wn’th  Dr,  Jeffries,  performed  his  fixth  aerial  voyage,  by 
affually  croffing  the  Britifn  channel  from  Dover  to 
Calais,  with  tire  fame  balloon  which  had  five  times  be- 
fore carried  him  luccefsfully  throiigli  the  air.  They 
afeended  with  only  30  pounds  of  fand  baliaft,  befides 
their  provifioiis,  fome  books,  infiruments,  and  other 
neceffaries.  The  machine  parted  with  the  gas  very 
rapidly,  and  their  ballalt  was  foon  all  exhaufled  ; after 
which,  from  time  to  time  they  threw  out  every  thing 
elfe  in  the  boat,  to  prevent  themfeives  from  dropping 
into  the  fea.  In  this  way  they  diipofed  of  all  their 
provifions,  their  books  and  infiruments,  and  finally  the 
moft  part  of  their  very  clothes  themfeives.  7'his  how- 
ever bringing  them  near  the  French  coafi,  they  gradu- 
ally afeended,  cleared  the  cliffs  and  lioufes,  and  landed 
in  the  forell  of  Guiennes.  It  is  remarkable  that  a 
bottle,  being  thrown  out  when  they  W'ere  in  danger  of 
falling  into  the  fea,  ftruck  the  water  wdth  fuch  forccj 
that  they  heard  and  felt  the  fliock  very  fenfibly  on  the 
car  and  balloon,  in  confequence  of  this  voyage  the 
king  of  France  prefented  M.  Blanchard  with  a gift  of 
12000  livres,  and  granted  him  a penlion  of  1200  livres 
a year. 

On  the  19th  of  January,  Mr.  Crofbie  afeended  at 
Dublin  in  Ireland,  with  an  inflammable-air  balloon  to 
a great  height.  He  roie  fo  rapidly  that  he  was  out  of 
fight  in  3 minutes  and  a half.  By  fuddenly  opening 
the  valve  he  defeended  jufi  at  the  edge  of  the  fea,  as 
he  w^as  driving  towards  the  channel,  being  unprovided 
for  properly  paffing  over  to  England. 

On  the  23d  of  March,  Count  Zambeccarl  and  Ad- 
miral Sir  Edward  Vernon  afeended  at  London,  and 
failed  to  Horfham  in  SuiTex,  at  the  difiance  of  35 
miles  in  lefs  than  an  hour.  The  voyage  proved  very 
dangerous,  owing  to  fome  of  the  machinery  about  the 
valve  being  damaged,  which  obliged  them  to  cut  open 
fome  part  of  the  Calloon  when  they  were  about  two 
miles  perpendicular  height  above  the  earth,  the  baro- 
meter having  fallen  horn  30*4  to  20’8  inches.  In 
defeending  they  palled  through  a denie  cloud,  which 
felt  very  cold,  and  covered  them  with  fnow.  The  cb- 
fervations  they  made  were,  that  the  balloon  kept  per- 
petually turning  round  its  veitical  axis,  fometimes  fo 
rapidly  as  to  make  each  revolution  in  4 or  5 fecouds ; 
that  a peculiar  noife,  like  rufiling,  was  heard  among 
the  clouds,  and  that  the  balloon  was  greatly  agitated 
in  the  deicent. 


On  May  the  5th,  Mr.  Sadler,  and  William  Wind- 
ham, tfq  member  of  parliament  for  Norwich,  afeended 
at  MvAilfey-hurfi.  The  machine  took  a fouth-eail 
courfe,  and  the  current  of  air  was  fo  flrong  tiiat  they 
were  in  great  danger  of  being  driven  to  fea.  They 
had  the  good  fortune  htnvever  to  defeend  'near  the  con* 
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fiUX  0?  tlie  Thames  and  Medway,  not  a mile  from  the 
water^s  edge.  By  an  accident  they  lod  their  balloon  : 
for  while  the  aeronauts  were  bufied  in  fecuring  their 
mftriiments,  the  country  people,  whom  they  had  em- 
ployed in  holding  down  the-  machine,  fuddenly  let  go 
the  cords,  when  the  balloon  inllantly  afeended,  and 
was  driven  many  miles  out  to  fea,  wliere  it  fell,  and 
was  taken  up  by  a tradkig  veflTel.  It  was  afterwards 
reftored  again,  and  another  voyage  made  with  it  from 
Manchefter  jto  Pontefradl,  in  which  Mr.  Sadler  was 
ftilT  more  unfortunate  ; for  no  perfon  being  near  when 
it  defeended,  and  not  being  able  to  conhne  iti  by  his 
own  flrengtli,  he  was  dragged  by  it  over  trees  and 
hedges ; and  at  lad  w^as  forced  to  quit  it  at  the  ut- 
moft  peril  of  his  life  ; after  which  it  rofc,  and  was  out 
of  fight  in- a few  minutes.  It  was  afterwards  found 
near  Gainfoorough. 

On  the  1 2th  of  May  Mr.  Crofhie  afeended,  at  Dub- 
liu,  as  high  as  the  tops  of  tlie  hoiifes  ; but  foon  de- 
feended again  with  a velocity  that  alarmed  all  the 
fpetlators  for  his  lalety.  On  his  itepping  out  of  the 
car,  in  an  intlant  Mr.  ]M‘Guire,  a college  youth,  fprung 
into  it,  and  the  balloon  afeended  with  him  to  the  aflo- 
nidiment  of  the  beholders,  and  prefontly  he  was  carried 
wdth  great  velocity  towards  the  channel  in  the  direffion 
of  Holyhead.  This  being  obferved,  a crowd  of  horfe- 
men  purfued  full  fpeed  the  courfe  he  feemed  to  take, 
and  could  plainly  perceive  the  balloon  defeending  into 
the  fea.  Lord  H.  Fitzgerald,  wlio  was  among  tlie 
forcmofl,  inllantly  difpatched  a fwift-failing  veffei 
mounted  with  oars,  and  all  the  boats  that  could  be 
got,  to  the  relief  of  the  gallant  youth  ; whom  they 
found  almoft  fpent  with  fwimming,  jufl  time  enough 
to  fave  his  life. 

The  fate  of  M.  Pilatre  de  Rozier,  the  flrft  aerial 
traveller,  and  his  companion  M.  Romain,  has  been 
much  lamented.  They  afeended  at  Boulogne  the  i^th 
of  June,  with  intent  to  crofs  the  channel  to  England  : 
for  the  firfl  20  minutes  they  feemed  to  take  the  proper 
diredlion  ; when  prefently  the  whole  apparatus  was 
feen  m flames,  and  the  unfortunate  adventurers  fell  to 
the  ground  from  the  height  of  more  than  a thoufand 
yards,  and  were  killed  on  the  fpot,  their  bones  being 
broken,  and  their  bodies  crufhed  in  a fliocking  manner. 
The  machine  In  which  they  afeended,  confifted  of  a 
fpherical  balloon,  37  feet  in  diameter,  filled  with  In- 
flammable air ; and  under  this  balloon  was  fufpended 
a fmall  montgolfier,  or  fire  balloon,  of  10  feet  diameter  ; 
the  gallery  vyhlch  fufpended  the  aeronauts,  was  attached 
to  the  net  of  the  upper  balloon  by  cords,  which  were 
f aliened  to  a hoop  rather  larger  than  the  montgollier, 
and  defeended  perpendicularly  to  the  gallery.  The 
montgolfier  was  intended  to  promote  and  prolong  the 
afeenfion,  by  rarefying  the  atmofpheric  air,  and  by 
that  means  gaining  levity^  It  is  not  certainly  known 
whether  the  balloon  was  adlually  fet  on  fire  by  the 
montgolfier,  or,  being  over-rarefied  by  the  heat  beneath, 

burft,  and  by  that  means  the  inflammable  air  was  fet  in 
a blaze. 

On  the  19th  of  July,  at  20  minutes  pad  2 ofolock, 
Mr.  Crofbie  afeended  at  Dublin,  with  intent  to  crofs 
the  channel  to  Holyhead  in  England,  The  ufual 
form  of  the  boat  had  been  changed,  for  a capacious 
wicker  bafket,  of  a circular  form,  round  the  upper 
VoL,  L 


edges  of  which  were  fallened  a grpat  many  bladders, 
which  were  intended  to  render  liis  gallery  buoyant,  in 
cafe  of  a difatler  at  fea.  About  300  pounds  of  ballaft 
were  put  into  the  bafl^et,  but  the  aeronaut  difeharged 
half  a hundred  on  his  firll  lile.  At  firll  the  current  of 
air  carried  him  due  wed  ; but  it  foon  changed  his 
courfe  to  nearly  north-ead,  pointing  nearly  towards 
Whitehaven.  At  upwards  of  40  miles  from  the  Irlfl'i 
fhore,  lie  found  himfelf  wltlrin  clear  fight  of  both  lands, 
and  he  faid  it  was  impoflible  to  give  any  adequate  idea' 
of  the  unfpeakable  beauties  which  the  feenery  of  the 
fea,  bounded  by  both  lands,  prefented.  He  rofc 
at  one  lime  fo  high,  that  by  the  intenle  cold  Ids  ink 
was  fiozen,  and  the  mercury  funk  quite  into  the  ball 
of  tlie  thermometer.  He  was  firk,  and  felt  a drong 
prepiihion  on  the  tympanum  of  the  ears.  At  his  ut- 
mod  height  he  thought  himfelf  datlonary  ; but  on 
liberating  feme  gas,  he  defeended  to  a current  of  air 
blowing  north,  and  extremely  rough.  Ffe  now  entered 
a thick  cloud,  and  encountered  flrong  blads  of  wind, 
with  thunder  and  lightning,  which  brought  him  ra- 
pidly towards  the  furface  of  the  water.  Here  the 
balloon  made  a circuit,  but  falling  lower,  the  water 
entered  his  car,  and  be  loll  his  notes  of  obfervation. 
All  liis  endeavours  to  throw  out  ballad  were  of  no  avail; 
the-  force  of  the  wind  plunged  him  into  the  ocean  ; and 
with  mncli  difficulty  he  put  on  his  cork  jacket.  The 
propriety  of  his  idea  was  now  very  manifed  in  the  con- 
drudlion  of  his  boat ; as  by  the  admiflion  of  the  water 
into  the  lower  part  of  it,  and  the  fufpenfion  of  his 
bladders,  which  were  arranged  at  the  top,  the  water, 
added  to  his  own  weight,  became  proper  ballad  ; and 
the  balloon  maintaining  its  poife,  it  became  a powerful 
fail,  by  means  of  which,  and  a fnatch  block  to  his  car, 
he  went  before  the  wind  as  regularly  as  a failing 
vedel.  In  this  fituation  he  found  himfelf  inclined  ta 
cat,  and  he  took  a little  fcpivd.  At  the  dIdance  of  a 
league  he  difeovered  fome  vcflels  crowding  after  him  ; 
but  as  his  progrefs  outdripped  all  their  endeavours, 
he  lengthened  the  fpace  of  the  balloon  from  the  car, 
which  gave  a check  to  the  rapidity  of  his  failing,  and 
he  was  at  length  overtaken  and  faved  by  the  Dunleary 
barge,  which  took  him  on  board,  and  deered  to  Dun- 
lear)',  towing  the  balloon  after  them. 

A fimilar  accident  happened  to  Major  Money,  who 
afeended  at  Norwich,  on  the  22d  of  July,  at  20  minutes 
pad  4 In  the  afternoon ; when  meeting  wnth  an  impro])er 
current,  and  not  being  able  to  let  himfelf  down,  on 
account  of  the  Imallncfs  of  the  valve,  he  was  driven  out 
to  fea,  where,  after  blowing  about  for  near  two  hours, 
he  dropped  into  the  water.  Here  the  druggies  were 
adonifliing  which  he  made  to  keep  the  balloon  up, 
which  was  torn,  and  hung  only  like  an  umbrella  over 
Ids  head.  A diip  was  once  within  a mile,  but,  he  adds, 
whether  from  want  of  humanity,  or  by  midakiiig  the 
balloon  for  a fea  mondcr,  they  dieered  off,  and  left 
him  to  his  fate  : but  a boat  chafed  him  for  two  hours, 
till  jud  dark,  and  then  bore  away.  He  now  gave  up 
all  hopes,  and  began  to  wifli  that  providence  had  given 
him  the  fate  of  Pilatre  de  Rozier,  rather  than  ftich 
a lingering  death.  Exerting  himfelf  however  to  pre- 
forve  life  as  long  as  polfible, 'by  keeping  the  balloon 
floating  over  his  head,  to  keep  himfolf  out  of  tlic 
water,  into  which  neverthelefs  he  funk  gradually  inch 
G by 
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by  inch,  as  it  loft  Its  power,  till  he  was  at  length  bread 
deep  in  water,  when  he  was  providentially  taken  up  by 
a reVenne  cuiter,  at  half  pad  eleven  at  night,  but  fo 
weak  that  he  was  obliged  to  be  lifted  out  of  the  car 
into  the  ihip. 

About  the  latter  end  of  Auguft,  the  longefl;  aerial 
voyage  hitherto  made,  was  performed  by  Mr.  Blanchard, 
who  aicended  at  Ldile,  accompanied  by  the  Chevalier 
de  L’Jhpinard,  and  travelled  300  miles  in  their  balloon 
before  it  defeended.  On  this  occafion,  as  on  feme 
former  ones,  Mr.  Blanchard  made  trial  ol'  pvaraclmte, 
like  a large  umbrella,  invented  to  break  the  fall  in  cafe 
of  an  accident  happening  the  balloon  : with  this  ma- 
chine he  dropped  a dog  from  the  car  fomi  after  his  af- 
cenfion,  whicii  defeended  gently  and  unhurt. 

On  September  the  Bth,  Thomas  Baldwin,  Efq. 
afeended  from  the  city  of-Chefler,  at  40  minutes  palt 
one  o’clock,  and  defeended  at  Rixton-Mofs,  at  25 
miles  diflance,  after  a voyage  of  2 hours  and  a quarter. 
The  greateft  perpendicular  akitude  afeended  was  about 
a mile  and  a half,  and  ihe  aeronaut  computed  that  in 
iome  parts  of  the  voyage  he  moved  at  the  rate  of  30 
miles  an  hour.  Mr.  Baldwin  publiflied  a very  cir- 
cumhantial  account  of  his  voyage,  with  many  ingenious 
philofophical  remarks  relating  to  aeroftation,  of  which 
fubjefl  his  book  may  be  conlidered  as  one  of  the  bed 
treatifes  yet  given  td  the  public. 

October  the  5th,  Mr.  Limardi  made  the  fird  aerial 
voyage  in  Scotland.  Tie  afeended  at  Edinburgh,  and 
after  various  turnings,  landed  near  Cupar  in  Fife,  having 
deferibed  a track  of  40  miles  over  the  fea,  and  10  over 
the  land,  in  an  hour  and  a half.  He  faid  the  mercury 
in  the  barometer  funk  as  low  as  18*3  inches  at  his 
greeted  elevation.  i 

November  the  19th  the  celebrated  Blanchard  af- 
eended at  Ghent  to  a great  height,  and  after  many 
dangers  defeended  at  Delft  without  his  car,  which  he 
cut  away  to  lighten  the  machine  when  he  was  de- 
fcendlng  too  rapidly,  and  flung  himfelf  by  the  cords 
to  the  balloon,  which  ferved  him  then  in  the  nature 
of  a parachute.  On  his  fird  afeent,  when  he  was  al- 
moft  out  of  fight,  he  let  down  a dog,  by  means  of  a 
parachute,  which  came  eafily  to  the  ground. 

November  the  25th  Mr.  Lunardi  afeended  at  Glaf- 
gow,  and  in  two  bouts  It  is  faid  he  deferibed  a track 
of  i2y  miles.  It  Is  further  remarkable  that,  being 
overcome  with  drowfinefs,  he  fays  he  flept  for  about 
20  minutes  in  the  bottom  of  the  car,  during  this  voyage. 

Many  other  voyages  were  made  in  different  countries, 
and  with  various  fuccefs.  But  fmee  the  year  1785, 
the  rage  for  balloons  has  confiderably  abated,  and  we 
have  gradually  had  lefs  and  lefs  of  thefe  aerial  ex- 
curfions,  fo  that  it  is  now  become  rather  an  uncommon 
thing  to  hear  of  one  of  them  performed  in  any  country 
whatever : which  fpeedy  decline  in  this  new  art  is 
perhaps  to  be  afcribed  chiefly  to  the  following  caufes  ; 
namely,  a lefs  degree  of  eagernefs  in  people  to  purfue 
fuch  experiments,  from  their  curiofity  having  been 
fatisfied ; fecondly,  the  trouble,  danger,  and  great  ex- 
pence, attending  them  ; and  laid ly,  the  want  of  the 
means  of  condudling  them,  and  the  fmall  degree  of 
utility  to  which  they  have  hitherto  been  applied.  The 
failure  in  the  many  attempts  that  have  been  made  to 
diredt  balloonfe  at  pleafure  through  the  air,  cannot  but 


be  felt  as  a very  difcouraging  circumflance : and  it  ie 
to  be  feared  that  it  will  ever  be  felt  as  fuch,  notwith- 
Handing  the  pretenlions  of  fome  perfons  on  this  Head  i 
for  they  never  have  caiifed,  nor  is  it  to  be  expedled  they 
ever  can  caufe  the  machine  to  deviate  fenfibly  from  the 
courfe  of  the  wind,  except  only  in  the  cafe  when 
this  moves  with  a very  fmall  celerity.  For  when  the 
current  blows  only  at  the  rate  of  10  miles  an  horn*, 
which  is  but  a very  gentle  wind,  it  may  be  fhewn 
that  a balloon  of  50  feet  in  diameter  will  require  ^a- 
force  equal  to  the  preffure  of  72  pounds  weight,  to 
caufe  it  to  deviate  30  degrees  from  the  courfe  of  the 
wind  ; and  a force  equal  to  double  or  triple  that 
weight,  when  the  wind  blows  with  a double  or 
triple  velocity,  that  is,  at  the  rate  of  20  or  30  miles 
an  hour  ; and  fo  in  proportion.  To  obviate  the  dan- 
ger of  a fall,  arifing  from  any  accident  happening  to 
the  balloon,  fome  experiments  have  been  made  with  a 
parachute,  chiefly  by  Mr.  Blanchard,  vvhofe  endeavours 
and  perfeverance  it  feems  have  continued  longer  than 
in  any  other  perfon  : we  Hill  hear  of  his  excurlions  in 
different  parts  of  Europe,  and  Improvements  of  the 
parachute,  wings,  5cc  ; and  have  juft  read  accounts  of 
two  voyages  lately  performed  by  him  ; with  which, 
being  very  ciiinous,  we  flrall  conclude  our  naiTation  of 
thefe  aerial  excurfions.  They  will  be  beft  related  in 
Mr.  Blanchard’s  own  words,  taken  from  his  letter, 
dated  Lelpflek,  October  the  9th,  1787,  to  the  editors 
of  the  Paris  Journal.  I did  not  mention,”  fays  he, 
“ in  your  interefting  paper,  my  afeenflon  at  Strafburg 
on  the  26th  of  laft  Auguft  : the  weather  was  fo  hor- 
rible that  I mounted  only  for  the  fake  of  contenting 
the  aftonifhing  crowd  of  ftrangers  affembled  thei*e  from 
all  parts  of  the  country.  Every  body  feemed  fatisfied 
at  the  attempt,  but  I affure  you,  gentlemen,  that  I 
was  far  from  being  pleafed  with  fo  common  an  expe- 
riment. The  only  remarkable  thing  that  occurred  at 
that  time,  was  the  following  circumftance  ; At  the 
height  of  about  2000  yards,  or  a mile  and  half  a' 
quarter,  1 let  down  a dog  tied  to  the  parachute,  who, 
inftead  of  defeending  gently,  was  forcibly  carried,  by  a 
whirlwind,  above  the  clouds.  I met  him  foon  after, 
bending  his  courfe  diredlly  downwards,  and,  as  on  re- 
collecting his  mafter,  he  began  to  bark  a little,  I was 
going  to  take  hold  of  the  parachute,  when  another 
whirlwind  lifted  him  again  to  a great  height.  I loft 
him  foi*  the  fpace  of  fix  minutes,  and  perceived  him 
afterwards,  with  my  telefcope,  as  if  fleeping  in  the 
cradle  or  balket  belonging  to  the  machine.  Continually 
agitated,  and  impetuoufly  toffed  through  every  point  of 
the  compafs,  by  the  violence  of  the  different  currents  of 
air,  I determined  to  end  my  voyage  on  the  other  fide 
of  the  Rhine,  after  having  paffed  vertically  over  Zell, 
I defeended  at  a fmall  village,  with  an  intention  to  be 
afliftcd  a little,  and  about  thirty  men  foon  came  within 
reach  of  the  balloon  very  a-propos,  and  fixed  me  to  the 
ground.  The  wind  was  fo  violent  that  anchors  or 
ropes  would  have  been  of  no  fervice.  I had  however 
added  to  the  large  aeroftatic  globe  a fmaller  one,  of 
60  pounds  afcenfional  force,  which  would  have  contri- 
buted to  fix  me,  when  once  I let  it  loofe  j but  notwith- 
ftandlng  this  precaution,  the  men’s  afliftance  was  very 
neceffary  to  me.  The  parachute  was  ftill  wavering  in 
the  air,  and  did  not  come  down  till  12  mlniites  after.” 

**  I per- 
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I performed  my  aytli  afcenfion  at  Lelpdck  the 
29th  of  September,  in  the  mldH:  of  an  incredible  num- 
ber of  fpeclators,  forming  one  of  the  mod  brilliant  af- 
femblies  I ever  beheld.  The  fley  was  as  clear  and  le- 
rene  as  poflible,  and  the  air  fo  calm  that  many  of 
my  friends,  and  multitudes  of  others,  could  follow  me 
on  horieback,  and  even  on  foot.  I was  fometimes  lo 
near  them  that  they  thought  they  could  reach  me,  but  I 
could  foon  find  the  means  of  riling  ; and  once,  when 
they  had  aftually  taken  hold  of  the  cords,  to  fee  me 
boat  with  the  ilrings  in  their  hands,  I fuddenly  cut 
them,  and  mounted  again  in  the  air.  All  thefc  amuf- 
ing  evolutions  were  in  fight  of  the  town  and  its  en- 
virons. At  length  1 yielded  to  the  earned  folicitations 
of  the  company,  and  entered  the  town  triumphantly  in 
m.y  car,  followed  by  a concourfe  of  people  tranfported 
with  joy,  and  amidd  the  acclamations  of  choufands. 
The  next  day  I emptied  the  inflammable  air  into  another 
globe,  with  which  I intended  to  tiy  fome  experiments  ; 
and  I let  it  off  with  a cradle,  in  which  a dog  was 
fixed.  The  balloon,  liaving  reached  a confideralile 
height,  made  an  explofion  in  its  under  part,  as  I had 
imagined  it  would,  having  previoufly  difpofed  it  in  a 
proper  manner  for  that  purpofe  ; by  which  means  the 
little  animal  fell  gently  to  the  ground.” 

“ The  day  before  yederday  having  repeated  this 
experiment,  at  the  town’s  requed,  I prepared  tlie  globe 
in  fuch  a manner  as  to  caufe  an  explofion  in  its  upper 
part,  and  added  a parachute  with  two  fmall  dogs  fixed 
to  it.  They  went  fo  high  that,  notwithdandiiig  ihe 
ferenity  of  the  fley,  the  balloon  was  lod  in  its  immenfe 
expanfe.  Telefcopes  of  the  bed  fort  became  ufekfs, 
and  I began  to  be  apprehenfive  for  the  death  of  the 
little  animals,  on  account  of  the  feverity  of  the  cold. 
They  defeended  however  about  two  hours  after,  quite 
fafe  and  well,  in  the  town  of  Delitzfch,  three  miles 
from  Leipfick.  I went  yederday  to  claim  them,  aud 
found  them  again  over  the  town  in  the  air  with  the 
parachute.  Such  experiments  had  been  already  tried 
many  times  in  the  couife  of  the  day,  and  fome  offijeers 
had  thrown  them  from  the  top  of  a deeple,  in  the  fight 
of  all  the  inhabitants  of  Dclitzfeh,  from  whence  tliey 
defeended  fafe.” 

We  have  lately  heard  of  Mr.  Blanchard’s  3 2d  af- 
cenfion at  Brunfwick  ia  the  month  of  Augud  1788, 
in  which  he  much  afiided  his  afcenl  by  means  of  his 
wings. 

For  fereral  figures  of  balloons,  fee  plate  i. 

ProHice  of  Aerostation.  Tlic  fird  confideratloii 
in  the  pradlice  of  aerodatlon,  Is  the  form  and  the  fize  of 
the  machine.  Various  fhapes  have  been  tried  and  pro- 
pofed,  but  the  globular,  or  the  egg-like  figure,  Is  the 
mod  proper  and  convenient,  for  all  purpofes  ; and  this 
form  alfo  will  require  lefs  cloth  or  lilk  than  any  other 
fhape  of  the  fame  capacity;  fo  that  it  will  both  come 
cheaper,  and  have  a greater  power  of  afcenfion.  The 
bag  or  cover  of  an  Inflammable-air  balloon,  Is  bed  made 
of  the  filk  duff  called  ludrlng,  varnlflied  over.  But 
for  a montgolfier,  or  heated-air  balloon,  on  account 
of  its  great  fize,  linen  cloth  has  been  ufed,  lined  within 
or  without  with  paper,  and  varnldied.  Small  balloons 
ar^made  either  of  varnifhed  paper,  or  fimply  of  paper 
iinvarnldied,  or  of  gold  beater’s  flvin,  or  fuch-llke 
light  fubftances. 


With  refoeff  to  the  form  of  a balloon,  it  will  be  nc- 
cedary  that  the  operator  i-emember  the  common  pro- 
portions between  the  diameters,  circumferences,  lur- 
faces,  and  folidities  of  Ipheres  ; for  indance,  that  of 
different  fphcrcs,  the  circumferences  are  as  the  diame- 
ters ; that  the  furfaces  arC  as  the  fquares  of  the  dia- 
meters ; and  the  folidities  as  tlie  cubes  of  the  fame 
diameter  s ; that  any  diameter  is  to  its  circumference  as 
7 to  22,  or  as  1 to  ; and  therefore  5 times  and  ^ 
of  any  diameter  will  be  its  circumference  ; fo  that  if 
the  diameter  of  a balloon  be  3^  feet,  its  circumference 
will  be  iio  fe;.t.  And'if  the  diameter  be  multiplied 
by  the  circumference,  the  produdt  will  be  the  furfacc 
of  the  fpherc  ; thus  37  nmitiplied  by  no  gives  3850, 
which  is  the  furfacc  of  the  fame  fpherc  in  fqiiare  feet: 
and  if  this  furfacc  be  divided  by  the  breadth  of  the 
duff,  in  feet,  which  the  balloon  is  to  be  made  of,'  the 
quotient  will  be  the  number  of  feet  in  length  neceffary 
to  condrudl  the  balloon  ; lb  if  tlve  ftuff  be  3 feet  wide, 
then  3850  divided  by  3,  gives  1283!  feet,  or  428 
yards  nearly,  the  requifite  quantity  of  ftuff  of  3 feet 
or  one  yard  wide,  to  form  the  balloon  of  35  feet  dia- 
meter. Flence  alfo,  by  knowing  the  weight  of  a given 
piece  of  tire  duff,  as  of 'a  djuare  foot,  or  fquare  yard, 
it  Is  ealy  to  find  the  weight  of  the  whole  bag,  namely 
by  multiplying  the  lurface,  in  fquare  feet  or  yards,  by 
the  weight  of  a fquare  foot  or  yard  : fo  if  each  fquare 
yard  weigh  16  ounces  or  i pound,  then  the  whole  bag 
will  weigh  428  pounds.  Again,  the  capacity,  or  folid 
contents,  of  the  fphere,  will  be- found  by  multiplying  |- 
of  the  furface  b}'  the  diameter,  or  by  taking  of 
the  cube  of  the  diameter  ; which  gives  22458  cubic 
feet  for  the  capacity  of  the  diid  balloon,  that  Is,  it 
will  contain,  or  difpUice,  22478  cubic  feet  of  air.  From 
tlie  content  and  furfacc  of  the  balloon,  fo  found,  is  to 
be  derived  its  power  or  levity,  thus  : on  an  average, 
a cubic  foot  of  common  air  weighs  i f-  ounce,  and  there- 
fore to  the  number  22458,  which  Is  the  content  of  our 
balloon,  adding  its  -l-th  part,  we  have  26950  ounces, 
or  1684  pounds,  for  the  weight  of  the  common  air  dif- 
placed  or  occupied  by  the  balloon.  From  this  weight 
mud  be  dedudted  the  weight  of  the  bag,  namely  428 
pounds,  and  then  there  remains  1256  pounds  levity  of 
the  balloon,  without  however  confidering  the  contained 
air,  whether  It  be  heated  air,  or  of  the  Inflammable 
kind.  If  inflammable  air  be  ufed,  as  It  is  of  different 
weights,  from  -4  to  or  the  weight  of  commo* 
air,  according  to  the  modes  of  preparing  it,  let  ua 
fuppofe  for  indance  that  it  is  ^ of  the  weight  of  com- 
mon air;  then  ^ of  1684  is  261  pounds,  which  is  the 
weight  of  the  bag  full  of  that  air;  which  being  taken 
from  1256,  leaves  995  pounds  for  the  levity  of  the 
balloon  when  fo  fil'ed  with  that  Inflammable  air,  or  the 
weight  which  it  will  carry  up,  confiding  of  the  car, 
the  ropes,  the  paffengci?,  the  neceffarles,  and  hallaii. 
But  if  heated  air  be  ufed  ; then  as  It  is  known  from 
experiment  that,  by  heating,  the  contained  air  is  di- 
mlnidied  in  denfity  about  one-third  only,  therefore 
from  1684,  take  ] of  itfelf,  and  there  remains  1123 
for  the  weight  of  the  contained  warm  air  ; and  this 
being  fubtradted  from  1256,  leaves  only  133  pounds 
for  the  levity  of  the  balloon  in  this  cafe  ; which  being 
too  fmail  to  carry  up  the  car,  paffengrrs,  ^cc,  it  fhewt 
that  for  thofe  purpofes  a larger  balloon  is  neceffary,  oa 
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Montgolfier’s  principles.  But  if  now,  from  the  pre- 
ceding computation,  it  be  required  to  find  how  much 
tiihe  fize  of  the  balloon  rauft  be  increafed,  that  its  levity, 
or  power  of  afcenfion,  may  be  equal  to  any  given  weight, 
as  fuppofe  looo  pounds  ; then  becaufe  the  levities  are 
nsarly  as  the  cubes  of  the  diameters,  therefore  the  dia- 
meters will  be  nearly  as  the  cube  roots  of  the  levities  ; 
but  the  levities  133  and  1000  are  nearly  as  i to  8,  the 
cube  roots  of  which  are  as  i to  2,  and  confequently 
I : 2 35  : 70  feet,  the  diameter  of  a montgoHier, 

made  of  the  fame  thicknefs  of  fluff  as  the  former, 
capable  of  lifting  loco  pounds. 

On  the  fame  principles  we  can  eafily  find  the  fize  of 
a balloon  that  fliall  jiift  float  in  air  when  made  of  fluff 
of  a given  thicknefs  or  weight,  and  filled  with  air  of  a 
given  denfity  5 the  rule  for  which  is  this  : from  the 
weight  of  a cubic  foot  of  common  air,  fubtradl  that 
of  a cubic  foot  of  the  lighter  or  contained  air ; then 
divide  6 times  the  weight  of  a fquare  foot  of  the  fluff, 
by  the  remainder  ; and  the  quotient  will  be  the  diameter, 
in  feet,  of  the  balloon  that  will  jufl  flqat  at  the  furface 
of-the  earth.  Siippofe,  for  inflancc,  that  the  materials 
are  as  before,  namely,  the  fluff'  i pound  to  the  fquare 
yard,  oi*  ounces  to  the  fquare  foot,  which  taken 
6 times  is  ; then  the  cubic  foot  of  common  air 
weighing  l|-  ounce,  and  of  heated  air  f of  the  fame, 
whofe  difference  is  | ; therefore  divided  by  f,  gives 
26|  feet,  which  is  the  diameter  of  a montgolfier  that 
will  jufl  float  : but  if  Inflammable  air  be  ufed  of  the 
weight  of  common  air,  the  difference  between  li  and  ^ 
of  it,  is  I ; by  which  dividing  -j  or  io|,  the  quotient 
is  the  fame  io|  feet,  which  therefore  is  the  diameter  of 
an  inflammable-air  balloon  that  will  jufl;  float.  And 
if  the  diameter  be  more  than  thefe  dimenfions,  the 
balloons  will  rife  up  into  the  atmofphere. 

The  height  nearly  to  which  a given  balloon  will  rife 
in  the  atmofphere,  may  be  thus  found,  having  given 
only  the  diameter  of  the  balloon,  and  the  weight  which 
jufl  balances  it,  or  that  is  juft  neceffary  to  keep  It  from 
fifing  : compute  the  capacity  or  content  of  the  globe 
in  cubic  feet,  and  divide  its  reftraining  weight  in 
ounces  by  that  content,  and  the 
quotient  will  be  the  difference  be- 
tween the  denfity  or  fpeclflc  gravity 
of  the  atmofphere  at  the  earth’s  fur- 
face  and  that  at  the  height  to  which 
the  balloon  will  rife  ; therefore  fub- 
trafl  that  difference  or  quotient  from 
i j or  1*2,  the  denfity  at  the  earth, 

■and  the  remainder  will  be  the  denfity 
at  that  height : then  the  height  an- 
fwerlng  to  that  denfity  will  be  found 
fufficiently  near  in  the  annexed  table. 

Thus,  in  the  foregoing  examples,  in 
which  the  diameter  of  the  balloon  is 
. 35'  feet,  its  capacity  22458,  and  the 
levity  of  the  firfl  one  995  pounds,  or 
15920  ounces,  the  quotient  of  the 
latter  number  divided  by  the  former,  is  '709,  which  is 
the  denfity  at  the  utmofl  height,  and  to  which  in  the 
tableanfw'ers  alittlemore  thanzf  miles, or2|  miles  nearly, 
■which  therefore  is  the  height  to  which  the  balloon  will  af- 
cend.  And  when  the  fame  balloon  was  filled  with  heated 
air,  .its  levity  was  found  equal  to  only  133  pounds, or  2128 


' Height 

Denfity. 

in  miles. 

0 

1 'ZOO 

t 

4" 

1*141 

1 

I 085 

3 

1*031 

I 

o*q8o 

o'932 

0*886 

C'842 

2 

o'Boc 

2? 

0*761 

0*723 

2|- 

0*687 

3 

0*653 

ounces,  then  dividing  this  by  22458  the  capacity,  the 
quotient  *095  taken  from  1*200,  leaves  1*105 
denfity  ; to  which  in  the  table  correfponds  almofl  half 
a mile,  or  nearer  of  a mile.  And  fo  high  nearly 
would  thefe  balloons  afeend,  if  they  keep  the  fame 
figure,  and  lofe  none  of  the  contained  air  : or  rather, 
thofe  are  the  heights  they  would  fettle  at ; for  their 
acquired  velocity  would  firfl  carry  them  above  that 
height,  fo  far  as  till  all  their  motion  fhould  be  deftroyed  ; 
then  they  w'ould  defeend  and  pafs  below  that  height, 
but  not  fo  much  as  they  had  gone  above  ; after  which 
they  would  re-afeend,  and  pafs  that  height  again,  bt\t 
not  fo  far  as  they  had  gone  below  it  ; and  fo  on  for 
many  times,  vibrating  alternately  above  and  below 
that  point,  but  alw^ays  lefs  and  lefs  every  time.  The 
foregoing  rule,  for  finding  the  height  to  which  the 
balloon  will  afeend,  is  independent  of  the  different 
flates  of  the  thermometer  at  that  liighefl:  point,  and  at 
the  furface  of  the  earth  ; but  for  greater  accuracy,  in- 
cluding the  allow^ances  depending  on  the  different  flates 
of  the  thermometer,  fee  under  the  word  Atmosphere, 
where  the  more  accurate  rules  are  given  at  large. 

The  bell  way  to  make  up  the  ■v\'hole  coating  of  the 
balloon,  is  by  different  pieces  or  flips  joined  lengthways 
from  end  to  end,  like  the  pieces  compofing  the  furface 
of  a geographical  globe,  and  contained  between  one 
meridian  and  another,  or  like  the  flices  into  which  a 
melon  is  ufually  cut,  and  fuppofed  to  be  fpread  flat 
out.  Now  the  edges  of  fucb  pieces  cannot  be  exadlly 
deferibed  by  a pair  of  compafl'es,  not  being  circular, 
but  flatter  or  lefs  round  than  circular  arches  ; but  if 
the  flips  are  fufficiently  narrow,  or  numerous,  they  will 
differ  the  lefs  from  circles,  and  may  be  deferibed  as 
fuch.  But  more  accurately,  the  breadths  of  the  flip,  at 
the  feveral  diftances  from  the 
point  to  the  middle,  wfliere  it  is 
broadeft,  are  diredlly  as  the  fines 
of  thofe  diftances,  radius  being 
the  fine  of  the  half  length  of  the 
flip,  or  of  the  diflance  of  eitlier 
point  from  the  middle  of  the 
flip  : that  is,  If  ACBD  be  one 
of  the  flips,  AB  being  half  the 
circumference,  or  AE  a qua- 
drant conceived  to  be  equal  to 
AC  or  AD  ; then  will  CD 
be  to  a h,  as  radius  or  the  fine 
of  AC,  to  the  fine  of  Aa,  So 
that  If  the  quadrant  AE  or  AC 
be  divided  into  any  number  of 
equal  parts,  as  here  fuppofe  9, 
then  divide  the  quadrant  or  90 
degrees  by  the  number  of  parts 
9,  and  the  quotient  10  is  the 
number  of  degrees  in  each  part  ; 

and  hence  the  arcs  AC,  Aa,  Ac,  &c,  wdll  be  re- 
fpeaively  90°,  80°  70°,  j and  CD  being  radius, 
the  feveral  breadths  ab,  cd,  ef,  &c,  will  be  refpec- 
tively  the  fines  of  80°,  70°,  6o<^,  &c,  wfliich  are  here 
placed  oppofite  them,  the  radius  being  1.  Therefore 
when  it  is  propofed  to  cut  out  flips  for  a globe  of 
a given  diameter;  compute  the  circumference,  and 
make  AE  or  AC  a quarter  of  that  circumference,  and 
CD  of  any  breadth,  as  3 feet,  or  2 feet,  or  any  other 
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Guantity  j tKen  multiply  each  of  the  decimal  numbers, 
let  oppofite  tbe  figure,  by  tliat  quantity,  or  breadth  ot 
CD,,  fo  fiiall  the  products  be  the  feveral  brcadthtj  ah^ 
ef,  &c. 

Various  fehemes  have  been  devifed  for  eondudling  bal- 
loons in  any  dlre^ion,  whether  vertical  or  fideways.  As 
to  th-e  vertical  diredlions,  namely  upwards  or  downwards, 
the  means  are  obvious,  viz.  in  oider  to  afcend,  the 
aeronaut  throws  out  fonie  ballail ; and  that  he  may 
defcend,  he  opens’  a valve  in  the  top  of  his  machine 
by  means  of  a ftring,  to  let  foine  of  the  gas  efcape  ; 
or  if  it  be  .a  rnontgolfier,  he  inci'cafes  or  diminiihes  the 
fire,  as  he  would  afcend  or  dcfcend.  But  to  dircd’t  the 
machine  in  a fide  or  horizontal  courle,  is  a very  diffi- 
cult operation,  and  what  has  hitherto  not  been  accom- 
plifiied,  except  rn  a fraall  degree,  and  when  the  current 
of  air  is  very  gentle  indeed.  The  difficulty  of  moving 
the  balloon  fidevvavs,  arifcs  from  the  want  of  wind 
blowing  upon  it  ; for  as  it  floats  along  with  the  current 
of  air,  it  is  relatively  in  a calm,  and  tlie  aeronaut  feels 
-no  more  wind  than  if  the  machine  were  at  refl  in  a 
perfecl  calm.  For  this  rcalon,  any  thing  in  the  na- 
ture of  fails  can  be  of  no  ufe  ; and  all  that  can  be 
hoped  for,  is  to  be  ^attempted  bv  means  of  oars  ; and 
kow  fmaJl  the  effect  of  ihefe  muff  be,  may  eafily 
be  conceived  from  the  larity  of  the  medium  againfl 
which  they  mull  act,  and  the  great  magnitude  of  the 
machine  to  be  forced  tb.rough  it.  We  can  eafily 
affigft  what  force  is  ncccffary  to  move  a given  ma- 
chine in  the  air  with  any  propofed  velocity.  From 
very  accurate  experiments  I have  determined,  that  a 
gl^e  of  6 1 inches  in  diameter,  and  moving  with  a 
velocity  of  20  feet  per  fecond  of  time,  fuffers  a rc- 
fiftance  from  the  air  which  is  juff  equal  to  the  \veight 
or  preffiire  of  one  ounce  Averdupois ; and  farther 
that  with  different  furfaces,  and  the  fame  velocity, 
the.  refiftances  are  diredtly  proportional  to  the  furface 
nearly,,  a double  furface  having  a double  rcfiliance, 
a triple  furface  a triple  refiftance,  and  fo  on  ; and  alio 
that  with  different  velocities,  the  refiffances  are  pro- 
portional to  the  fquares  of  the  velocities  nearly,  fo  tiiat 
a double  velocity  produced  a quadruple  rcfiliance,  and 
three  times  the  velocity  nine  times  the  refill ance,  and 
fo  on.  And  hence  wc  can  affign  the  rcfiliance  to  move 
a ^ven  ballooH,  with  any  velocity.  Thus,  take  the 
balloon  as  before  of  35  feet  diameter  ; then  by  compari- 
son as  above  it  is  found  that  this  globe,  if  moved  with 
the  velocity  of  20  feet  per  fccond,  or  almoll  14  millcs  })er 
bcur,  will  fuffer  a refiflance  equal  U)  271  pounds;  to 
move  it  at  the  rate  of  7 miles  an  hour,  the  rcfiliance 
will  be  68  pounds  ; and  to  move  it  34  miles  an  hour, 
the  refinance  will  be  1 7 pounds  ; and  fo  on  : and  with 
fuch  force  mull  the  aeronauts  adf  on  the  air  in  a con- 
trary diredf  Ion,  to  communicate  fuch  a motion  to  the 
machine.  And  if  the  balloon  move  through  a rarer 
pait  of  the  atmofphere,  than  that  at  the  furface  of  the 
earth,  as  y,  or  J,  &c,  rarer,  and  confequently  therefift- 
amre  be  lels  in  the  fame  proportion  ; yet  the  force  of 
the  oars  will  be  diminifhed  as  much  ; and  therefore  the 
fame  difficulty  flill  remains.  In  general,  the  aeronaut 
muff  flrike  the  air,  by  means  of  his  oars,  with  a force 
jult  equal  to  the  rcfiliance  of  the  air  on  the  balloon, 
and  therefore  be  muff  ftrike  that  air  with  a velocity 
ivliich  muff  be  greater  as  the  furface  of  the  oar  is  lefs 
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than  the  refilled  furface  of  the  globe,  but  not  m the 
fame  proportion,  becaufe  the  force  is  as  the  fquare  of  the 
velocity. 

Now  fiippol^f  the  aeronaut  a£l  with  an  oar  equal  to 
100  fquare  feet  of  furface,  to  move  the  balloon  above 
mentioned  at  the  rate  of  20  feet  per  fecond,  or  14  miles 
an  hour;  then  muff  he  move  this  oar  with  the  great 
velocity  of  62  feet  per  fecond,  or  near  43  miffs  per 
hour  : and  fo  in  proportion  lor  other  velocities  of  the 
balloon.  From  whence  it  is  highly  probable,  that  it 
will  never  be  In  the  power  ol  man  to  guide  inch  ma- 
chine witli  any  tolerable  degree  of  fnccefs,  efpecially 
when  any  conliderable  wand  blows,  which  is  almoff  al- 
ways the  cafe.  * 

As  feme  aeronauts  have  thought  of  ufing  parachutes, 
made  fometliing  like  umbrellas,  to  break  their  fall,  in 
cafe  of  anv'  accident  happening  to  the  balloon,  we  fhall 
here  confider  the  principles  and  power  of  fuch  a ma- 
chine. Net  us  luppofc  a perfon  wants  to  know  what 
the  fize  of  a parachute  muff  be,  that  he  may  d'efeend 
with  it  at  tbe  uniform  rate  of  10  feet  In  a fecond,  which 

nearly  equal  to  the  velociiy  he  acquires  by  falling  or 
leaping  from  the  height  only  of  17  inches,  and  which 
it  is  prefumed  he  may  do  with  faffty.  Now  in  order 
to  defeend  with  any  uniform  velocity,  the  refiffance  of 
the  air  muff  be  equal  to  the  whole  weight  thatdefeends : 
then  fuppofe  the  weigfit  of  the  aeronaut  to  be  1 50- 
pounds,  and  that  the  parachute  is  flat,  and  circular, 
and  made  of  fuch  materials  as  that  every  fquare  foot  of 
its  furface  weighs  2 ounces,  and  farther  that  the  weighr 
increafes  in  the  fame  proportion  as  the  furface ; then 
the  diameter  of  the  parachute  necclfary  to  delcend  with 
the  moderate  velocity  of  10  feet  per  fecond,  mull  be 
upwards  of  78  feet  in  diameter:  but  if  the  parachute 
be  not  a flat  furface,  but  concave  on  the  lower  fide,  Its 
power  will  be  rather  the  greater,  and  the  diameter  may 
be  fornewhat  lefs.  If  it  be  requir'^d  to  know  the  power 
of  a fiat  circular  parachute,  or  what  refiflance  it  meets 
with  from  air  of  a mean  deiifity,  when  defeending  with 
a given  velocltv  ;.  fay  as  the  number  800  is  to  the  fquare 
of  the  velocity  In'  feet,  io  is  the  fquare  of  the  diameter 
i.n  feet,  to  a fourth  number,  which  will  be  the  tefifl- 
ance  In  pounds.  And  hence,  if  It  be  required  to  know 
with  what  velocity  a parachute  will  dcfcend  with  a 
given  weight  ; (ay  as  ll\c  given  diatueter  is  to  the  fquare 
root  of  tlie  weight,  io  Is  the  number  28}  to  a fourth 
term,  which  will  be  the  velocity  when  the  defeent  is  in 
air  of  a mean  denfitv.  So  if  the  diameter  of  a balloon 
be  50,  anel  Its  weight  together  v.n'th  that  of  a man  be 
530  pounds,  the  fepiare  root  of  which  is  23  very  nearly  ; 
then  as  50  : 23  ; : 28.^  : 13,  fo  that  the  man  and  para- 
chute will  dcfcend  with  the  velocity  of  1 3 feet  per  fecond  ; 
which  it  is  prefumed  he  may  fafely  do,  as  he  would 
meet  witli  a fliock  only  equal  to  that  of  leaping  freely 
from  a height  only  of  2 feet  2 inches-. 

The  methods  of  extradling  inflammable  air  from 
various  fubilances,  for  filling  balloons,  and  for  other 
purpofes,  may  be  feen  under  the  words  Air  and  Gas* 
And  as  to  tlie  methods  of  filling  and  conftrudling 
balloons,  being  matters  merely  mechanical,  they  are 
omitted  in  this  place. 

Ample  information  however  on  thefe,  and  many 
other  particulars,  may  be  met  wnth  in  feveral  books 
cxprefsly  written  on  the  fubjedt;  as  in  Cavallo’s  Hiftory 
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and  Pra<^Ice  of  Aero  Ration,  8vo,  1785  ;'iit  Baldwin’s 
Airopaidia,  8vo,  1786;  &c. 

It  has  often  been  dircidfed,  fays  the  former  of  thefe 
gentlemen,  whether  the  preference  fhould  be  given  to 
Tnachines  railed  by  inflammable  air,  or  to  thofe  railed 
by  heated  air.  Each  of  them  has  its  peculiar  advan- 
tages and  difadvantages  ; a jufl;  confideration  of  which 
feems  to  decide  in  favour  of  thofe  made  with  inflam- 
mable air.  The  principal  com.parative  advantages  of 
the  other  fort  cire,  that  they  do  not  require  to  be  made 
of  fo  expen  five  materials ; that  they  are  filled  with 
little  or  no  expence  ; and  that  the  combuflibles  necef- 
fary  to  hil  them  arc  found  almofl  every  where  ; fo  that 
•when  the  flock  of  fuel  is  exhaufled,  the  aeronaut  may 
defeend  and  recruit  It  ag'ain,  in  order  to  proceed  on  his 
voyage.  But  then  this  fort  of  machines  muft  be  made 
larger  than  the  other,  to  take  up  the  fame  weight  ; 
and  the  prefence  of  a fire  is  a continual  trouble,  and  a 
continual  danger : in  fadi,  among  the  many  aerial 
voyages  that  have  been  made  and  attempted  with  fuch 
machines,  very  few  have  fucceeded  without  an  incon- 
venience, or  an  accident  ; and  fame  indeed  have  been 
attended  with  dangerous  and  even  fatal  confeqiiences ; 
from  which  the  other  fort  is  in  a great  meafure  exempt. 
But,  on  the  other  hand,  the  inflammable  air  balloon 
mull  be  made  of  a fnbftance  impermeable  to  the  fubtle 
gas  : the  gas  itfelf  cannot  be  produced  without  a con- 
fiderable  expence  ; and  it  is  not  eafy  to  find  the  mate- 
rials and  apparatus  neceffary  for  the  produdlion  of  it 
in  every  place.  However,  it  has  been  found  that  an 
inflammable-air  balloon,  of  30  feet  in  diameter,  may  be 
made  fo  clofe  as  to  futtain  two  perfons,  and  a confider- 
able  quantity  of  ballalt,  in  the  air  for  more  than  24. 
hours,  when  properly  managed  ; and  poffibly  one  man 
might  be  fupported  by  the  fame  machine  for  three  days : 
and  it  is  probable  that  the  fluff  for  thefe  balloons  may 
be  fo  for  improved,  as  to  be  quite  impermeable  to  the 
gas,  or  very  nearly  fo  ; in  which  cafe,  the  machine, 
once  filled,  would  continue  to  float  for  a long  fpace  of 
time.  At  Paris  they  have  already  attained  to  a great 
degree  of  perfedlion  in  this  point ; and  fmall  balloons 
have  been  kept  floating  in  a room  for  many  weeks, 
without  lofing  any  confiderable  quantity  of  their  levity: 
but  the  difficulty  lies  in  the  large  machines  : for  in 
thefe,  the  weight  of  the  fluff  itfelf,  with  the  weight 
and  ftrefs  of  the  ropes  and  boat,  and  the  folding  them 
up,  may  eafily  crack  and  rub  off  the  varnifb,  and  make 
them  leaky. 

In  regard  to  phllofophical  obfervations,  derived  from 
the  new  fubjeft  of  aeroflation,  there  have  been  very 
few  made  ; the  novelty  of  the  difeovery,  and  of  the 
profpedi  enjoyed  from  the  car  of  an  aeroftatic  machine, 
have  commonly  diftrafled  the  attention  of  the  aeronauts ; 
not  to  remark  that  many  of  the  adventurers  were  in- 
adequate to  the  purpofe  of  making  improvements  in 
philofophy,  being  moftly  influenced  either  by  pecuniary 
motives,  or  the  vanity  of  adding  their  names  to  the  lifl 
of  aerial  travellers. — The  agreeable  flillnefs  and  tran- 
quillity experienced  pJoft  in  the  atmofphere,  have  been 
matter  of  geHcral  obfervation.  Some  machines  have 
afeended  to  a great  height,  as  far,  it  has  been  faid,  as 
two  miles  ; and  they  have  commonly  paffed  through 
fogs  and  clouds,  above  which  they  have  enjoyed  the 
cieat  light  and  heat  of  the  lun,  whilfl  the  earth  beneath 


was  a(51ually  covered  by  denfe  clouds,  which  poured 
down  abundance  of  rain.  In  afeending  very  high,  the 
aeronauts  have  often  experienced  a pain  in  their  ears, 
arifing,  it  is  liippofed,  from  the  internal  air  being  riot 
of  the  fame  denlity  as  the  air  without  ; but  the  pain 
ufually  went  off  In  a flio'rt  time  : and  it  feems  that  this 
effcdl  is  fimilar  to  what  is  experienced  by  perfons  who 
defeend  by  a diving-bell  to  confiderable  depths  in  the 
fea  : I remember  often  to  have  heard  the  late  unfortu- 
nate Mr,  Spalding,  the  celebrated  diver*,  fpeak  of  this 
effedl,  with  a marked  and  philofophical  accuracy  : after 
defeending  two  or  three  fathoms  below  the  furface,  he 
began  to  feel  a pain-  in  his  ears,  which  gradually  in- 
creafed  to  a very  great  degree  if  the  defeent  was  too 
quick  ; his  method  was  therefore  to  defeend  jflowly,  and 
to  make  a flop  for  fome  minutes  at  the  depth  of  5 fa- 
thom, which  is  equal  nearly  to  the  ^reffure  of  the  at- 
mofphere, and  where  confequently  the  air  in  his  bell 
was  of  double  the  denfity  of  common  air  at  the  fiirface  ; 
after  refting  here  aw'hlie,  his  ears,  as  he  expreffed  it, 
gave  a crack,  and  he  was  fuddenly  relieved  of  the  pain. 
He  then  defeended  5 fathoms  more,  with  the  fame 
fymptoms,  and  the  fame  effect : and  fo  on  continually, 
from  one  five  fathoms  to  another,  defeending  leifurely, 
and  flopping  a little  at  each  iiage,  to  give  time  for  his 
conftitution  to  adapt  itfelf  to  the  degree  of  condenfatioa 
of  the  air  ; after  which  he  felt  no  more  Inconvenience, 
till  he  came  to  afeend  again,  which  was  performed  with 
the  fame  caution  and  circumftaiices.  One  experiment 
is  recorded,  in  which  the  air  of  a high  region,  being 
brought  down,  and  examined  by  means  of  nitrous^air, 
was  found  to  be  purer  than  the  air  below.  The  tem- 
perature of  the  upper  regions  too,  it  has  been  found,  is 
much  colder  than  that  of  the  air  near  the  earth ; the 
thermometer,  in  fome  aeroflatic  machines,  having  de- 
feended many  degrees  below  the  freezing  point  of  water, 
while  it  w'as'confiderably  higher  than  that  degree  at 
the  earth’s  furface. 

FESTIVAL,  fee  Estival. 

AISTUARY,  or  Estuary,  in  Geography^  an  arm 
of  the  fea,  running  up  a good  way  into  the  land.  Such 
as  Briftol  channel,  many  of  the  friths  in  Scotland,  and 
fuch  like. 

^THER,  fee  Ether. 

AFFECTED,  or  Adfected,  Equation,  in 
Algebra^  Is  an  equation  In  which  the  unknown  quantity 
rifes  to  two  or  more  feveral  powers  or  degrees.  Such^ 
for  example,  is  the  equation  — px'^  'qx  =■  r,  in 
which  there  are  three  different  powers  of  .r,  naraelyi 
x'^j  and  .v. 

The  term,  affeifled,  is  alfo  ufed  fometimes  in  alge- 
bra, when  fpeaking  of  quantities  that  have  co-efficients; 

Thus  in  the  quantity  2/7,  a is  faid  to  be  affedled  with 
the  co-efficient  2. 

It  is  alfo  faid,  that  an  algebraic  quantity  is  affeefled 
with  the  fign  -f  or  or  with  a radical  fign  ; meaning 
no  more  than  that  it  has  the  fign  -f  or  or  that  it 
includes  a radical  fign. 

The  term  adfedled,  or  affedted,  I think,  was  intro- 
duced  by  Vieta.  ' . - 

AFFECTION,  in  Geometry y a term  ufed  by  fome 
ancient  writers,  fignifying  the  fame  as  property. 

Affection.  PhyJ,  The  affedlions  of  a body 
are  certain  modifications  occafioned  or  induced  by 
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motion  ; in  virtue  of  which  the  body  is  dlfpofcd  after 
fuch,  or  fuch  a manner. 

The  affedllons  of  bodies,  are  fometimes  divided  into 
primary  and  feconclary. 

Primary  AJfe^tions^  are  thofe  which  arife  either  out 
of  the  idea  of  matter,  as  magnitude,  quantity,  and 
figure;  or  out  of' the  idea  of  form,  as  quality  and 
po\ver  ; or  out  of  botli,  as  motion,  place,  and  time. 

Secondar^i  or  derivative  AJrBionsy  are  fuch  as  arife 
out  of  primary'  ones,  as  dlvifibility,  continuity,  conti- 
guity, &c,  which  arife  out  of  quantity  ; regularity,  ir- 
regularity, 5cc,  which  arife  out  of  figure,  &c. 

AFFIRMATIVE  Quantity,  or  Positive 
Quantity,  one  which  is  to  be  added,  or  taheu 
cffedtively  ; in  contradillinddion  to  one  that  is  to  be  fub- 
tradled,  or  taken  defeftively. — The  term  affirmative 
was  introduced  by  Vieta. 

Affirmative  Sign,  or  Positive  Sign,  in  Alge- 
Iray  the  fign  of  addition,  thus  marked  -f , and  is  called 
plus-,  or  more,,  or  added  to.  ^Vhen  fet  before  any  fingle 
quantity,  it  ferves  to  denote  that  it  is  an  affirmative  or 
a pofitive  quantity  ; when  fet  between  two  or  more 
quantities,  it  denotes  their  fum,  Ihewing  that  the  latter 
are  to  be  added  to  the  former.  So  and  -f  a,  and 
-p  AB,  are  affirmative  quantities  ; alfo  -f  6 + 8 + 
lo  denote  the  fum  of  6,  8,  and  lo,  which  is  24,  and 
are  read  thus,  6 plus  8 plus  lo.  Alfo  ^ ^ + r de- 

note the  fum  of  the  quantities  reprefented  by  a,  b and  c, 
when  added  together.  It  feems  now  not  eafy  to  afeer- 
tain  with  certainty,  when,  or  by  whom,  this  fign  was 
firft  introduced  ; but  it  wtis  probably  by  the  Germans, 
as  I find  it  firft  ufed  by  Stifelius  in  his  Arithmetic,  print- 
ed in  1544. 

The  early  writers  on  Algebra  ufed  the  word  plus  in 
Latin,  or  piu  in  Italian,  for  addition,  and  afterwards 
the  initial  p only,  as  a contraiftion  ; like  as  they  ufed 
minus,,  or  meno,  or  the  initial  m only,  for  fubtradlion  : 
and  thus  thefe  operations  were  denoted  In  Italy  by 
Lucas  de  Burgo,  Tartalea,  and  Cardan,  while  the  figns 
-p  and  — were  employed  much  about  the  fame  time 
in  Germany  by  Stifelius,  Scheubelius,  and  others,  for 
the  fame  operations. 

AGE,  in  Chronology,  is  ufed  for  a century,  being 
a fyftem  or  a period  of  a hundred  years. 

Chronologifts  alfo  divide  the  time  fince  the  creation 
cf  the  world  into  three  ages:  The  firft,  from  Adam 
till  Mofes,  which  they ■ tall  the  age  of  nature;  the  fe- 
cond  from  Mofes  to  Jefus  Chrift,  called  the  age  of  the 
law  ; and  the  third,  or  age  of  grace,  from  Jefus  Chrift 
till  the  end  of  the  world. 

Age  of  the  Moon,  in  Aftronomy,  is  the  number  of 
days  elapfed  fince  the  laft  new  moon.  To  find  the 
moon’s  age,  for  any  time  nearly,  for  ordinary  ufes  ; 
add  together  the  epa6f,  the  day  of  the  current  month, 
and  the  number  of  months  from  March  to  the  prefent 
month  Inclufive  ; the  fum  Is  the  moon’s  age : but  if 
the  fum  exceed  29,  dediuft  29  from  it  in  months  that 
have  30  days,  or  30  in  thofe  that  have  31  ; and  the  re- 
mainder will  be  the  age. — At  the  end  of  19  years  the 
moon’s  age  returns  upon  the  fame  day  of  the  month, 
hut  falls  a little  ffiort  of  the  fame  hour  of  the  day. 

AGENT,  Agem,  in  Phyfics,  that  by  wdiich  a thing 
Is  done  or  effcdled  ; or  any  thing  having  a power  by 


which  it  afts  on  another,  called  the  patient,  or  by  its 
action  induces  fome  change  in  it. 

AGGREGATE,  the  fum  or  refult  of  feveral  things 
added  together.  See  Sum, 

AGITATION,  in  Phyftcs,  a brifk  intefllne motion, 
excited  among  the  particles  of  a body.  Thus  fire  agi- 
tates the  fubtleft  particles  of  bodies.  Fermentations, 
and  effervefcences,  are  pioduced  by  a brillc  agitation  of 
the  particles  of  the  fermenting  body. 

AGUILON  (Francis),  or  Aquilon,  was  ajefuit 
of  Bruffels,  and  profeffor  of  philofophy  at  Doway,  and 
of  theology  at  Antwerp.  Fie  was  one  of  the  firft 
that  introduced  mathematical  ftudics  into  Flanders.  He 
wrote  a large  work  on  Optics,  in  6 books,  which  was 
publiflied  In  folio,  at  Antwerp,  in  1613  ; and  a trcatlfe. 
of  Projections  of  the  Sphere.  He  proralfed  alfo  to  treat 
upon  Catoptrics  and  Dioptrics,  but  this  was  prevented 
by  his  death,  which  happened  at  Seville,  in  the  year 
1617. 

AIR,  In  Phyfics,  a thin,  fluid,  tranfparent,  elaftic, 
compreffible,  and  dilatable  body,  which  furrounds  this 
terraqueous  globe,  and  covers  it  to  a confiderable 
height. 

Some  of  the  ancients  confidered  air  as  an  element, 
namely,  one  cf  the  four  elements,  air,  earth,  water, 
and  fire,  of  which  they  conceived  all  bodies  to  be  com- 
pofed ; and  though  it  be  certain  that  air,  taken  In  the 
common  acceptation,  be  far  from  the  fimplicity  of  an 
elemental^  fubftance,  yet  fome  of  its  parts  may  pro- 
perly be  fo  called.  So  that  air  may  be  diftinguifhed 
into  proper  or  elementary,  and  vulgar  or  heterogenet 
ous. 

Elementary  Air,  or  Air  properly  fo  called,  is  a fub- 
tle,  homogeneous,  elaftic  fluid  ; being  the  bafis,  or 
fundamental  ingredient,  of  the  whole  air  of  the  atmo- 
fpheie,  from  which  it  takes  Its  name.  And  in  this 
fenfe  Dr.  Flales,  and  otlier  modern  philofojihers,  con- 
fider  it  as  entering  into  the  compofition  of  mofl,  or 
perhaps  all  bodies  ; exifting  In  ihcm  in  a folid  Hate, 
devoid  of  its  elafticity,  and  moil  of  Its  dlflingulfhlng 
properties,  and  ferving  as  their  cement  ; but,  by  certain 
procefles,  capable  of  being  difengaged  from  them,  re- 
covering its  elafticity,  and  refemblliig  the  air  of  our  at- 
mofphere. 

The  particular  nature  of  this  aerial  matter  we  know 
but  little  about : what  authors  have  faid  concerning  it 
being  chiefly  conjeflural.  There  is  no  way  of  exa- 
mining air  pure  and  defecated  from  the  feveral  matters 
with  which  it  is  mixed  ; and  confequently  we  cannot 
pronounce  what  arc  its  peculiar  properties,  abftratftcdly 
from  other  bodies. 

Dr.  Hook,  and  fome  others,  maintain  that  It  Is  the 
fame  with  the  ether,  or  that  imaginary  fine,  fluid, 
aflive  matter,  conceived  to  be  diffufed  through  the 
whole  expanfe  of  the  celeftlal  regions  : which  comes  to 
much  the  fame  thing  as  Newton’s  fubtle  medium,  or 
fpirit.  In  this  fenfe  it  is  fuppofed  to  be  a body  fui 
generis,  incorruptible,  immutable,  incapable  of  being 
generated,  but  prefent  in  all  places,  and  in  all  bodies. 

Other  philofophers  place  its  eflence  in  elafticity, 
making  that  its  diftindtive  charaffer.  Thefe  fuppofe 
that  It  may  be  generated,  and  that  it  is  nothing  elfc 
but  the  matter  of  other  bodies,  rendered  by  the 
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changes  it  lias  undergone,  fufceptible  of  a permanent 
clafticity.  Mr.  Boyle  produces  a number  of  experi- 
ments, which  he  made  on  the  produflion  of  air,  that 
is,  according  to  him,  the  extradlion  of  a fcnfible  c[uari- 
tity  of  air  trom  a body  in  which  there  appeared  to  be 
little  or  none  at  all,  by  whatever  means  this  may  be 
elfefted.  He  obferves  that  among  the  different  methods 
for  this  purpofe,  the  chief  are  fermentation,  corroiion, 
diffolution,  decompofition,  ebullition  of  water  and 
other  fluids,  the  reciprocal  adlion  of  bodies,  efpecially 
faline  ones,  upon  one  another ; he  adds,  that  different 
folid  and  mineral  bodies,  in  the  parts  of  which  no 
clafticity  could  be  conceived  to  exift,  being  plunged 
into  corrofive  mediums,  which  alfo  are  quite  unelaffic, 
will,  by  the  attenuation  of  tbtir  parts  from  their  mu- 
tual collifion,  produce  a confiderable  quantity  of  elaf- 
tic  air. 

Sir  Ifaac  Newton  is  of  the  fame  opinion,  according 
to  whom  the  particles  of  a denfe  compadl  fixed  fub- 
Aance,  adhering  to  each  other  by  a powerful  attrac- 
tive force,  cannot  be  feparated  but  a violent  heat, 
and  perhaps  never  without  fermentation  ; and  the fe 
bodies,  rarefied  by  beat  and  fermentation,  are  finally 
transformed  into  a truly^  permanent  elafllc  air.  On 
thefe  principles,  be  adds,  gunpowder  produces  air  on 
explofion.  Optics,  Qu.  31,  &c. 

Common,  xor  heterogeneous  A i?.,  is  an  affemblage  of 
corpufclcs  of  various  ki*ds,  which  together  conflitiite 
one  fluid  mafs,  in  which  we  live  and  move,  and  which 
we  conftantly  breathe  ; which  compound  mafs  altoge- 
ther, is  called  the  atmofphere. 

In  this  popular  and  extenfive  meaning  of  the  term, 
Mr.  Boyle  acknowledges  that  air  Is  the  moll  heteroge- 
neous body  in  the  univerfe  ; and  Boerkaave  proves  that 
it  is  an  nniverfal  chaos,  a mere  jumble  of  all  fpecies  of 
created  things.  Befides  the  matter  of  light  or  fire, 
which  continually  flows  into  it  from  the  celeflial  bodies, 
and  perhaps  the  magnetic  effluvia  of  the  earth,  whatever 
fire  can  volatilize  miifl  be  found  in  the  air. 

Hence,  for  inftance,  i.  All  forts  of  vegetable  matter 
muft  be  contained  in  the  air  ; being  either  exhaled  from 
plants  growing  all  over  the  face  of  the  earth,  or  rendered 
volatile  by  putrefaction,  not  excepting  even  the  more 
folid  and  vafcular  parts  of  them. 

2.  It  is  no  lefs  certain  that  the  air  mull  contain  par- 
ticles of  every  fubftance  belonging  to  the  animal  king- 
dom. For  the  copious  emanations  which  arc  perpe- 
tually iffuing  from  the  bodies  of  animals,  in  the  per- 
fpiration  conftantly  kept  up  by  the  vital  heat,  are  ab- 
forbed  by  the  air  ; and  in  fuch  quantities  too,  during 
the  courfe  of  an  animal  life,  that,  could  they  be  recol- 
lefted,  they  would  be  fufficient  to  compofe  a good 
round  number  of  the  like  animals.  And  befides,  when 
a dead  aiilmal  continues  expoled  to  the  air,  all  its  par- 
ticles evaporate,  and  are  quickly  diffipated  ; fo  that  the 
fubftance  which  compofed  the  animal,  is  almoft  wholly 
incorporated  with  the  air. 

3,  The  whole  foffil  kingdom  rnuft  neceffarily  be 
found  in  the  atmofphere  ; for  all  of  that  kind,  asfalts, 
fulphiirs,  ftones,  metals,  &c,  are  convertible  into  fume, 
and  muft  confequentiy  take  place  among  aerial  fub- 
fiances.  Gold  itfelf,  the  moft  fixed  of  all  natural  bo- 
dies, is  found  among  ores,  clofeiy  adhering  to  i^ulphurs 
in  mines,  and  fo  is  raifed  along  with  the  mineral. 


Of  all  the  emanations  v.diich  float  in  the  vaft  ooean 
of  the  atraofpliere,  perhaps  the  pnncipal  are  fuch  as 
confift  of  faline  particles.  Many  writers  fuppofe  that 
they  are  of  a nitrous  kind  ; but  it  Is  probable  that  they 
ate  of  all  forts,  as  vitriol,  alum,  marine  fait,  and  many 
others.  And  Mr.  Boyle  thinks  that  there  may  be 
great  quantities  of  compound  falts,  not  to  be  met  with 
on  or  in  the  bowels  of  the  earth,  formed  by  the  for- 
tuitous concourfe  and  mixture  of  different  faline  fpirits. 

We  often  find  the  window-glafs  of  old  buildings., 
corroded,  as  if  eaten  by  worms ; though  we  know  of 
no  particular  fait  that  is  capable  of  producing  fuch  an 
effedl. 

Sulphuri  top  muft  make  a confiderable  portion  of  this 
compoundmafs,  on  account  of  the  many  volcanos,  grotts, 
caverns,  and  mines,  difperfed  over  the  face  of  the  globe. 

Finally,  the  various  attritions,  feparations,  diffolu- 
tions,  and  other  mutual  operations  of  matter  of  differ- 
ent forts  upon  one  another,  may  be  regarded  as  the 
fources  of  many  other  neutral,  or  anonymous  bodies, 
unknown  tons,  wlu'ch  rife  and  float  in  the  air. 

Air,  taken  in  this  extenfive  fenfe,  is  one  of  the  moft: 
general  and  confiderable  agents  in  nature  ; being  con- 
cerned in  the  prefervation  of  animal  and  vegetable 
life,  and  in  the  prodnclion  of  moft  of  the  phenomena 
that  take  place  in  the  material  world. 

Its  properties  and  effedls,  having  been  the  principal 
objedls  of  the  refearches  and  difeoveries  of  modern 
philofophers,  have  been  reduced  to  precife  laws  and 
demonffrations,  foianing  no  in  confiderable  branch  of 
mixed  mathematics,  under  the  titles  of  Pneumaties, 
Aerometry,  &c. 

Mechanical  Properties  and PffeBs  of  A\k*  Of  thefc 
the  moft  confiderable  are  its  fluidity,  its.  weight,  and 
its  clafticity. 

I,  Its  Fluidity. — The  great  fluidity  of  the  air  is 
manifeft  from  the  great  facility  with  which  bodies  tra- 
verfe  it  ; as  in  the  propagation  of,  and  eafy  conveyance 
it  affords  to,  founds,  odours  and  other  effluvia  and  ema- 
nations that  efcape  from  bodies ; for  thefe  effefls  prove 
that  it  is  a body  whofe  parts  give  way  to  any  force,  and 
in  yielding  are  eafily  moved  amongft  themfelves  ; which 
is  the  definition  of  a fluid.  That  the  air  is  a fluid  is. alfo 
proved  from  this  circumftance,  that  it  is  found  to  exert 
an  equal  preffure  in  all  diredfions ; an  effedl  which 
could  not  take  place  otherwife  than  from  its  extreme 
fluidity.  Neither  has^  it  been  found  that  the  air  can  be 
deprived  of  this  propel  ty,  whether  it  be  kept  for  many 
years  together  confined  in  glafs  veffels,  or  be  expqfed 
to  the  greateft  natural  or  artificial  cold,  or  condenfed 
by  the  moft  powerful  preffure  ; for  in  none  of  thefe. 
circumftances  has  it  ever  been  reduced  to  a folid  ftate* 
It  is  true  indeed  that  real  permanent  air  may  be  ex- 
tradfed  from  folid  bodies,  and  may  alfo  be  abforbed  by 
them  ; and  we  alfo  know  that  in  this  cafe  it  muft  be 
exceedingly  condenfed,  and  reduced  to  a bulk  many 
hundred  times  lefs  than  in  its  natural  fiate  : but  in  what 
form  it  exifts  in  thofe  bodies,  or  how  their  particles  are 
combined  together,  is  a myftery  which  remains  hitheito 
inexplicable. 

Thofe  philofophers  who,  wnth  the  Cartefians,  make 
fluidity  to  confift  in  a perpetual  inteftine  motion  of  the 
parts,  think  they  can  prove  that  this  charadler  belongs 
to  air : thus,  in  a darkened  rooms  where  the  reprefeiv 
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tations  of  external  objects  are  introduced  by  a Tingle 
ray,  the  corpufcles  with  which  the  air  is  replete,  are 
feen  to  be  in  a continual  fluctuation.  Some  moderns 
attribute  the  fluidity  of  the  air,  to  the  fire  which  is 
intei  inixed  withit  ; without  which,  fay  they,  the  whole 
atmofphere  would  harden  into  a Tolid  impenetrable 
mafs  : and  indeed  it  muft  be  allowed  that  the  more  fire 
it  contains,  the  greater  will  its  fluidity,  mobility,  and 
permeability  be  ; and  according  as  the  different  pofi- 
tions  of  the  fun  augment  or  diminifh  the  degree  of 
fire,  the  air  always  receives  a proportional  temperature, 
and  is  kept  in  a continual  reciprocation. 

2.  lu  Weight  or  Gravity. — The  weight  or  gravity 
of  the  air,  is  a property  belonging  to  it  as  a body  ; 
for  gravity  is  a property  effential  to  matter,  or  at  leall 
a property  found  in  all  bodies.  But  independent  of 
this,  we  have  many  direCf  proofs  of  its  gravity  from 
fenfe  and  experiment  : thus,  the  hand  laid  clofe  upon 
the  end  of  a veffel,  out  of  which  the  air  is  drawn  at 
the  other  end,  foon  feels  the  load  of  the  incumbent  at- 
mofphere ; thus  alfo,  thin  glafs  veffels,  exhaufled  of 
their  air,  are  eafily  crufhed  to  pieces  by  the  weight  of 
the  external  air : and  fo  two  hollow  fegments  of  a 
Tphere,  4 inches  in  diameter,  exaClly  fitting  each  other, 
being  emptied  of  air,  are,  by  the  weight  of  the  ambient 
air,  preffed  together  with  a force  which  requires  the 
W'eight  of  188  pounds  to  feparate  them  ; and  that  they 
are  thus  forcibly  held  together  by  the  preffure  of  the 
air,  is  made  evident  by  fufpending  them  in  an  exhaufted 
receiver,  for  then  they  quickly  feparate  of  themfelves, 
and  fall  afunder.  Again,  if  a tube,  clofe  at  one  end, 
be  filled  with  quickfilver,  and  the  open  end  be  immerged 
•in  a bafon  of  the  fame  fluid,  and  fo  held  upright,  the 
quickfilver  in  the  tube  will  be  kept  raifed  up  in  it 
to  the  height  of  about  30  inches  above  tiie  furface  of 
that  in  the  bafon,  being  fupported  and  balanced  by  the 
preffure  of  the  external  air  upon  that  furface  : and  that 
this  is  the  caufe  of  the  fufpenfion  of  the  quickfilver  in 
the  tube,  is  made  evident  by  placing  the  whole  appara- 
tus under  the  receiver  of  an  air-pump  ; for  then  the 
fluid  will  defeend  in  the  tube  in  proportion  as  the  re- 
ceiver is  exhaufted  of  its  air  ; and  then  on  gradually 
letting  in  the  air  again,  the  quickfilver  reafeends  to  its 
former  height  in  the  tube  : and  this  is  what  is  called, 
from  its  inventor,  the  Terricellian  experiment.  Nay 
farther,  air  can  adtnally  be  weighed  like  any  other 
body  ; for  a rigid  veffel,  full  even  of  common  air,  by  a 
nice  balance  is  found  to  weigh  more  than  vhen  the  air 
is  exhaufted  from  it ; and  the  tffedf  Is  proportionally 
more  fenfible,  if  the  veft'el  be  weighed  full  of  condenfed 
air,  and  more  ftiii  If  it  be  weighed  in  a receiver  void 
of  air. 

But  although  we  have  innumerable  proofs  of  the 
gravitating  property  of  the  air,  yet  the  full  difcoveiy 
of  the  laws  and  circnraftanccs  of  it  are  certainly  due 
to  the  moderns.  It  cannot  indeed  be  denied,  that 
feveral  of  the  ancients  had  forne  confufed -notions  about 
- this  property  ; thus  Ariftotle  fays  that  all  the  elements 
have  gravity,  and  even  air  itfelf ; and  as  a proof  of  it, 
..  fays  that  a bladder  inflated  with  air,  weighs  more  than 
the  fame  when  empty  ; and  Plutarch  and  Stobasus  quote 
him  as  teaching  that  the  air  in  its  weight  is  between 
that  of  fire  and  of  earth  ; and  farther,  he  himfelf, 
treating  of  refpiration,  reports  it  as  the  opinion  of 
VoL.  I. 


Empedocles,  that  he  aferibes  the  caufe  of  it  to  tire 
weight  of  the  air,  which  by  Its  prefturc  forces  itfeli 
into  the  lungs  ; and  much  in  the  fame  way  are  the  feu- 
timents  of  Afclepiades  expreffed  by  Plutarch,  who  re- 
prefents  him  as  faying',  among  other  things,  that  the 
external  air,  by  its  weight,  forcibly  opened  its  way  Into 
the  breaft.  But  neverthelefs  it  is  certain,  however  un- 
reafonable  it  may  feem,  that  Ariftotle’s  followers  de- 
parted in  this  Inftance  from  their  mafter,  by  afierting- 
the  contrary  for  many  ages  together'.  Indeed  marry  ot 
the  phenomena  arifing  from  this  pi'opeily,  have  been 
remarked  from  the  higheft  antiquity.  Many  centuries 
fince,  it  was  known  that  by  fucking  the  air  from  an 
open  pipe,  having  its  extremity  immeried  in  water, 
this  fluid  rlfes  above  Its  level,  and  occupies  the  place 
of  the  air,  Iir  confequence  of  fuch  oblervations,  luck- 
ing pumps  were  contrived,  and  various  other  hydraulic 
machines  ; as  liei'on’s  fyplions,  defer  ibed  In  his  Spiri- 
taliii  or  Pneumatics,  and  the  watering-pots  known  in 
Arift6tle’s  time  under  the  name  of  clepfydrcc^  which 
alternately  flop  or  run  as  the  linger  clofesor  opens  their 
upjrer  oiiliee.  Indeed  the  I'cafoir  affigncd,  by  pliilofo- 
plici's  many  ages  after,  for  this  phenomenon,  was  a pre- 
tended horror  that  nature  conceives  for  a vacuum, 
which,  lather  tlicn  endure  it,  makes  a body  afeend  con- 
trai'y  to  the  powerful  loilcitation  of  its  gravity.  Even 
Galileo,  with  all  his  fagacity,  could  not  for  fume  time 
hit  upon  any  thing  more  fatisfaclory  ; for  he  only 
afligned  a limit  to  this  dread  of  vacuity  : having  ob- 
ferved  that  fucking  pumps  would  not  raife  water 
higher  than  16  braffes,  or  34  Englifh  feet,  he  limited 
this  abhorring  force  of  nature,  to  one  that  was  equiva- 
lent to  the  weight  of  a column  of  water  34  feet  high, 
on  the  fame  bale  as  the  void  fpace.  Confequently  he 
pointed  out  a way  of  making  a vacuum,  by  means  of 
a hollow  cylinder,  whofe  pifton  Is  charged  with  a weight 
fufficlent  to  detach  It  from  the  dole  bottom  turned 
upwards  : this  effort  he  called  the  meafure  of  the  force 
of  vacuity,  and  made  ufe  of  it  for  explaining  the  co- 
hefion  of  the  parts  of  bodies. 

Galileo  however  was  well  apprifed  of  the  weight  of 
the  air  as  a body  : in  his  Dialogues  he  fliews  two  ways 
of  demonftrating  it,  by  weighing  it  In  bottles  : the 
tranfition  was  cafy  from  one  difeovery  to  another  : yet 
ftill  Galileo’s  knowledge  of  the  matter  was  imperfedl, 
that  Is,  as  to  the  particular  inftance  of  the  fufpenfion 
of  a fluid  above  its  level,  by  the  preffure  of  the  external 
air. 

At  length  Torricelli  fell  upon  the  lucky  guefs,  that 
the  counter poife  which  keeps  fluids  above  their  level, 
when  nothing  prefles  upon  their  internal  furface,  is  the 
mafs  of  air  relling  upon  the  external  one.  He  dlfco- 
vered  it  in  the  following  manner:  In  the  year  1 643 
this  dllciple  of  Galileo,  on  occafion  of  executing  an 
experiment  on  the  vacuum  formed  in  pumps,  above 
the  column  of  water,  when  it  exceeds  34  feet,  thought 
of  ufing  fome  heavier  fluid,  fuch  as  quickfilver.  He 
conceived  tliat  whatever  miglit  be  the  caufe  by  which 
a column  of  water  of  34  feet  high  is  fullained  above 
its  level,  the  fame  force  would  fuftaiii  a column  of  any 
other  fluid,  which  weighed  as  much  as  that  column  of 
water,  on  the  fame  bale  ; whence  he  concluded  that 
quickfilver,  being  about  14  times  as  heavy  as  water, 
would  not  be  fuftciined  higher  than  29  or  30  inches. 
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He  therefore  took  a glafs  tube  of  feveral  feet  in  length, 
iealed  it  hermetically  at  one  end,  and  hlled  it  with  quick- 
fiiver ; then  inverting  it,  and  holding  it  uoright,  by 
preiling  his  finger  againri:  the  lower  or  open  orifice,  he 
immerfed  that  end  in  a vefiel  of  quickfilver  ; then  re- 
moving his  finger,  and  fiiffering  the  fluid  to  run  out, 
the  event  verified  his  conjedlure  ; the  quickfilver,  faith- 
ful to  the  laws  of  hydroftatics,  defeended  till  the  column 
of  it  was  about  30  inches  high  above  the  fiirface  of  that 
in  the  veflel  below.  And  hence  Torricelli  concluded 
that  it  was  no  other  than  the  weight  of  the  air  incum- 
bent on  the  furface  of  the  external  quickfilver,  which 
counterbalanced  the  fluid  contained  in  the  tube. 

By  this  experiment  Torricelli  not  only  proved,  what 
Galileo  had  done  before,  that  the  air  had  weight,  but 
alfo  that  it  was  its  weight  which  kept  water  and  quick- 
filver  raifed  in  pumps  and  tubes,  and  that  the  weight 
of  the  whole  column  of  it  was  equal  to  that  of  a like 
column  of  quickfilver  of  30  inches  high,  or  of  water 
34  or  35  feet  high  ; but  he  did  not  afeertain  the  weight 
of  any  particular  quantity  of  it,  as  a gallon,  or  a cubic 
foot  of  it,  nor  its  fpecific  gravity  to  water,  which  had 
been  done  by  Galileo,  though  to  be  fure  with  no  great 
accuracy,  for  he  only  proved  that  water  was  more  than 
400  times  heavier  than  air.  ' 

Torricelli’s  experiment  became  famous  in  a fhoit  time. 
Father  Merfenne,  who  kept  up  a correfpondence  with 
mofl;  of  the  literati  in  Italy,  was  informed  of  it  in  1644, 
and  communicated  it  to  thofe  of  France,  who  prefently 
repeated  the  experiment  ; Meflrs.  Pafeal  and  Petit  made 
it  firft,  and  varied  it  feveral  ways  ; which  gave  occalion 
to  the  ingenious  treatife  which  Pafeal  publhhed  at  23 
years  of  age,  intitled  Experiences  Efouvelles  touchant  la 
V uide.  In  this  treatife  indeed  he  makes  life  of  the  old 
principle  of  fuga  vacut ; but  afterwards  getting  fame 
notion  of  the  weight  of  the  air,  he  foon  adopted  Tor- 
ricelli’s idea,  and  devifed  feveral  experiments  to  confirm 
it.  One  of  thefe  was  to  procure  a vacuum  above  the 
refervoir  of  quickfilver;  in  which  cafe  he  found  the 
column  fink  down  to  the  common  level : but  this  ap- 
pearing to  him  not  fufficiently  pov/erful  to  diffipate  the 
prejudices  of  the  ancient  philofophy,  he  prevailed  on 
M.  Perier,  his  brother-in-law,  to  execute  the  famous 
experiment  of  Puy-de-Domme,  who  found  that  the 
height  of  the  quickfilver  half-way  up  the  mountain  was 
iefs,  by  foine  inches,  than  at  the  foot  of  it,  and  ftill  lefs 
at  the  top : fo  that  it  was  now  put  out  of  doubt  that 
it  was  the  weight  of  the  atmofphere  which  counter- 
poifed  the  quickfilver. 

Des  Cartes  too  had  a right  notion  of  this  effedt  of 
the  air,  to  fuftain  fluids  above  their  level,  as  appears  by 
fome  of  his  letters  about  this  time,  and  fomc  years  be- 
fore ; and  in  one  of  thofe  he  lays  claim  to  the  idea  of 
the  Puy-de-Domme  experiment  : After  having  defired 
M,  de  Carcavi  to  inform  him  of  the  fuccefs  of  that 
experiment,  which  public  rumour  had  advertifed  him 
had  been  made  by  M.  Pafeal  himfelf,  he  adds,  “ I 
had  reafon  to  cxpedl  this  from  him,  rather  than 
from  you,  becaufe  I firfi;  propofed  it  to  him  two  years 
fince,  alfuring  him  at  the  fame  time,  that  although  I 
had  not  tried  it,  yet  I could  not  doubt  of  the  confe- 
quence ; but  as  he  is  a friend  of  M.  RoberVal,  who 
profefles  himfelf  no  friend  to  me,  I fuppofe  he  is  guided 


by  that  gentleman’s  paffions.”  See  more  of  this  liif- 
torv  under  Barometer. 

As  to  the  aAual  weight  of  any  given  portion  of 
common  air,  it  feems  that  Galileo  was  the  firfi:  who 
determined  it  experimentally  ; and  he  giv^es  two  differ- 
ent methods,  in  his  Dialogues,  for  weighing  it  in  bot- 
tles : he  did  not  however  perform  tlie  experiment  very 
accurately,  as  he  (fated  from  the  refult  that  the  gravity 
of  water  was  to  that  of  air  rather  above  400  to  i. 

A.  quantity  of  air  was  next  weighed  by  Merfenne  in 
a very  ingenio'iis  manner.  His  idea  was  to  weigh  a 
veflel  both  when  full  of  air,  and  when  emptied  of  it  : 
to  make  the  vacuum  for  this  purpofe,  he  knew  no  bet- 
ter way  thtiii  by  expelling  the  air  out  of  an  eolipile  by 
heating  it  red  hot  : by  weighing  it^^both  when  cold 
and  hot,  he  found  a certain  difference;  which  however 
was  not  the  exafi  weight  of  that  capacity  of  air,  be- 
caufe  the  vacuum  was  not  perfedf.  But  by  plunging 
the  eolipile,  when  red  hot,  into  water,  jufi;  fo  much 
w'ater  entered  as  was  equal  in  bulk  to  the  air  that  had 
been  expelled  ; then  he  took  it  out  and  weighed  it 
with  ihe  water,  which  gave  the  weight  of  the  fame  bulk 
of  water;  and  on  comparing  this  with  the  former  dif- 
ference, or  weight  of  air  expelled,  he  found  their  pro- 
portion to  be  as  1300  to  i.  Which  is  as  wide  of  the 
truth  as  Galileo’s  proportion,  namely  400  to  i,  but  the 
contrary  way.  And  it  is  remarkable  that  the  mean 
between  the  two,  namely  850  to  i,  is  very  near  the 
true  proportion  as  fettled  by  other  more  accurate  expe- 
riments. 

Mr.  Boyle,  by  a more  accurate  experiment,  found  the 
proportion  to  be  that  of  938  to  i.  And  Mr.  Haukf- 
bee  found  it  as  850  to  i,  proceeding  on  the  fame  prin- 
ciples as  Merfenne,  with  a three-gallon  glafs  bottle, 
but  extracting  the  air  out  of  it  with  the  air  pump,  in- 
ftead  of  expelling  it  by  fire  ; the  height  of  the  barome- 
ter being  at  that  time  29*7  inches.  Alfo  by  other  ac- 
curate experiments  made  before  the  Royal  Society  by 
Mr,  Hauklbee,  Dr.  Halley,  Mr.  Cotes,  and  others, 
the  proportion  was  always  between  800  and  900  to  i, 
but  rather  nearer  the  latter,  namely,  being  firil  found 
as  840  to  T,  then  as  852  to  i,  and  a third  time  as  860 
to  I ; the  barometer  then  ftandlng  at  29I:  inches,  and 
the  weather  warm.  Mr.  Cavendifh  determines  the 
ratio  800  to  I,  the  barometer  being  29^,  and  the  ther- 
mometer at  50° ; and  Sir  George  Shuckburgh,  by  a 
very  accurate  experiment,  finds  it  836  to  i,  the  barome- 
ter being  at  that  time  at  29*27,  and  the  thermometer 
at  51°.  And  the  medium  of  all  thefe  is  about  832  or 
or  833  to  I,  when  reduced  to  the  preffure  of  30  inches 
of  the  barometer,  and  the  mean  temperature  55®  of  the 
thermometer.  Upon  the  whole  therefore  it  may  be 
iafely  concluded  that,  when  the  barometer  is  at  30 
inches,  and  the  thermometer  at  the  mean  temperature 
55®,  the  denfity  or  gravity  of  water  is  to  that  of  air,  as 
^33 3 to  that  is  as  -hyC  to  i,  or  as  2300  to  3 ; and 
that  for  any  changes  in  the  height  of  the  barometer, 
the  ratio  varies  proportionally  ; and  alfo  that  the  denfity 
of  the  air  is  altered  by  the  purt  for  every  degree 

of  the  thermometer  above  or  below  temperate. 

This  number,  which  is  a very  good  medium  among 
them  all,  I have  chofen  with  theffraCtion  |,  becaufe  it 
gives  exactly  i|- ounce  for  the  mean  weight  of  a cubic 
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foot  of  air,  the  weight  of  the  cubic  foot  of -water  be- 
ing juft  looo  ounces  averdupois,  and  that  of  quickfiiver 
equal  to  13600  ounces. 

Ah',  then,  having  been  fhewn  to  be  a heavy  fluid  fnb- 
ftance,  the  laws  of  its  gravitation  and  prefTure  muft  be 
the  fame  as  thofe  of  water  and  other  fluids  ; and  con- 
fequently  its  preflure  muft  be  proportional  to  Its  per- 
pendicular altitude.  Which  is  exaCbly  conformable  to 
exDen’ment  ; for  on  removino-  the  Teniccllian  tube  to 
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different  heights,  where  the  column  of  air  is  fhorter,  the 
column  of  quickfiiver  wlilch  it  fuilains  is  fhorter  alfo, 
and  that  nearly  at  the  rate  of  loo  feet  for 
inch  of  quickfiiver.  And  on  thefe  principles  depend  the 
ftrucfture  and  life  of  the  barometer. 

And  from  the  fame  princljfle  It  likewife  follows  that 
air,  like  other  fluids,  prefies  equally  in  all  directions. 
And  hence  it  happens  that  foft  bodies  endure  tin's  pref- 
fure  without  change  of  figure,  and  hard  or  brittle 
bodies  without  breaking ; being*  equally  preifed  on  all 
parts;  but  if  the  preffure  be  taken  off,  or  diminifhed, 
on  one  fide,  the  eftedf  of  it  is  immediately  perceived 
on  the  other.  See  Atmosphere,  for  the  total  quan- 
tity of  effefts  and  preffure,  and  the  laws  of  different 
altitudes,  &c. 

Fiom  the  weight  and  fluidity  of  the  air,  jointly  con- 
fidered,  many  effedfs  and  ufes  of  it  may  ealily  be  de- 
duced. By  the  combination  of  thefe  two  qualities,  it 
clofely  invefts  the  earth,  with  all  the  bodies  upon  it, 
conftnnging  and  binding  them  down  with  a great  force, 
namely  a preffure  equal  to  about  1 5 pounds  upon  every 
fquare  inch.  Hence,  for  exa.niple,  It  prevents  the  arte- 
rial vcflels  of  plants  and^  animals  from  being  too  much 
dillended  by  the  impetus  of  the  circulating  juices,  or 
by  the  elaflic  force  of  the  air  fo  copioufly  abounding 
in  them.  For  hence  it  happens,  that  on  a diminution 
of  the  preffure  of  the  air,  in  the  operation  of  cupping, 
Tve  fee  the  parts  of  the  body  grow  tumid,  which  caufes 
an  alteration  in  the  circulation  of  the  fluids  in  the  ca- 
pillary veffels.  And  tlie  fame  caufe  hinders  the  fluids 
from  tranfpiring  through  the  pores  of  their  containing 
reffels,  which  would  otherwife  caufe  the  greatell  debility, 
and  often  deftroy  the  animal.  To  the  fame  two  qua- 
lities of  the  air,  weight  and  fluidity,  is  owing  the  mix- 
ture of  bodies  contiguous  to  one  another,  efpeclally 
fluids  ; forfeveral  liquids,  as  oils  and  falts,  which  readily 
mix  of  themfelves  in  air,  will  not  mix  at  all  in  vacuo. 
With  many  other  natural  phenomena. 

3.  Elajlicity,  Another  quality  of  the  air,  from 
whence  arlle  a multitude  of  effeds,  is, its  elafticity  ; a 
^ quality  by  which  It  yields  to  the  preflion  of  any  other 
bodies,  by  contradfing  Its  volume  ; and  dilates  and  ex- 
pands itfelf  again  on  tlie  removal  or  diminution  of  the 
^ preffure.  This  quality  is  the  chief  diftindfive  property 
of  air,  the  other  two  being  common  to  other  fluids 
alfo. 

Of  this  property  we  have  innumerable  inflances. 
Ihus,  for  example,  a blown  bladder  being  fqiieczed 
in  the  hand,  we  find  a feufible  rcfiftancc  from  the  in- 
cluded air;  and  upon  taking  oft  the  picflure,  the  com- 
preffed  parts  Immediately  reftore  themfelves  to  their 
former  round  figure.  And  on  this  property  of  elafti- 
city depend  the  ftrudfurc  and  ufes  of  the  air-pump. 

Fvery  particle  of  air  makes  a continual  effort  to 
djlate  itfelf)  and  fo  it  a6t»  forcibly  againfl  all  the  neigh- 


bouring particles,  which  alfo  exert  the  like  force  in 
return  ; but  if  their  refilfance  happen  to  ceafe,  or  be 
weakened,  the  particle  immediately  expands  to  an  im- 
menfe  extent.  Flencc  it  is  that  thin  glafs  bubbles,  or 
bladders,  filled  with  air,  and  placed  under  the  receiver 
of  an  air-pump,  do,  iqion  pumping  out  the  air,  burft 
afunder  by  the  force  of  the  air  which  they  contain.  So 
likewnfe  a clofe  flaccid  bladder,  containing  only  a fmall 
quantity  of  air,  being  put  under  the  receiver,  • fvvells  as 
the  receiver  is  exhaulted,  and  at  length  appears  quite 
full.  And  the  fame  thing  happens  by  carrying  the 
flaccid  bladder  to  the  top  of  a very  high  mountain. 

The  fame  experiment  Ihews  that  this  elaftic  property 

of  tlie  air  is  very  diflerent  from  tlie  ciafticitv  of  folid 
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bodies,  and  that  thefe  are  dilated  after  a different  man- 
ner from  the  air.  For  when  air  ceafes  to  be  compreffed, 
it  not  only  dilates,  but  tlien  occupies  a far  greater  fpace, 
and  exifls  under  a volume  immen.ftl)’-  greater  than  be- 
fore ; whereas  folid  elaftic  bodies  only  refume  the  figure 
they  had  before  they  were  compreffed. 

It  is  plain  that  the  weight  or  preffure  of  the  air  does 
not  at  all  depend  on  its  elallicity,  and  that  it  is  neither 
more  nor  Icfs  Iieavv  than  if  It  were  not  at  all  elaftic. 
But  from  Its  being  elaflic,  It  follows  that  It  is  fufeepti- 
blc  of  a preffure,  whicii  reduces  it  tofuchg  fpace,  that 
the  force  of  Its  elafticity,  which  re-a6fs  acrainft  the 
preffing  w'cight,  Is  exaclly  equal  to  that  weight.  Now 
the  law  of  the  elaflicity  is  fuch,  that  It  increafes  in' 
proportion  to  the  denfity  of  the  air,  and  that  its  denfity 
increafes  in  proportion  to  the  forces  or  w’eights  which 
comprefs  it.  But  tliere  is  a neceffary  equality  between 
action  and  re-a6tIon  ; that  is,  the  gravity,  of  the  airi 
which  effects  its  compreffion,  and  the  elafticity  of  if, 
which  gives  it  ics  tendency  to  expanfion,  are  equal, 

' So  that,  the  elaflicity  increaling  or  diminlfhing,  in 
the  fame  proportion  as  the  denfity  increafes  or  dimi- 
niflies,  that  Is,  as  the  diltance  between  Its  particles  de- 
creafe  or  increafe  ; It  Is  no  matter  whether  the  air  be 
compreffed,  and  retained  in  any  fpace,  by  the  weight 
of  the  atmolpherc,  or  by  any  other  caufe  ; as  in  either 
cafe  it  miifl  endeavour  to  expand  with  the  fame  force. 
And  therefore,  if  fuch  air  as  is  near  the  earth.be  in- 
clofed  in  a vcffel,  fo  as  to  have  no  communication  with 
the  external  air,  the  preffure  of  fuch  inclofed  air  will 
be  cxaCfly  equal  to  that  of  the  whole  external  atmo- 
fpherc.  And  accordingly  we  find  that  quickfiiver  is 
fuflained  to  the  fame  height,  by  the  elaftic  force  of 
air  inclofed  In  a glafs  veffcl,  as  by  the  whole  preffure  of 
the  atmofphcre.— And  on  this  principle  of  the  conden- 
fatiou  and  elaflicity  of  the  air,  depends  the  ffrudfurc 
and  ufe  of  the  air-o'un. 
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That  the  denfity  of  the  air  is  always  diredfly  pro- 
portional to  the  force  or  weight  which  compreffes  it, 
was  proved  by  Boyle  and  Marlotte,  at  Icafl  as  far  as 
their  experiments  go  on  this  head  : and  Mr.  Mariotte 
lias  flievvn  tliat  the  fame  rule  takes  place  in  condenfed 
air.  However,  this  rule  is  not  to  be  admitted  as  ferupu- 
loufly  exadl ; for  when  air  Is  very  forcibly  compreffed, 
fo  as  to  be  reduced  to  ^th  of  its  ordinary  bulk,  the 
effect  does  not  anfwcr  prccifely  to  the  rule  ; for  In  this 
cafe  the  air  begins  to  make  a greater  refiflance,  and  re- 
quires a flrongcr  compreffion,  than  according  to  the 
rule.  And  hence  It  would  feem,  that  tlie  particles  of 
'air  cannot,  by  means  of  any  poflible  weight  or  preflure, 
II  2 . how 


V 


A I R 


C 52  J 


A I R 

how  great  foever,  be  brought  into  perfeft  conta£l,  or 
that  it  cannot  thus  be  reduced  to  a folid  mafs  ; and  con- 
fequently  that  there  muft  be  a limit  to  which  this  con  - 
denfatlon  of  the  air  can  never  arrive.  And  the  fame 
remark  is  true  with  regard  to  the  rarefaction  of  air, 
namely,  that  in  very  high  degrees  of  rarefaCtion,  the 
elallicity  is  decreafed  rather  more  than  in  proportion  to 
the  weight  or  denfity  of  the  air:  and  hence  there  mull 
alfo  be  a limit  to  the  rarefaction  and  expanfion  of  the 
air,  by  which  it  is  prevented  from  expanding  to  in- 
finity. 

We  know  not  however  how  to  affign  thofe  limits  to 
the  elallicity  of  the  air,  nor  to  deliroy  or  alter  it, 
without  changing  the  very  nature  of  air,  which  is  ef- 
fected by  chemical  procelTes.  To  what  degree  air  is 
fufceptible  of  condenfation,  by  compreffion,  is  not  cer- 
tainly known.  Mr,  Boyle  condenfed  it  13  times  more 
than  in  its  natural  Hate,  by  this  means : others  have 
compreffed  it  into  j^^yth  part  of  its  ordinary  volume  ; 
Dr,  Hales  made  it  38  times  more  denfe,  by  means  of  a 
prefs  ; but  by  freezing  water  in  a hollow  cad-iron  ball 
or  Ihell,  he  reduced  it  to  1838  times  lefs  fpace  than  it 
naturally  occupies  ; in  which  date  it  mull  have  been 
of  more  than  twice  the  denlity  or  fpecilic  gravity  of 
water  : And  as  water  is  not  compreffible,  except  in  a 
tery  fmall  degree,  it  follows  from  this  experiment,  that 
the  particles  of  air  mud  be  of  a nature  very  different 
from  thofe  of  water  ; fince  it  would  otherwife  be  im- 
poffible  to  reduce  air  to  a volume  above  800  times  lefs 
than  in  its  common  date  | an  inference  however  which 
militates  dlredlly  againd  an  alfertion  made  by  Dr,  Hal- 
ley, from  fome  experiments  performed  in  London,  and 
others  at  Florence  by  the  Academy  del  Cimento, 
namely,  that  it  may  be  fafely  concluded  that  no  force 
whatever  Is  capable  to  reduce  air  into  a fpace  800  times 
lefs  than  that  which  it  naturally  occupies  near  the  fur- 
face  of  the  earth. 

The  eladicity  of  the  air  exerts  its  force  equally  in 
all  direflions;  and  when  It  is  at  liberty,  and  freed  from 
the  caufe  which  comprelfed  it,  it  expands  equally  in  all 
directions,  and  in  confequence  always  affumes  a fpheri- 
cal  fiffure  in  the  interdices  of  the  fluids  in  which  it  is 
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lodged.  This  is  evident  in  liquors  placed  in  the  receiver 
of  an  air  pump,  by  exhauding  the  air  ; at  fird  there 
appears  a multitiuie  of  exceeding  fmall  bubbles,  like 
grains  of  fine  fand,  difperfed  through  tlie  duid  mafs, 
and  rifing  upwards  ; and  as  more  air  is  pumped  out, 
they  enlarge  in  fize  ; but  dill  they  continue  round. 
Alfo  if  a plate  of  metal  be  immergcd  in  the  liquor,  on 
pumping,  its  fnrface  will  be  feeii  covered  over  with 
imall  round  bubbles,  compofed  of  the  air  which  ad- 
hered to  it,  now  expanding  itfelf.  And  for  the  fame 
reafon  it  is  that  large  glafs  globes  are  always  blown  up 
of  a fpberical  fliape,  by  blowing  air  through  an  iron 
tube  into  a piece  of  melted  glafs  .at  the  end  of  the 
pipe. 

'Fhe  expanfion  of  the  air,  by  virtue  of  Its  eladic 
property,  when  only  the  compreffing  force  is  taken  off, 
or  diminifiied,  is  found  to  be  furpriflngly  great ; and 
yet  we  are  far  from  knowing  the  utmod  dilatation 
of  which  it  Is  capable.  In  feveral  experiments  made 
by  Mr.  Boyle,  it  expanded  flrd  into  9 times  its  former 
fpace;  then  into  31  times;  then  into  60,  and  then  into 
*50  times.  Afterv/ards,  it  was  brought  to  dilate  into 


8000  limes  its  fird  fpace;  then  Into  10000,  and  at  lad 
even  into  13679  times  its  fpace  ; and  this  folely  by  its 
own  natural  expanfive  force,  by  only  removing  the  pref- 
fure,  but  without  the  help  of  fire.-  And  on  this  prin- 
ciple depends  the  condruftion  and  ufe  of  the  Mano- 
meter. 

The  eladicity  of  the  air,  under  one  and  the  fame 
preffure,  is  dill  farther  increafed  by  heat,  and  diminifli- 
ed  by  cold,  and  that,  by  fome  late  accurate  experiments 
made  by  Sir  George  Shuckburgh,  at  the  rate  of  the 
440th  part  of  its  volume  nearly,  for  each  degree  of  the 
variation  of  heat,  from  that  of  temperate,  in  Fah- 
renheit’s thermometer. 

Mr.  Haukfbee  obferved  that  a portion  of  air  in- 
clofed  in  a glafs  tube,  when  the  temperature  was  at  the 
freezing  point,  formed  a volume  which  was  to  that  of 
the  fame  quantity  of  air  in  the  greated  heat  of  fummer 
here  in  England,  as  6 to  7.  And  It  has  been  found  by 
feveral  experiments,  that  air  is  expanded  j of  its  na- 
tural bulk  by  applying  the  heat  of  boiling  water 
to  it. 

Dr.  Hales  found  that  the  air  In  a retort,  when  the 
bottom  of  the  veflel  jud  became  red  hot,  was  dilated 
into  twice  its  former  fpace  ; and  that  in  a white,  or 
almod  melting  heat,  it  filled  thrice  Its  former  fpace  ; 
but  Mr.  Robins  found  that  air  was  expanded,  by  means 
of  the  white  or  fudng  heat  of  Iron,  to  4 times  its  former 
bulk. 

See  feveral  ingenious  experiments  on  the  eladicity  of 
the  air,  In  the  Philof.  Tranf.  for  the  year  1777,  by  Sir 
George  Shuckburgh  and  Colonel  Roy. 

This  properly  explains  the  common  effefl  obferved 
on  bringing  a clofe  flaccid  bladder  near  the  fire  to 
warm  It ; when  it  is  prefently  found  to  fwell  as  if  more 
air  were  blown  into  it.  And  upon  this  principle  de- 
pends the  drudliire  and  office  of  the  thermometer ; as 
alfo  the  air  balloons,  lately  invented  by  Mr.  Montgol- 
fier, for  floating  in  the  atmofphere. 

M.  Amontons  fird  difeovered  that,  with  the  fame  de- 
gree of  heat,  ail  vdll  expand  in  a degree  proportioned 
to  its  denfity.  And  on  this  foundation  the  ingenious 
author  has  formed  a difeourfe,  to  prove  “ that  the 
fpring  and  weight  of  the  air,  with  a moderate  degree 
of  warmth,  may  enable  it  to  produce  even  earthquakes, 
and  others  of  the  moll  vehement  commotions  of  na- 
ture.” He  computes  that  at  the  depth  of  the  74th 
part  of  the  earth’s  radius  below  the  furface,  the  natu- 
ral preffure  of  the  air  would  reduce  to  the  denfity  of 
gold  ; and  thence  infers  that  all  matter  below  that 
depth.  Is  probably  heavier  than  the  heavied  metal  that 
we  know  of.  And  hence  again,  as  it  is  proved  that  the 
more  the  air  is  comprelfed,  the  more  does  the  fame  de- 
gree of  fire  increafe  the  force  of  Its  elallicity ; we  m.ty 
infer  that  a degree  of  heat,  which  in  our  orb  can  pro- 
duce only  a moderate  effedl,  may  have  a very  violent 
one  in  fiich  lower  orb  ; and  that,  as  there  are  many  de- 
grees of  heat  in  nature,  beyond  that  of  boiling  water, 
it  Is  probable  there  may  be  fome  whofe  violence,  thus 
affided  by  the  weight  of  the  air,  may  be  fufficiently 
powerful  to  tear  afunder  the  folid  globe.  Mem.  de 
I’Acad.  1703. 

Many  philofophers  have  fuppofed  that  the  eladic 
property  of  the  air  depends  on  the  figure  of  Its  cor- 
pufcles,  which  they  take  to  be  ramous ; fome  maintain 
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that  they  are  fo  many  minute  jloccult^  refembling  fleeces 
of  wool : others  conceive  them  rolled  up  like  hoops, 
and  curled  like  wires,  or  Savings  of  wood,  or  coiled 
like  the  fprings  of  watches,  and  endeavouring  to  expand 
themfelves  by  virtue  of  their  texture. 

But  Sir  Ifaac  Newton  (Optics,  Qu.  31,  &c.)  ex- 
plains the  matter  in  a different  way  ; fuch  a contexture 
of  parts  he  thinks  by  no  means  fufficient  to  account 
for  that  amazing  power  of  elafticity  obferved  in  air, 
which  is  capable  of  dilating  itfelf  into  above  a million 
of  times  more  fpace  than  it  occupied  before  : but,  he 
obferves,  as  it  is  known  that  all  bodies  have  an  attractive 
and  a repelling  power ; and  as  both  thefe  are  Itronger 
in  bodies,  the  denfer,  more  compaCf,  and  folid  they  are  ; 
hence  it  follows  that  when,  by  heat,  or  any  other  pow^- 
erful  agent,  the  attraCfive  force  is  overcome,  and  the 
particles  of  the  body  feparated  fo  far  as  to  be  out  of 
the  fphere  of  attradion  ; the  repelling  power,  then 
commencing,  makes  them  recede  from  each  other  with 
a flrono-  force,  proportionable  to  that  with  which  they 
before  cohered  ; and  thus  they  become  permanent  air.^ 

And  hence,  he  fays,  it  is,  that  as  the  particles  of  air 
are  groffer,  and  rife  from  denfer  bodies,  than  thofe  of 
tranlient  air,  or  vapour,  true  air  is  more  ponderous 
than  vapour,  and  a moiil  atmofphere  lighter  than  a dry 
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And  M.  Amontons  makes  the  elaiticity  ot  air  to 
arife  from  the  fire  it  contains  ; fo  that  by  augmenting 
the  degree  of  heat,  the  rarefadion  will  be  increafed  to 
a far  greater  degree  than  by  a mere  fpontaneous  dilata- 
tion. 

The  elallic  power  of  the  air  becomes  the  fecond 
great  fource  of  the  remarkable  effefts  of  this  irnportant 
fluid.  By  this  property  it  infimiates  itfelf  into  the 
pores  of  bodies,  where,  by  means  of  this  virtue  of  ex- 
panding, which  is  fo  eafily  excited,  it  mull:  put  the  par- 
ticles of  thofe  bodies  into  perpetual  vibrations,  and  main- 
tain a continual  motion  of  dilatation  and  contraClion 
in  all  bodies,  by  the  inceffant  changes  in  its  gravity 
and  denfity,  and  confequently  its  elallicity  and  expan- 
fion. 

This  reciprocation  is  cbfcrvable  in  feveral  inftances, 
paiticularly  in  plants,  in  which  the  tracheae  or  air-vcflels 
perform  the  office  of  lungs  ; for  as  ihe  heat  increafes 
or  diminiflies,  the  air  alternately  dilates  and  contrafts, 
and  fo  by  turns  comprefl'es  the  veflels,  and  eafes  them 
again;  thus  promoting  a circulation  of  their  juices. 
And  hence  it  is  found  that  no  vegetation  or  germina- 
tion is  carried, on  in  vacuo. 

It  is-  from  the  fame  caufe  too,  that  ice  is  burft  by  the 
continual  adfion  of  the  air  contained  in  its  bubbles. 
Thus,  too,  glafl'es  and  other  vefiels  are  frequently  crack- 
ed, when  their  contained  liquors  are  frozen  ; and  thus 
alfo  large  blocks  of  ftone,  and  entire  columns  of  mar- 
ble, fometimes  fplit  in  the  winter  feafon,  from  fome 
little  bubble  of  included  air  acquiring  an  increafed 
clailicity  : and  for  the  fame  reafon  it  is  that  fo  few 
floues  will  bear  to  be  heated  by  a fire,  without  cracking 
into  many  pieces,  by  the  increafed  expanfive  force  of 
fonie  air  conflned  within  their  pores.  From  the  fame 
fourcc  arife  alfo  all  putrefadlion  and  fermentation  ; 
neither  of  which  can  be  carried  on  in  vacuo,  even  in 
the  bell  dlfpofed  fubjedls.  And  even  refplvation,  and 
animal  life  itfelf,  are  fuppofed,  by  many  authors,  to  be 
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condiidfed,  in  a great  meafure,  by  the  fame  principle 
of  the  air.  And  as  we  find  fuch  great  quantities  of 
air  generated  by  the  folution  of  animal  and  vegetable 
fubttances,  a good  deal  mull  conftantly  be  ralfed  from 
the  diffiolution  of  thefe  elements  in  the  ftomach  and 
bowels. 

In  fadl,  all  natural  corruption  and  alteration  feem 
to  depend  on  air  ; and  even  metals,  particularly  gold, 
only  feem  to  be  durable  and  incorruptible,  in  fo  far  as 
they  are  Impervious  to  air. 

As  to  the  different  kinds  of  air,  with  Its^  generation, 
and  the  effects  of  different  ingredients  of  it,  &c,  they 
are  omitted  here,  as  propeily  belonging  to  a Chemical 
Di6lIonary,  or  to  a General  Didlionary  of  Arts,  &c. 

For  the  refiflance  of  the  air,  fee  Resistance. 

Air-Gun,  In  Pneumatics,  Isa  machine  for  pro- 
pelling bullets  with  great  violence,  by  the  foie  means 
of  condenfed  air. 

The  firll  account  we  meet  with  of  an  air-gun,  is  in 
the  JEldinetis  j^vtiUerie  of  David  Rivaut,  who  was  pre- 
ceptor to  Louis  XIII.  of  France,  Fie  afenbes  the 
invention  to  one  Marin,  a burgher  of  Lifieux,  who 
prefented  one  to  Pleniy  IV. 

To  conilrudl:  a machine  of  this  kind,  it  is  only  ne- 
ceffary  to  take  a fbrong  veffel  qf  any  fort,  into  which 
the  air  is  to  be  thrown  or  condenfed  by  means  of  a 
fyringe,  or  otherwlfe,  the  more  the  better ; then  a 
valve  is  fuddenly  opened,  which  lets  the  air  efcape  by 
a fmall  tube  In  which  a bullet  is  placed,  and  which  is 
thus  violently  forced  out  before  the  air. 

It  Is  evident  then  that  the  effect  Is  produced  by 
virtue  of  the  elaflic  property  of  the  air  ; the  force  of 
which,  as  has  been  ffiewn  in  the  hill  article,  is  dire£l:ly 
proportional  to  its  condenfation  ; and  therefore  the 
greater  quantity  that  can  be  forced  into  the  eiiglne,  the 
greater  will  be  the  effeCl.  Now  this  efleift  will  be  ex- 
aftly  fimilar  to  that  of  a gun  charged  with  powder, 
and  therefore  we  can  eafily  form  a comparifon  between' 
them:  for  Inflamed  gun-powder  is  nothing  more  than 
very  condenred  ehfliic  air  ; fo  tliat  the  two  forces  are 
exadlly  fimilar.  Now  It  is  ffiewn  by  Mr.  Robins,  In 
his  New  I’rinciples  of  Gunnery,  that  the  fluid  of  in-^ 
flamed  gun-powdei',  lias,  at  the  tirlt  moment,  a force  ot 
elaillcity  equal  to  about  a 1030  times  that  of  common 
air  ; and  therefore  it  is  neceflary  that  air  fliould 
be  condenfed  a 1000  times  more  than  In  its  natural 
ilate,  to  produce  the  fame  (fffid  as  gun-powder. 
But  tlien  it  is  to  be  conlidered,  that  the  vtdqcities  with 
which  equal  balls  are  impelled,  are  diredlly  propor- 
tional to  tiie  fqiiare  roots  of  the  forces  ; fo  that  if  the 
air  in  an  aiv-gnu  be  condenii.d  only  lo  tunes,  then  the 
velocity  it  will  projeSl  ca  ball  with,  will  be,  by  that  rule, 
dbth  of  that  ariling  from  gun-powder  ; and  if  the  air 
were  condenfed  20  times.  It  would  communicate  a ve- 
locity of  of  that  of  gun-powder.  But  In  reality  the 
air-gun  (hoots  Its  ball  with  a much  greater  proportion 
of  velocity  than  as  above,  and  for  this  reafon,  namely, 
that  as  the  refervoir,  or  magazine  of  condenfed  air,  is 
commonly  very  large  in  proportion  to  the  tube  which 
contains  the  ball,  its  dcnlity  is  very  little  altered  by  ex- 
panding through  that  narrow  tube,  and  confequently 
the  ball  is  urged  all  the  way  by  nearly  the  fame  uniform 
force  as  at  the  firft  inllant  ; whereas  the  elaflic  fluid 
ariling  from  inflamed  gun-powder  is  but  very  fmall  in 
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proportion  ta  the  tube  or  barrel  of  the  gunj  occupying 
at  lii  lt  indeed  but  a very  fmall  portion  of  it  next  the 
but-end  ; an  d-therefore  by  dilating  into  a comparatively 
large  Ipace,  as  it  urges  the  ball  along  the  barrel,  its 
dadic  force  is  proportionally  Vv^eakened,  and  it  a6ls 
always  lefs  and  lels  on  the  ball  in  the  tube.  From 
which  caufe  it  liappens,  that  air  condenfed  into  a good 
large  machine  only  lo  times,  will  fhcot  its  ball  with  a 
velocity  but  little  inferior  to  that  given  by  the  gun- 
powder. And  if  the  valve  of  communication  be  fud- 
denly  flint  againby  a f[)ring,  after  opening  it  to  let  fume 
air  efcape,  then  the  fame  colleClion  of  it  may  ferve  to 
impel  many  balls,  one  after  another. 

In  all  Cedes  in  which  a confiderable  force  Is  required, 
and’conrequently  a great  condenfatlon  of  air,  it  will  be 
requiliteto  liave  tlie  condenhng  fyringe  of  a fmall  bore, 
perhaps  not  iiioie  than  half  an  Inch  in  diameter  : other- 
wife  the  force  to  produce  the  compreifion  will  becoir.e 
lo  great,  that  the  operator  cannot  work  the  machine; 
for,  as  the  pvefrure  againfl  every  fquare  Inch  Is  about 
15  pounds,  and  a'gaiull  every  circular  inch  about  12 
pounds,  if  the  fyringe  be  one  inch  in  diameter,  when 
one  atinoCphere  is  injedfed,  there  will  be  a refiflance  of 
12  pounds  againfl  the  pillon  ; when  2,  of  24  pounds  ; 
and  when  10  are  injedled,  there  will  be  a force  of  120 
pounds  to  overcome  ; whereas  10  atmofpheres  adl 
againil  the  half-inch  pillon,  whofe  area  is  but  j of  the 
former,  with  ^ of  the  force  only,  namely,  30  pounds  ; 
and  40  atmofpheres  may  be  injected  wdth  fuch  a fyringe, 
as  well  as  ten  with  the  larger. 

There  are  air-guns  of  various  conflrudtions  ; an  eafy 
and  portable  one  is  reprefented  inPlatelljfig.  i.whichlsa 
fedlion  lengthways  through  the  axis,  to  fhew  the  infide. 
It  is  made  ofbrafs,  and  has  two  barrels  ; the  inner  barrel 
D A of  a fmall  bore,  from  which  the  bullets  are 
fliot ; and  a larger  barrel  E S C D R,  on  the  outllde  of 
it.  In  the  {lock  of  the  gun  there  is  a fyringe  M N P S, 
whofe  rod  M draws  out  to  take  in  air  ; and  by  pufhing 
it  in  again,  the  pifton  S N drives  the  air  before  it, 
through  the  valve  P E into  the  cavity  between  the  two 
barrels.  The  ball  K is  put  down  into  its  place  in  the 
fmall  barrel,  with  the  rammer,  as  in  another  gun. 
There  is  another  valve  at  S L,  which,  being  opened  by 
the  trigger  O,  permits  the  air  to  come  behind  the  ball, 
fo  as  to  drive  it  out  with  great  force.  If  this  valve  be 
opened  and  fhut  fuddenly,  one  charge  of  condenfed  air 
may  make  feveral  difeharges  of  bullets  ; becaufe  only 
part  of  the  injefted  air  will  then  go  out  at  a time,  and 
another  bullet  may  be  put  into  the  place  K : but  If 
the  whole  air  be  difeharged  on  a fingle  bullet,  it  will 
impel  it  more  forcibly.  This  difeharge  is  effefted  by 
means  of  a lock  (fig.  2)  when  fixed  to  Its  place  as 
iifual  in  other  guns ; for  the  trigger  being  pulled,  the 
cock  will  go  down  and  drive  a lever  which  opens  the  valve. 

Dr.  Macbride  (Exper.  Eff.  p.  81)  mentions  an  im- 
provement of  the  air-gun,  made  by  Dr.  Ellis;  in  which 
the  chamber  for  containing  the  condenfed  air  is  not 
in  the  flock,  which  renders  the  machine  heavy  and 
imweildy,  but  has  five  or  fix  hollow  fpheres  belonging 
to  it,  of  about  3 inches  diameter,  fitted  to  a ferew  on 
the  lock  of  the  gun.  Thcfe  fpheres  are  contrived  with 
valves,  to  confine  the  air  which  is  forced  into  their 
cavities,  fo  that  a fervant  may  carry  them  ready 
charged  with  condenfed  air ; and  thus  the  gun  of  this 
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con{lru£lion  is  rendered  as  light  and  portable  as  one  of 
tlie  fmalleft  fowling.pleces. 

Fig.  3 reprefents  one  made  by  the  late  Mr.  B, 
Martin  of  London,  and  now  by  feveral  of  the  mathe- 
matical inftruraent  and  gun-makers  of  the  metropolis  ; 
which,  for  fimpllcity  and  peidedtion,  perhaps  exceeds 
any  other  that  has  been  contrived.  A is  the  gim-bar- 
rtl,  of  the  fize  and  weight  of  a common  fowling-piece, 
with  the  lock,  flock,  and  railiiod.  Under  the  lock,  at 

Is  a round  fceehtube,  having  a fmall  moveable  pin  in 
the  infide,  which  Is  piiflied  out  when  the  trigger  a is 
pulled,  by  the  fpiingwork  within  the  lock  ; to  this 
tube  is  ferewed  a hollow  copper  ball,  perfectly  air- 
tight. This  copper  ball  is  fully  charged  with  con- 
denfed air  by  means  of  a fyringe,  previous  to  its  being 
applied  t6  the  tube  Hence,  If  a bullet  be  rammed 
down  in  the  barrel,  the  copper  ball  ferewed  fall  at 
and  the  trigger  a be  pulled  ; then  the  pin  in  I'  will 
forcibly  pufli  open  a valve  within  the  copper  ball,  and 
let  out  a portion  of  the  condenfed  air  ; which  air  will 
riifh  up  through  tire  aperture  of  the  lock,  and  forcibly 
a6l  againil  the  bullet,  driving  it  to  the  diflance  of  60 
or  70  yards,  or  farther.  If  the  air  be  flrongly  con- 
denfed at  every  difeharge,  only  a portion  of  the  air 
efcapes  from  the  ball ; therefore,  by  re-cocking  the 
piece,  another  difeharge  may  be  made  ; and  this 
repeated  15  or  16  times.  An  additional  barrel  is 
fometimes  made,  and  applied  for  the  difeharge  of  fliot, 
inflead  of  the  ball  above  deferibed. 

Sometimes  the  fyringe  is  applied  to  the  end  of  the 
barrel  C (fig.  4)  ; the  lock  and  trigger  fhut  up  in  a brafs 
cafe  J ; and  the  trigger  pulled,  or.  the  difeharge  made, 
by  pulling  the  chain  b.  In  this  contrivance  there  is  a 
round  chamber  for  the  condenfed  air  at  the  end  of  the 
fpring  at  <?,  and  it  has  a valve  adling  in  a fimilar  memner 
to  that  of  the  copper  ball.  When  this  inflrument  is 
not  in  ufe,  the  brafs  cafe  cl  is  made  to  Aide  off,  and  the' 
inflrument  then  becomes  a walking  flick  : from  which 
circumflance,  and  the  barrel  being  made  of  cane,  or 
brafs,  &c,  it  has  been  called  the  Air-cane*  The  head 
of  the  cane  unferews  and  takes  off  at  where  the  ex- 
tremity of  the  piflon-rod  In  the  barrel  is  fhewn.  An 
iron  rod  is  placed  in  a ring  at  the  end  of  this,  and 
the  air  Is  condenfed  in  the  barrel  in  a mariner  fimilar  to 
that  of  the  gun  as  above  ; but  its  force  and  action  is 
not  near  fo  flrong  as  in  the  gun. 

Magazine  A.iK-Giin.  This  is  an  improvement  of 
the  common  air-gun,  made  by  an  ingenious  artifl,  called 
L.  Colbe.  By  his  contrivance,  ten  bullets  are  fo  lodged 
in  a cavity,  near  the  place  of  difeharge,  that  they  may 
be  fucceffively  drawn  into  the  barrel,  and  fhot  fo  quickly 
as  to  be  nearly  of  the  fame  ufe  as  fo  many  different 
guns  ; the  only  motion  required,  after  the  air  has  been 
injected,  being  that  of  fliutting  and  opening  the  ham- 
mer, and  cocking  and  pulling  the  trigger.  Fig.  3 is  a 
longitudinal  feftion  of  this  gun,  as  large  in  every  part 
as  the  gun  itfelf ; and  as  much  of  its  length  is  fliewn 
as  is  peculiar  to  this  conflru6lion  ; the  refl  of  it  being 
like  the  ordinary  air-gun.  E E is  part  of  the  flock  ; 
G is  the  end  of  the  inje6ling  fyringe,  with  Its  valve  H, 
opening  into  the  cavity  F F F F between  the  barrelt. 
K K is  the  fmall  or  fliooting  barrel,  which  receives  the 
bullets,  one  at  a time,  from  the  magazine  D E,  being  a 
ferpentine  cavity,  in  which  the  bullets  bj  &c,  are 
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lodged,  and  clofed  at  the  end  D ; from  whence,  by  one 
motion  of  the  hammer,  they  are  brought  into  the  bar- 
rel at  I,  and  thence  are  fhot  out  by  the  opening  of  the 
valve  V,  which  lets  in  the  condenfed  air  from  the  cavity 
F F F into  the  channel  V K I,  and  fo  along  the  inner 
barrel  K K K,  whence  the  bullet  is  difeharged.  j-  I j i 
is  the  key  of  a cock,  having  a hole  through  it ; 
which  hole,  in  the  prefent  iituatlon,  mikes  part  of  the 
barrel  K K,  being  juft  of  the  fame  bore  : fo  that  the 
air,  which  is  let  in  at  every  opening  of  the  valve  V, 
comes  behind  this  cock,  and  taking  the  ball  out  of  it, 
carries  it  forward,  and  fo  out  of  the  mouth  of  the 
piece. 

To  bring  in  another  bullet  to  fucceed  I,  which  is 
done  in  an  inftant,  bring  the  cylindrical  cavity  of  the 
key  of  the  cock,  which  made  part  of  the  barrel  K K K , 
into  the  lituation  i l\  fo  that  the  part  1 may  be  at  K ; 
then  turning  the  gun  upfide-down,  one  bullet  next  the 
cock  will  fall  Into  it  out  of  the  magazine,  but  will  go 
no  farther  into  this  cylindrical  cavity,  than  the  two 
little  pieces  ss  will  permit  it;  by  which  means  only 
- one  bullet  at  a time  will  be  taken  in  to  the  place  I,  to 
be  difeharged  again  as  before. 

A more  particular  defeription  of  the  feveral  parts 
may  be  feen  in  Defaguliers’  Fxper.  Philof,  vol.  li.  pa. 
399  etfeq. 

Air-Pump,  in  Pneumatics^  is  a machine  for  ex- 
haufting  the  air  out  of  a proper  veftel,  and  fo  to  make 
what  is  commonly  called  a vacuum  ; though  in  reality 
the  air  in  the  receiver  is  only  rarefied  to  a great  degree, 
fo  as  to  take  off  the  ordinary  effedls  of  the  atmofphere. 
8o  that  by  this  machine  we  learn,  in  feme  meafure, 
what  our  earth  would  ‘ be  without  air  ; and  how 
much  all  vital,  generative,  nutritive,  and  alterative 
powers  depend  upon  it. 

The  principle  on  which  the  air-pump  is  conftrufled, 
is  the  fpring  or  elafticity  of  the  air  ; as  that  on  which 
the  common,  or  water  pump  is  formed,  is  the  gravity 
of  the  fame  air  : the  one  gradually  exhaufting  the  air 
from  a veftel  by  means  of  a pifton,  with  a proper  valve, 
working  in  a cylindrical  bairel  or  tube;  and  the  other 
exhaufting  water  in  a fimilar  manner. 

The  air-pump  has  proved  one  of  the  principal 
means  of  performing  philofophical  difeoveries,  that  has 
been  invented  by  the  moderns.  The  idea  of  fuch  a 
machine  occurred  to  feveral  perfons,  nearly  aboftt  the 
fame  time.  But  the  firft  it  feems  was  completed  by 
Otto  Guericke,  the  celebrated  conful  of  Magdeburg, 
who  exhibited  his  firft  public  experiments  with  it,  be- 
fore the  emperor  and  the  ftates  of  Germany,  at  the 
breaking  up  of  the  imperial  diet  at  Ratifhon,  In  the 
year  1654.  But  it  was  not  till  the  year  1672  that 
Guericke  publiftied  a defeription  of  the  inftrument, 
with  an  account  of  his  experiments,  in  his  Experimenta 
Nova  Magdeburgica  de  Vacuo  Spacia  : though  an  ac- 
count of  them  had  been  publiflied  by  Schottus  in  1657, 
in  his  Mechanica  Hydraulico  Pneumatica. 

Dr.  Hook  and  M.  Duhamel  afcribe  the  invention  of 
the  air-pump  to  Mr.  Boyle.  But  that  great  man  frank- 
ly confelfes  that  Guericke  was  beforehand  with  him  In 
the  execution.  Some  attempts,  he  aftures  us,  he  had 
indeed  made  upon  the  fame  foundation,  before  he  knew 
any  thing  of  what  had  been  done  abroad  : but  the  in- 
formation he  afterwards  received  from  the  account  sfiven 
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by  Schottus,  enabled  him,  with  the  afiiftance  of  Dr. 
Hook,  after  two  or  three  unfuccefsful  trials,  to  bring 
his  defign  to  maturity.  The  produdl  of  their  labours 
was  a new  air-pump,  much  more  eafy,  convenient,  and 
manageable,  than  the  German  one.  And  hence,  or 
rather  from  the  great  variety  of  experiments  to  which- 
this  Illuftrious  author  applied  the  machine,  it  was  after  -^ 
wards  called  Machina  Boylianay  and  the  vacuum  pro- 
duced by  it.  Vacuum  Boyllanum. 

Strudiire  of  the  Air-Pump.  Moft  of  the  air-pumps- 
that  were  firft  made,  confifted  of  only  one  barrel,  or 
hollow  cylinder  of  brafs,  with  a valve  at  the  bottom, 
opening  inwards  ; and  a moveable  embolus  or  pifton, 
having  likewife  a valve  opening  upwards,  and  fo  ex- 
adlly  fitted  to  the  barrel,  that  when  it  is  drawn  up 
from  the  bottom,  by  means  of  an  indented  iron  rod  or 
rack,  and  a handle  turning  a fmall  indented  wheel, 
playing  In  the  teeth  of  that  lod,  all  the  air  will  be 
drawn  up  from  the  cavity  of  the  barrel  ; there  is  alio 
a fmall  pipe  opening  Into  the  bottom  of  the  barrel,  by 
means  of  which  it  communicates  with  any  proper 
veftel  to  be  exhaufted  of  air,  which  is  called  a receiver, 
from  its  office  in  receiving  the  fubjedts  upon  which  ex- 
periments are  to  be  made  in  vacuo : the  whole  being 
fixed  In  a convenient  frame  of  wood-work,  where  the 
end  of  the  pipe  turns  up  Into  a horizontal  plate,  upon 
which  the  receiver  is  placed,  juft  over  that  end  of  the 
pipe. 

The  other  parts  of  the  machine,  being  only  acci- 
dental circumftances,  chiefly  refpc'dhing  conveniency, 
have  been  dlverfified  and  Improved  from  time  to  time, 
according  to  the  addrefs  and  feveral  views  of  the 
makers.  That  of  Otto  Guericke  was  very  rude  and 
inconvenient,  requiring  the  labour  of  two  ftvong  men, 
for  more  than  two  hours,  to  extradt  the  air  from  a glafs, 
which  was  alfo  placed  under  water  ; and  yet  allowed  of 
no  change  of  fubjedts  for  experiments. 

Mr.  Boyle,  from  time  to  time,  removed  feveral  of 
tliefe  inconveniences,  and  leftened  others  : but  ftill  the 
working  of  his  pump,  which  had  but  one  barrel,  was 
laborious,  by  reafon  of  the  prefture  of  the  atmofphere, 
a great  part  of  which  was  to  be  removed  at  every  lift 
of  tlie  pifton,  when  the  txhauftion  was  nearly  com- 
pleted. Various  improvements  were  fuccelfively  made 
in  the  machine  by  the  philofophers  about  th.at  time,, 
and  foon  after,  who  cultivated  this  new  and  important 
branch  of  pneumatics  ; as  Papin,  Mcrfcnne,  Mariotte, 
and  others  ; but  ftill  they  laboured  under  a difficulty  of 
working  them,  from  the  circumftance  of  the  fingle 
barrel,  till  Papin,  in  his  farther  improvements  of  the 
air-pump,  removed  that  inconvenience,  by  the  ufe  of  a 
fecond  barrel  and  pillon,  contrived  to  rife,  as  the  other 
fell,  and  to  fall  as  that  rofe  ; by  which,  and  the  great^ 
improvements  made  by  IMr.  Elaukfbee,  tlie  preffure  of 
the  atmolphere  on  the  defcendlng  pifton,  always  nearly 
balanced  that  of  the  afeending  one  ; fo  that  the  winch,, 
which  worked  them  up  and  down,  was  eafily  moved  by 
a very  gentle  force  with  one  hand  : and  befidcs,  the 
exhauftion  was  hereby  made  in  lef>  than  half  the  time. 

Some  of  the  Germans,  and  others  likewife,  made 
improvements  in  the  air-pump,  and  contrived  it  to 
perform  the  counter  office  of  a condenfer,  in  order  to 
examine  the  properties  of  the  air  depending  on  its  con.f- 
denfatJon. 

Mr.. 
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JMr.  Bo}’le  contrived  a mercurial  gauge  or  Index  to  the 
air-pump,  v^diich  is  defcribed  in  his  hrft  and  fecond 
Phylico-Meclianlcal  Continuations,  for  meafuring  the 
degrees  of  the  alr^s  rarefadlion  in  the  receiver.  This 
gauge  is  fimilar  to  the  barometer,  being  a long  glafs 
tube,  having  its  lower  end  immerfed  in  an  open  bafon 
of  quickiilver,  but  its  other  end,  which  wag  open  alfo, 
cointruinicating  with  the  receiver  ; which  being  ex- 
hauded,  this  tube  is  equally  exhaufled  of  air  at  the 
fame  tune,  and  the  external  air  prefies  the  quickfilver 
up  into  the  tube,  to  a height  proportioned  to  the  degree 
of  exhaudion.  , 

Mr.  V ream,  an  ingenious  pneumatic  operator,  made 
an  improvement  in  Haukfbee's  air-pump,  by  reducing 
the  alternate  up-and-down  motion  of  the  hand  and 
winch  to  a circular  one.  In  his  method,  the  w'inch  is 
turned  quite  round,  and  yet  the  pidons  are  alternately 
railed  and  depreffed  : by  which  the  trouble  of  (liifting 
the  hand  backwards  and  forwards,  as  well  as  the  lofs 
of  time,  and  the  lhaking  of  the  pump,  are  prevented. 

The  air-pump,  thus  improved,  is  reprefented  In  plate 
III.  hg.  I ; v/here  0 0 is  the  receiver  to  he  exhauided, 
ground  truly  level  at  the  bottom,  fet  over  a hole  in  the 
plate,  from  which  defeends  the  bent  pipe  h h to  the 
cirtern  r/r/,  with  which  the  two  barrels  a a communicate, 
in  which  the  pidons  are  worked  by  a toothed  wheel, 
by  turning  the  handle  h h \ by  which  the  racks  rr, 
With  the  pidons,  are  worked  alternately  up  and  down, 
//is  the  gauge  tube,  immerfed  in  a bafon  of  quickiilver 
m at  bottom,  and  cqmmunicating  with  the  receiver  at 
top  ; from  which  however  it  may  be  occafionally.dif- 
engaged,  by  turning  a cock.  And  n is  another  cock, 
by  turning  of  wdiich,  the  air  is  again  let  in  to  the  ex- 
haufted  receiver ; into  which  it  is  heard  to  rulh  with  a 
confiderable  biffing  noife. 

Notwithdanding  the  great  excellency  of  Mr.  Hauk- 
fbee’s  air-pump,  it  was  dill  fubjedl  to  inconveniences, 
from  which  It  was  in  a great  meafure  relieved  by  feme 
contrivances  of  Mr.  Smeaton,  which  are  defcribed  at 
large  in  the  Philo f.  Tranf.  for  the  year  1752.  The 
principal  improvements  fuggefted  by  Mr.  Smeaton,  re- 
late to  the  gauge,  the  valves  of  the  pidon,  and  the 
pidon  going  clofer  down  to  the  bottom  of  the  barrel  ; 
for  his  pump  has  only  one.  By  the  lad  of  thefe,  the 
air  was  extraded  more  perfedly  at  each  droke.  By 
the  fecond,  he  remedied  an  inconvenience  arifing  from 
the  valve  hole  of  the  pidon  being  too  wide  properly  to 
fupport  the  bladder  valve  which  covered  it  : indead  of 
the  ufual  circular  oriiice,  Mr.  Smeaton  perforated  the 
pidon  with  feven  frnall  and  equal  hexagonal  holes,  one 
in  the  centre,  and  the  other  fix  around,  forming  toge- 
ther the  appearance  of  a tranfverfe  fedion  of  a honey- 
comb ; the  bars  or  divifions  between  which,  ferved  to 
fupport  the  predure  of  the  air  on  the  valve  His  gage 
confids  of  a bulb  of  glafs,  of  a pear  like  fliape,  and 
capable  of  holding  about  half  a pound  of  quickfilvcr  : 
it  is  open  at  the  lower  end,  the  other  terminating  in 
a tube  iiermetically  fealed  : and  it  has  annexed  to  it  a 
fcale,  divided  into  parts  of  about  of  an  inch,  and 
anfwering  to  the  iccoth  part  of  the  whole  capacity. 
During  the  exhaudion  'of  the  receiver,  the  gage  .is 
fufpended  in  it  by  a wire  ; but  when  the  pump  has  been 
worked  as  much  as  necdlary,  the  gage  is  pufhed  down, 
till  the  open  end  be  immerfed  in  a bafon  of  quickfilvcr 


placed  underneath.  The  air  is  then  let  Into  the  receiver 
again,  and  the  quickfilvcr  driven  by  it  from  the  bafon, 
up  into  the  gauge,  till  the  air  remaining  in  it  become 
of  the  fame  denfity  as  the  air  without  ; and  as  the  air 
always  takes  the  highed  place,  the  tube  being  upper- 
mod,  the  expanfion  will  be  determined  by  the  number 
of  divifions  occupied  by  the  air  at  the  top.  This  air- 
pump  is  made  to  a6l  alfo  as  a condenfing  engine,  as 
fome  German  machines  had  done  before,  by  the  very 
fimple  apparatus  of  turning  a cock. 

By  means  of  this  gauge,  Mr.  Smeaton  judged  that 
his  machine  Vvas  incomparably  better  than  any  former 
ones,  as  it  feerned  to  rarefy  the  air  in  the  receiver  1000, 
or  even  2000  times,  while  the  bed  of  the  former  con- 
drudllon  only  rarefied  about  140  times:  and  fo  the 
cafe  has  fince  been  always  undeudood,  an  implicit  con- 
fidence being  placed  in  Mr.  Smeaton’s  accuracy,  till 
the  fallacy  was  accidentally  dete6ted  In  the  manner  re- 
lated at  large  by  Mr.  Nairne  in  the  Philof.  Tranf.  for 
the  year  i'/'77.  This  accurate  and  ingenious  artid 
wanting  to  make  trial  of  Mr.  Smeaton’s  pear-gauge, 
executed  an  air-pump  of  his  improved  condru6fion,  in 
-the  bed  manner  poffible;  which,  in  various  experiments 
made  with  it,  appeared,  by  the  pear-gauge,  to  rarefy 
the  air  to  an  amazing  degree  indeed,  being  at  times 
from  4000  to  looco,  or  500CO,  or  even  locooo  times 
rarefied.  But  upon  meafuring  the  fame  expanfion  by 
the  ufual  long  and  fiiort  tube  gauges,  which  both  ac- 
curately agreed  together,  he  found  that  thefe  never 
fhewed  a rarefadlion  of  more  thffii  600  times  : widely 
different  from  the  fame  as  meafured  by  the  pear  or  in- 
ternal  gauge,  by  experiments  often  repeated.  ‘ Finding, 
fays  Mr.  Nairne,  dill  this  difagreement  between  the 
pear-gauge  and  the  other  gauges,  I tried  a variety  of 
experiments  ; but  none  of  them  appeared  to  me  fatis- 
fai^ory,  till  one  day  in  April  1776,  fiiewing  an  experi- 
ment with  one  of  thefe  pumps  to  the  honourable  Henry 
Cavendifi".,  Mr.  Smeaton,  and  feveral  other  gentlemen 
of  the  Royal  Society,  wffien  the  two  gauges  differed 
fome  thoufand  times  from  one  another,  Mr.  Cavendiih 
accounted  for  it  in  the  follovvfing  manner.  “ It  ap- 
peared, he  faid,  from  fome  experiments  of  his  father's, 
Lord  Cavendifb,  that  water,  vyhenever  the  preffure  of 
the  atmofphere  on  it  is  diminiffied  to  a certain  degree, 
is  immediately  turned  into  vapour,  and  is  as  immediately 
turned  back  again  into  water  on  relloring  the  preffure. 
This  degree  of  preffure  is  different  according  to  the 
heat  of  the  water  : when  tlie  heat  is  72^^  of  Fahren- 
heit’s fcaJe,  it  turns  into  vapour  as  foonas  the  preffure  is 
no  greater  than  that  of  three  quarters  of  an  Inch  of 
quickfilver,  or  about  J-40th  of  the  ufual  preffure  of 
the  atmofpliere  ; but  when  tbe  heat  is  only  41°,  the 
preffure  muft  be  reduced  to  that  t)f  a quaiter  of  an  inch 
of  quickfilver  before  the  water  turns  into  vapour.  It 
is  true,  that  water  expoftd  to  the  open  air,  wdil  evapo- 
rate at  any  heat,  and  with  any  pteffure  of  the  atmo- 
fphere ; but  that  evaporation  is  intirely  owing  to  the 
a(ffion  of  the  air  upon  it  ,*  whereas  the  evaporation 
here  fpoken  of,  is  performed  without  any  affifiance 
from  the  air.  Hence  it  folio --vs,  that  when  the  re- 
ceiver is  exhaufted  to  the  above-mentioned  degree,  the 
moifture  adhering  to  the  different  parts  of  the  machine 
will  turn  into  vapour,  and  fupply  the  place  of  the  air, 
which  is  continually  drawn  away  by  the  working  of 
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'tile  pump  ; fo  that  the  fluid  in  the  pear-gauge,  as  well 
fes  that  in  the  receiver,  will  'confifl;  in  a good  meafure  of 
vapour.  Now  letting  the  air  into  the  receiver,  all  the 
vapour  within  the  pear-gauge  will  be  reduced  to  water,, 
and  only  the  real  air  will  remain  uncondenfed  ; confe- 
quently  the  pear-gauge  fhews  only  how  much  real  air 
is  left  in  the  receiver,  and  not  how  much  the  preffure 
or  fpring  of  the  included  fluid  is  diminilhed  ; wherea.s 
the  common  gauges  fliew  how  much  the  prefTure  of  the 
included  fluid  is  diminiflied,  and  that  equally,  whether 
it  confifl:  of  air  or  of  vapour.’’  Mr.  Cavendifli  having 
explained  fo  fatisfaftorily  the  caufe  of  the  difagreement 
between  the  two  gauges,  Mr.  Nairne  confidered  that, 
if  he  were  to  avoid  moiflure  as  much  as  poflible,  the 
two  gauges  fliould  nearly  agree.  And  in  fadf  they  were 
found  fo  to  do,  each  (hewing  a rarefadlion  of  about  600, 
when  all  moiflure  was  perfectly  cleared  away  from  the 
pump,  and  the  plate  and  the  edges  of  the  receiver  were 
fecured  by  a cement  inftead  of  fetting  it  upon  a foaked 
leather,  as  in  the  ufual  way.  But  by  future  experiments,  - 
hlr.  Nairne  found  that  the  fame  excellent  machine  would 
iiot  exhaufl  more  than  50  or  60  times,  when  the  receiver 
was  fet  upon  leather  foaked  in  water,  the  heat  of  the 
room  being  about  57°.  And  from  the  whole,  Mi. 
Nalrrte  concludes  that  the  air-pump  of  Otto  Guericke, 
■aijd  thofe  contrived  by  Mr.  Gratorix,  and  Dr.  Hook, 
and  the  improved  one  by  Mr.  Papin,  both  ufed  by  Mr. 
Boyle,  as  alfo  Haukfbec’s,  s’Gravcfande’s,  Mufchen- 
broeck’s,  and  thofe  of  all  who  have  ufed  water  in  the 
barrels  of  their  pumps,  could  never  have  exhaufled  to 
more  than  between  4c  and  50,  if  the  heat  of  the  place 
was  about  57;  and  although  Mr.  Smeaton,  with  his 
pump,  where  no  water  was  in.  the  barrel,  but  where 
leather  foaked  in  a mixture  of  water  and  fpirit  of  wine 
■was  ufed  on  the  pump-plate,  to  fet  the  receiver  upon, 
may  have  exhaufled  all  but  a thoufandth,  or  even  a ten- 
thoufandth  ptirt  of  the  common  air,  according  to  the 
teftimeny  of  his  pcar-gaugc  ; yet  fo  much  vapour  inufl 
have  arlfen-from  the  wet  leather,  that  the  contents  of 
the  receiver ‘could  never  be  lefs  than  a 70th  or  80th 
part  of  the  denfity  of  the  atmofphere.  But  when  no- 
thing of  moiflure  is  ufed  about  this  machine,  it  will, 
when  in  its.greateft  perfedion,  rarefy  its  contents  of  air 
about  600  times. 

It  is  evident  that  by  means  of  thefe  two  gauges  we 
can  afeertain  the  feveral  quantities  of  vapour  and  per- 
manent air  which  make  up  the  contents  of  the  receiver, 
after  the  exhauflion  is  made  as  perfedl  as  can  be  ; for 
the  ufual  external  gauge  determines  the  whole  contents, 
made  up  of  the  vapour  and  air,  whilft  the  pear-gauge 
fhews  the  quantity  of  real  permanent  air  ; confequently 
the  difference  is  the  quantity  of  vapour. 

The  principal  caufe  which  prevents  this  pump  from 
exhaufling  beyond  the  limit  above-mentioned,  is  the 
weakened  elafllcity  of  the  air  within  the  receiver,  which, 
decreafmg  in  proportion  .as  the  quantity  of  the  air 
within  is  diminifhed,  becomes  at  lafl  incapable  of  lift- 
ing  up  the  valve  of  communication  between  the  receiver 
and  the  barrel ; and  confequently  no  more  air  can  then 
pafs  from  the  former  to  the  latter. 

Several  ingenious  perfons  have  ufed  their  endeavours 
to  remove  this  imperfection  in  the  belt  air-pumps. 
Amongfl  thefe  it  foems  that  one  Mr.  Haas  has  fuc- 
ceeded  tolerably  well ; having,  by  means  of  a contrl- 
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vance  to  open  the  communication  valve  in  the  bottofo 
of  the  han*el,  made  his  machine  fo  perfeCt,  that  v/hen 
every  thing  is  in  tlic  greateil  perfection,  it  rarefies  the 
contents  of  the  receiver  as  far  as  1000  times,  even  when 
meafured  by  the  exterior  gauge.  The  defcrlption  of 
this  machine,  and  an  account  of  fome  experiments 
performed  with,  it,  are  given  by  Mr.  Cavallo  in  the  Phllol. 
Tranf.  for  the  year  1783. 

But  the  im.pc'i  feCliohs  it  feems  have  more  reccnily 
been  removed  by  an  ingenious  contrivance  of  Mr. 
Cuthbertfon,  a matliematical  inilrument  maker  at  Ain- 
fterdam,  now  of  Dondon,  whofe  air-pump  has  neithcr 
cocks  nor  valves,  and  is  fo  conftruCted,  that  what  fup- 
plies  their  place  has  the  advantages  of  both,  without 
the  inconveniences  of  either.  He  has  alfo  made  im- 
provements in  the  gauges,  by  means  of  which  he  de- 
termines the  height  of  the  mercury  in  the  tube,^  by 
which  the  degree  of  exhauflion  is  indicated,  to  the 
hundredth  part  of  an  Inch.  And  to  obviate  the  incon- 
venience of  thc'clallic  ynpoiir  ariflng  from  the  wet 
leather,  upon  which  the  receiver  is  placed,  for  com- 
mon experiments,  he  recommends  the  ufe  of  leather 
dreffed  with  allum,  and  foaked  in  hog’s  lard,  which  he 
found  to  yield  very  little  of  this  vapour  ; but  when 
the  utmofl  degree  of  exhauflion  is  required,  his  advice 
is,  to  dry  the  receiver  well,  and  fet  it  upon  the  plate 
without  any  leather,  only  fmearing  its  outer  edges  with 
hog’s  lard,  or  with  a mixture  of  three  parts  of  hog’s 
lard  and  one  of  oil.  But  the  ufe  of  the  leather  has 
long  been  laid  aiide  by  our  Englilh  inftrument-makers, 
a circumftance  which  probably  had  not  come  to  Mr. 
Cuthbertfon’s  knowledge.  An  account  of  this  Inftru- 
inent,  and  of  fome  experiments  performed  with  it, 
was  publiflied  at  Amflcrdam  in  the  year  1787;  from 
which  experiments  it  appears  that,  by  a coinci- 
dence of  the  feveral  gauges,  a rarefaction  of  12-00  times 
was  (hewn  ; but  when  the  atmofphere  was  very  diy, 
the  exhauflion  has  been  fo  complete,  that  the  gauges 
have  (hewn  the  air  in  the  receiver  to  be  rarefied  above 
sqoo  times. 

There  are  made  alfo  by  different  perfons,  portable, 
or  fmall  air-pumps,  of  various  conflrudfions,  to  fet 
upon  a table,  to  perform  experiments  with.  In  thefe, 
the  gauge  Is  varied  according  to  tiie  fancy  of  the  ma- 
ker, but  commonly  it  confifls  of  a bent  glafs  tube,  like 
a fyphon,  open  only  at  one  end.  The  gauge  is  placed 
under  a fmall  receiver  communicating,  by  a pipe,  with 
the  principal  pipe  leading  from  the  general  receiver  to 
the  barrels.  The  clofo  end  of  the  gauge,  of  3 or  4 
inches  long,  before  the  exhauflion,  has  the  quickfilver 
forced  clofe  up  to  the  top  by  the  prefTure  of  the  air  on 
tlie  open  end  ; but  when  the  exhauflion  Is  conliderably 
advanced,  it  begins  to  defeebd,  and  then  the  difference 
of  the  heights  of  the  quickfilver  in  the  two  legs,  com- 
poi-ed  with  the  height  In  the  barometrical  tube,  deter- 
mines the  degree  of  exhauflion:  fo  if sthe  difference 
between  the  two  be  one  Inch,  when  the  barometer 
(lands  at  30,  the  air  is  rarefied  30  times  ; but  if  the 
difference  be  only  half  an  inch,  the  rarefadlioii  is  6o 
times,  and  foon.  See  Plate  in.  fig.  2. 

The  Ufi  of  the  Air-Pump.  In  whatever  manner  or 
form  this  machine  be  made,  the  ufe  and  operation  of  it 
are  always  the  fame.  The  handle,  which  works  the 
plfloHj  is  moved  up  and  down  in  the  barrel,  by  which 
I meuni 


A I R 


A I R 


4 


L 58  ] 


m.cjuis  a barrel  of  llie  contained  air  13  drawn  out  at  every 
itroke  of  the  pifton,  in  the  following  manner  : by  pidh- 
ing  the  plftoii  elowni  to  the  bottom  of  the  barrel,  where 
the  air  is  prevented  from  cfcaping  dowmwards,  by  its 
elailieity  it  opens  the  valve  of  the  plllon,  and  efeapes 
upwards  abc?ve  it  into  the  open-air;  tlien  raifmg  the 
pidoii^iip,  the  external  atmolphere  fhuts  downs  Its  valve, 
and  a vaciuuii  would  be  made  below  it,  but  for  the  air 
in  the  receiver,  pipe,  dee,  which  now  ralies  the  valve 
in  the  bottom  of  the  barrel,  and  riifhes  in  and  fills  it 
again,  till  the  W'hole  air  in  the  receiver  and  barrel  be 
of  one  uniform  denfity,  but  lefs  than  it  wars  before  the 
broke,  in  proportion  as  the  fiim  of  all  the  capacities 
of  the  receiver,  pipe,  and  barrel  together,  is  to  the  fame 
fum  wuinting  the  barrel.  And  thus  is  the  air  in  the 
receiver  diminiflieel  at  each  broke  of  the  pifton,  by  the 
quantity  of  the  barrel  or  cylinder  full,  and  therefore 
ahvays  in  the  fame  proportion  : fo  that  by  thus  repeat- 
ing the  operation  again  and  again,  the  air  is  rarefied  to 
any'-  propofed  degree,  or  till  it  has  not  elabicity  enough 
open  the  valve  ot  the  pifion  or  of  the  barrel,  after 
Vv'hicli  the  exhaiibion  cannot  be  any  farther  carried  on  : 
the  gauge,  in  comparlfon  with  the  barometer,  biewing 
at  anv  time  w'hat  the  depree  of  exhaubion  is,  a.ccordinp* 
to  the  particular  nature  and  conbrudlion  of  it. 

But,  fiippofing  no  vapour  from  moibure,  &c,  to  rife 
in  the  receiver,  the  degree  of  exhauftion,  after  any 
iiurnber  of  brokes  of  the  piboii,  may  be  determined 
by  know'ing  the  refpeftive  capacities  of  the  barrel  and 
the  receiver,  including  the  pipe,  &c.  For  as  we  have 
ieen  above  that  every  broke  diminilhes  the  denfity  in  a 
conbant-proportion,  namely  as  much  as  the  whole  con- 
tent exceeds  that  of  the  cylinder  or  barrel ; and  con- 
feqiicntly  the  fum  of  as  many  diminutions  as  there  are 
brokes  of  the  pibon,  will  blew  the  whole  diminution 
by  all  the  brokes.  So,  if  the  capacity  of  the  barrel  be 
equal  to  that  of  the  receiver,  in  which  the  communica- 
tion pipe  is  always  to  be  included ; then,  the  barrel 
being  half  the  fum  of  the  whole  contents,  half  the  air 
will  be  drawn  out  at  one  broke  ; and  confequently  the 
remaining  half,  being  dilated  tlnough  the  wdiole  or  firb 
capacity,  will  be  of  only  half  the  denfity  of  the  lirif  : 
in  like  manner,  after  the  fccond  broke,  the  denfity  of 
the  remaining  contents  wfiil  be  only  half  of  that  after 
the  firb  broke,  that  is  only  b original  denfity  : 

continuing  this  operation,  it  follow^s  that  the  denfity  of 
the  remaining  air  will  be  4 after  3 brokes  of  the  pibon, 
after  4 brokes,  after  5 brokes,  and  fo  on,  accord- 
ing to  the  povvers  of  the  ratio  § ; that  is,  fuch  powder 
of  the  ratio  as  is  denoted  by  the  number  of  the  brokes. 
In  like  manner,  if  the  barrel  be  j of  tlie  whole  con- 
tents, that  is,  the  receiver  double  of  the  barrel,  or  | of 
the  ’.vhole  contents  ; then  the  ratio  of  diminution  of 
denfity  being  |,  the  denfity  of  the  contents,  after 
any  number  of  brokes  of  the  pibon,  will  be  denoted 
by  fuch  power  of  | whofe  exponent  is  that  number  ; 
namely,  the  denfity  will  be  j after  one  broke,  (f  or 
^ after  tw^o  brokes,  (|)3  3 brokes,  and  in 

general  it  will  be  (|)^^  after  « brokes  : ‘ the  original 
denfity  of  the  air  being  i.  Hence  then,  univerfally, 
if  s denote  the  fum  of  the  contents  of  the  receiver 
and  barrel,  and  r tliat  of  the  receiver  only  without 
the  barrel,  and  n any  number  of  brokes  of  the 
pibon  ; then,  the  original  denfity  of  the  air  being  ij 


the  denfity  after  n br-okea  wall  be  (— ) o - , namely 
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the  n power  of  the  ratio  — , So,  for  example,  if  tho 
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capacity  of  the  receiver  be  equal  to  4 times  that  of  the 
barrel ; then  their  fum  j-  is  5,  and  r is  4*;  and  the 
denfity  of  the  contents  after  30  brokes,  will  be 
or  the  3otIi  powder  of  -f,  wdiich  is  nearly  ; fo  that 
the  air  in  the  receiver  is  rarefied  808  times. 

See  alfo  the  Memoiresde  BAcad.  Royale  des  Sciences 
for  the  years  1693  ^7^5* 

brom  the  fame  formula,  namely  (—)  rr^/theden- 

s 

fity,  we  eafily  derive  a rule  for  finding  the  number  of 
brokes  of  the  pibon,  necelTary  to  rarefy  the  air  any 
number  of  times,  or  to  reduce  it  to  a given  denfity  i/j,. 

tnat  of  the  natural  air  being  i . For  fince  ( — zn  </, 

by  taking  the  logarithm  of  this  equation,  it  hn  X Iog». 

^ ^ r 7 17  lofiT-  ^ lose*  d 

— — log.  01  d } and  hence  11  rn  — — 


log. 


log.r 


•log.f* 


that  m 


divide  the  log.  of  the  propofed  denfity  by  the 

log.  of  the  ratio  of  the  receiver  to  the  fum  of  the  re- 
ceiver and  barrel  together,  and  the  quotient  wn'll  ihew 
the  number  of  brokes  of  the  pibon  reqiiifice  to  produce 
the  degree  of  exhaubbu  required.  So,  for  example,  if 
the  receiver  be  equal  to  5 times  the  bcirrel,  and  it  be 
propofed  to  find  how  many  brokes  of  the"  pibon  will 
rarefy  the  air  100  times  ; then  r = 3',  .r  ==  6,  ^ 

f'  c 

and' — “ whole  log.  is — *079183 

j'  6 


whofe  log.  is  — 2; 


2 

therefore — - = 23^  nearly,  which  is  the  number 

•07918 

of  brokes  required. 

And,  farther,  the  fame  formula  reduced,  would  give 
us  the  proportion  between  the  receiver  and  barrel,  when 
the  air  is  rarefied  to  any  degree  by  an  affigned  number 

y TV 

of  brokes  of  the  pibon.  For  fince  (—  ) r=  r/  the  den- 
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fity,  therefore,  extracting  the  n root  of  both  fides,  it  is 
— = yj ; that  is,  the  n root  of  the  denfity  is  equal 

S '' 

to  the  ratio  of  the  receiver  to  the  fum  of  the  receiver 
aiid  barrel.  So,  if  the  denfity  Jbe  and  the  num- 
ber of  brokes  « ti:  7 ; then  the  7th  root  of  is  ^ 5 

which  Ihews  that  the  receiver  is  equal  to  half  the  re- 
ceiver and  barrel  together,  or  that  the  capacity  of  the 
barrel  is  jub  equal  to  that  of  the  receiver. 

Some  of  the  principal  effects  and  phenomena  of  the 
air-pump,  are  the  following : That,  in  the  exhaiibed 
receiver,  heavy  and  light  bodies  fall  equally  fvvift ; fo,  a 
guinea  and  feather  fall  from  the  top  of  a tall  receiver 
to  the  bottom  exactly  together.  That  mob  animals 
die  in  a minute  or  two  ; but  however,  That  vipers  and 
frogs,  though  they  fwell  much,  live  an  hour  or  two  ; and 
after  being  feemingly  quite  dead,  come  to  life  again  in 
the  open  air  : That  fnails  furvive  about  ten  hours ; 
efts,  or  bow-worms,  two  or  three  days ; and  leeches 
five  or  fix.  That  oybers  live  for  24  hours.  That  the 
heart  of  an  ed  taken  out  of  the  body,  continues  to 

beat 
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beat  for  good  part  of  an  hour,  and  that  more  brifldy 
than  in  the  air.  That  warm  blood,  milk,  gall,  &c,  un- 
dergo a-conhderable  intumefcence  and  ebullition.  That 
a moLife  or  other  animal  may  be  brought,  by  degrees,  to 
furvive  longer  in  a rarefied  air,  than  naturally  it  does. 
That  air  may  retain  its  ufual  prefiure,  after  it  is  be- 
come unfit  for  refpiration.  That  the  eggs  of  filk-worms 
hatch  in  vacuo.  That  vegetation  flops.  That  fire  ex- 
tinguiflies  ; the  fiame  of  a candle  ufually  going  out  in 
one  minute;  and  a charcoal  in  about  five  minutes. 
That  red-hot  iron,  however,  feems  not  to  be  affedled  ; 
and  yet  fulphur  or  gun-powder  are  not  lighted  by  it, 
but  only  fufed.  That  a match,  after  lying  feemingly 
cxtindl  a long  tim.e,  revives  agnin  on  re-admitting  the 
air.  That  a flint  and  fleel  flrike  fparks  of  fire  as  co- 
pioufly,  and  in  all  diredlions,  as  in  air.  That  magnets, 
and  magnetic  needles,  a6l  the  fame  as  in  air.  That  the 
fmoke  of  an  extinguifhed  luminary  gradually  fettles  to 
the  bottom  in  a darkiih  body,  leaving  the  upper  part  of 
the  receiver  clear  and  tranfparent ; and  that  on  inclin- 
ing the  veflcl  fometimes  to  one  fide,  and  fometimes  to 
another,  the  fume  preferves  its  furface  horizontal,  after 
the  nature  of  other  fluids.  That  heat  mav  be  pro- 
duced by  attrition.  That  camphire  will  not  take  fire  ; 
and  that  gun- powder,  though  fome  of  the  grains  of  a 
heap  of  It  be  kindled  by  a burning  glafs,  will  not  give 
fire  to  the  contiguous  grains.  That  glow-worms  lofe 
their  light  in  proportion  as  the  air  is  exhaufled,  and  at 
length  bec'ome  totally  obfcure ; but  on  re-admitting 
the  air,  they  prefently  recover  it  all.  That  a bell,  on 
being  ftruck,  Is  not  heard  to  ring,  or  very  faintly. 
That  water  freezes.  But  that  a fyphon  will  not  run. 
That  elcclrlclty  appears  like  the  aurora  borealis.  With 
multitudes  of  other  curious  and  important  particulars, 
to  be  met  with  in  the  numerous  writings  on  this  ma- 
chine, namely,  befldes  the  Phllof.  Tranfadlions  of  mofl 
academies  and  focleties,  in  the  writings  of  Torricelli, 
Pafcal,  Merfenne,  Guericke,  Schottus,  Boyle,  Hook, 
Huhamel,  Marlotte,  Haukfbee,  Hales,  Mufchenbrocck, 
Gravcfande,  Defagullers,  Franklin,  Cotes,  Helfliam, 
and  a great  many  other  authors. 

Air-Vessel,  in  Hydraulics y Is  a veflel  of  air  within 
fome  water  engines,  which  being  comprefled,  by  forc- 
ing in  a conflderable  quantity  of  water,  by  its  uniform 
fpring,  forces  It  out  at  the  pipe  In  a conflant  uninter- 
rupted ftream,  to  a great  height. 

Air-vcffel  too,  in  the  improved  fire  engines,  Is  a me- 
talKc  cylinder,  placed  between  the  two  forcing  pumps, 
by  the  aAion  of  whofe  piflons  the  water  is  forced  into 
this  veflTel,  through  two  pipes,  with  valves ; then  the 
air,  previoufly  contained  in  it,  is  comprefled  by  the 
water,  in  proportion  to  the  quantity  admitted,  and 
this  air,  by  Its  fpring,  forces  the  water  tliroiigh  a pipe 
by  a conflant  and  equal  ftream  ; whereas  in  the  com- 
mon fquirting  engine,  the  ftream  Is  difcontinued  be- 
tween the  feveral  ftrokes. 

Iriplicity,  in  AJlrohgyy  the  figns  of 
Gemini,  Libra,  and  Aquarius. 

AJUTAGE,  or  Adjutage,  in  Hydraulics^  part  of 
the  apparatus  of  a jet  d'*eati,  or  artificial  fountain  ; be-' 
ing  a kind  of  tube  fitted  to  the  aperture  or  mouth  of 
the  ciftern,  or  the  pipe  ; through  which  the  water  is 
to  be  played  in  any  direflion,  and  in  any  fliape  or 
figure. 


It  13  chiefly  the  diverfity  in  the  ajutage,  that  makes 
the  different  kinds  of  fountains.  So  that,  by  having* 
feveral  ajutages,  to  be  applied  occafionally,  one  fountain 
is  made  to  have  the  effeft  of  many. 

Marlotte,  Gravefande,  and  Defagullers  have  written 
pretty  fully  on  the  nature  of  ajutages,  or  fpouts  for  jets 
d’eau,  and  efpecially  the  former.  He  affirms,  from  ex- 
periment, that  an  even  poHflied  round  hole,  made  in 
the  tliin  end  of  a pipe,  gives  a higher  jet  than  eitkiu’ 
a cylindrical  or  a conical  ajutage  ; but  that,  of  thefc 
two  latter  however,  the.  conical  is  better  than  the  cy- 
lindrical figure.  See  his  Traite  c|u  Mouvernent  des 
Eaux,  part  4. 

The  quantity’’  of  water  difeharged  by  ajutages  of 
equal  area,  but  of  difierent  figures,  is  the  fame.  And 
fur  like  figures,  but  of  different  fizes,  the  quantity 
difeharged,  is  diredlly  proportional  to  the  area  of  thi 
ajutage,  or  to  the  fqiiare  of  its  diameter,  or  of  any  fide 
or  other  linear,  dimenfiou  : fo,  an  ajutage  of  a double 
diameter,  or  fide,  will  difcliarge  4 time*;  the  quantity* 
of  water  ; of  a triple  diameter,  9 times  the  quantity  ; 
and  fo  on  ; fuppofing  them  at  an  equal  depth  below  the 
furface  or  head  of  water.  But  if  the  ajutage  be  at 
different  depths  below  the  head,  then  the  celerity  with 
which  the  water  iffues,  and  confequently  the  quantity 
of  it  run  out  in  any  given  time,  Is  diredlly  proportional 
to  the  fquave-root  of  the  altitude  of  the  head,  Or  depth 
of  the  hole  : fo  at  4 times  the  depth,  the  celerity  and 
quantity  is  double  ; at  9 times  the  depth,  triple;  and 
fo  on. 

It  has  been  found  that  jets  do  not  rife  quite  fo  high 
as  the  head  of  water ; owing  chiefly  to  the  refiftance 
of  the  air  again  ft  It,  and  the  preffure  of  the  upper  parts 
of  the  jet  upon  the  lower : and  for  this  reafon  it  is, 
that  if  the  diredllon  of  the  ajutage  be  turned  a very 
little  from  the  perpendicular,  it  is  found  to  l^out  rather 
higher  than  when  the  jet  is  exadlly  upright. 

It  is  found  by*  experiment  too,  that  the  jet  Is  higher 
or  lower,  according  to  the  fize  of  the  ajutage  ;-that  a 
circular  hole  of  about  an  inch  and  a quarter  in  diame- 
ter, jets  highell  ; and  that  the  farther  from  that  fize, 
the  worfe.  Experience  alfo  fhews  that  the  pipe  leading 
to  the  ajutage,  fhould  bt  much  larger  than  It ; and  if 
the  pipe  be  a long  one,  that  it  ftiould  be  wider  the  farther 
it  is  from  the  ajutage. 

For  the  other  circumftances  relating  to  jets  and  the 
iffuing  of  water  under  various  circumftances,  fee  Ex- 
haustion, Flux,  Fountain,  Jet  d’Fau,  &c,  to 
which  they’  more  properly  belong, 

ALBATEGNI,  an  Arabic  prince  of  Batan  in 
Mefopotamia,  who  was  a celebrated  aftronomer,  about 
the  year  of  Chrill  880,  as  appears  by  his  obfervatlons. 
He  is  alio  called  Muhammed  hen  Geher  Alhatanly  Mn^ 
hornet  the  Jon  of  Geher,  and  Muhamedes  AraScnfis.  He 
made  aftronomical  obfervatlons  at  Antioch,  and  at 
Racah  or  Aradla,  a town  of  Chaldea,  which  fome 
authors  call  a town  of  vSyria  or  of  Mefopotamia.  He 
is  highly  fpoken  of  by  Dr.  Halley*,  as  a ’vlr  adrnlrandi 
acumlnls,  ac  in  admin  ft  randis  obfervationihus  exircltatljju 
mvs. 

Finding  that  the  tables  of  Ptolomy  W’ere  imperfedl, 
he  computed  new  ones,  which  were  long  ufed  as  the 
bed  among  the  Arabs  : thefe  were  adapted  to  the  me- 
ridian of  Aradla  or  Racah.  Albategni  compofed  in 
I z Arabic 
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Arabfc  a work  under  the  title  of  The  Science  of  the 
Stars,  comprifing  all  parts  of  aftronomy,  according  to 
his  own  obfervations  and  thofe  of  Ptolomy.  This 
work,  trandated  into  Latin  by  Plato  of  Tibur,  was 
publifhed  at  Nuremberg  in  1537,  with  fome  additions 
and  demonflrations  of  Regiomontanus;  and  the  fame 
was  reprinted  at  Bologna  in  1645',  with  this  author’s 
notes.  Dr.  Plalley  detedled  many  faults  in  thefe  edi- 
tions : Philof.  Tran f.  for  1693,  N°  204. 

Tn  this  work,  Albategni  gives  the  motion  of  the 
fun’s  apogee  fmce  Ptolomy ’s  time,  as  well  as  the  motion 
of  the  ftars,  which  he  makes  i desrree  in  70  years, 
lie  made  the  longitude  of  the  firft  ftar  of  Aries  to  be 
18°  2';  and  the  obliquity  of  the  ecliptic  23°  35^. 
And  upon  Albategni’s  obfervations  were  founded  the 
-Alphonfine  tables  of  the  moon’s  motions  ; as  is  ob- 
ferved  by  Nic.  Muler,  in  the  Tab.  Frificae,  pa.  248. 

ALBERTUS  Magnus,  a very  learned  man  in  the 
13th  century,  who,  among  a multitude  of  books, 
wrote  feverai  upon  the  various  mathematical  fciences, 
as  Arithmetic,  Geometry,  Peifpective  or  Optics,  Mufic, 
Akrologyand  All  rcnomy,  particularly  under  the  titles, 
de  fphara,  cle  ajlris,  de  ajironomia^  item  fpeculum  ajlrono^ 
ffiicum. 

Albertus  Magnus  was  born  at  Lawingen  on  the  Da- 
nube, in  Suabia,  in  1205,  or  according  to  fome  in 
1193;  and  he  died  at  a great  age,  at  Cologn,  Novem- 
ber 15,  1280.  Voifius  and  other  authors  fpeak  of  him 
as  a 'great  genius,  and  deeply  fleilled  in  all  the  learning 
of  the  age.  His  writings  were  fo  numerous,  that  they 
make  21  volumes  in  folio,  in  the  Lyons  edition  of  1615. 
He  has  palfed  alfo  for  the  author  of  fome  writings  re- 
lating to  midwifery,  &c,  under  the  title  of  De  natura 
rerum,  and  De  fecretis  mulierum,  in  which  there  are 
many  phrafes  and  expreffions  unavoidable  on  fuch  a 
fubjedl,  which  gave  great  offence,  and  raifed  a clamour 
againtt  him  as  the  fuppofed  author,  and  inconhftent 
with  his  charadtef,  being  a Dominican  friar,  and  fome- 
time  biihop  of  Ratifbon  ; which  dignity  however  he 
foon  refigned,  through  his  love  for  folitude,  to  enter 
again  into  the  monalfic  life.  But  the  advocates  of 
Albert  affert,  that  he  was  not  the  author  of  either  of 
thefe  two  works.  It  mull  be  acknowledsred  however, 
that  there  are,  m his  Comment  upon  the  Maker  of 
Sentences,  fome  quckions  concerning  the  pradfice  of 
conjugal  duty,  in  which  he  has  ufed  fome  words  rather 
too  grofs  for  chake  and  dejicate  ears  : but  they  allege 
r^  hat  he  himfelf  ufed  to  fay  in  his  own  vindication, 
that  he  came  to  the  knowledge  of  fo  many  monkrous 
things  at  confeffion,  that  it  was  impoffible  to  avoid 
touching  upon  fuch  quekions.  Albert  was  certainly  a 
man  of  a mok  curious  and  inquifitive  turn  of  mind, 
wdiich  gave  rife  to  other  accufations  againk  him  ; fuch 
as,  that  belaboured  to  find  out  the philofoplier’s  kone  ; 
that  he  was  a magician  ; and  that  he  made  a machine 
in  the  kiape  of  a man,  which  vras  an  oracle  to  him, 
and  explained  all  the  difficulties  he  propofed  : the  com- 
mon cant  accufations  of  thofe  times  of  ignorance  and 
fuperkition.  But  having  great  knowledge  in  the  ma- 
thematics and  m.echanics,  by  his  ffiiil  in  thefe  fciences 
he  probably  formed  a head,  with  fplrings  capable  of  ar- 
ticulate founds ; like  the  machines  of  Boetius  and  others, 

John  Matthseus  de  Luna,  in  his  treatife  De  Rerum 

Inventoribusj  has  attributed  the  ffiyentioa  of 


to  Albert  ; but  in  this  he  is  refuted  by  Naude,  in  hrs 
Apologie  des  grands  hommes. 

ALBUMAZAR,  otherwife called  Abuassar,  and 
Japhar,  was  a celebrated  Arabian  philofopher  and 
akrologer,  of  the  9th  or  loth  century,  or  according  to 
fome  authors  much  earlier.  Blancanus,  Voffius,  &c, 
fpeak  of  him  as  one  of  the  mok  learned  akronomers  of 
his  time,  or  akrologers,  which  was  then  the  fame  thing. 
He  wrote  a work  De  Magnis  Conjundiionihus  Annorum 
Reneolutlonihus , ac  eorum  Perfeitlonibus,  printed  at  Venice 
in  1 5 1 y,  at  the  expence  of  Melchior  Seka,  a work 
chiefly  akrological. 

He  wrote  alfo  IntrodiiBio  in  Afironomiam,  printed  in 
the  year  1489.  And  it  is  reported  that  he  obferved  a 
comet  in  his  time,  above  the  orb  of  Venus. 

ALCOHOL,  in  the  Arabian  Akrology,  is  when  a 
heavy  flow- moving  planet  receives  another  lighter  one 
within  its  orb,  fo  as  to  come  in  conjundlion  with  it. 

ALDEBARAN,  an  Arabian  name  of  a fixed  kar,. 
of  the  firk  magnitude,  juft  in  the  eye  of  the  fign  or 
conkellation  Taurus,  or  the  bull,  and  hence  it  is  popu- 
larly called  the  bull’s  eye.  For  the  beginning  of  the 
year  1800,  its 

Right  Afcenfion  is  66®  (d 
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ALDERAIMIN,  a kar  of  the  third  magnitude  irt 
the  right  fhoulder  of  the  conkellation  Ccpheus. 

ALDHAFERA,  or  Aldhaphra,  in  the  Arabian 
Akronomy,  denotes  a fixed  kar  of  the  third  magnitude, 
in  the  mane  of  the  fign  or  conkellation  Leo,  the  lion. 

ALEMBERT  Qohn  le  Rond  D’),'  an  eminent 
French  mathematiciati  and  philofopher,  and  one  of  the 
brightek  ornaments  of  the  18th  century.  He  was 
perpetual  fecretary  to  the  French  Academy  of  Sci- 
ences, and  a member  of  mok  of  the  philofophical 
academies  and  focieties  of  Europe. 

D’Alembert  was  born  at  Paris,  the  i6th  of  Novem- 
ber 1717.  He  derived  the  name  of  John  le  Rond 
from  that  of  the  church  near  which,  after  his  birth,  ha 
was  expofed  as  a foundling.  But  his  father,  informed 
of  this  circumkance,  likening  to  the  voice  of  nature  and 
duty,  took  meafures  for  the  proper  education  of  his 
child,  and  for  his  future  fubfikence  in  a kate  of  eafe 
and  independence.  His  mother,  it  is  faid,  was  a lady  of 
of  rank,  the  celebrated  Maderaoifeile  Tencin,  filler  to 
cardinal  Tencin,  archbilhop  of  Lyons. 

He  received  his  firk  education  among  the  Janfeniks, 
in  the  College  of  the  Four  Nations,  where  he  gave 
early  figns  of  genius  and  capacity.  In  the  firk  year 
of  his  philofophical  kudies,  he  compofed  a Commentary 
on  the  Epikle  of  St.  Paul  to  the  Romans.  The  Jan- 
feniks  confidered  this  prodiukion  as  an  omen,  that 
portended  to  the  party  of  Port- Royal  a rekoratioii 
to  fome  part  of  their  former  fplendor,  and  hoped  to 
find  one  day  in  d’Alembert  a fecond  Pafcal.  To  ren- 
der this  refemblance  more  complete,  they  engaged 
their  pupil  in  the  kudy  of  th.e  mathematics  ; but  they 
foon  perceived  that  his  growing  attachment  to  this 
fcience  was  likely  to  difappoint  the  hopes  they  had 
formed  with  refpedl  to  his  future  dekination  : they 
therefore  endeavoured  to  divert  him  from  this  line  3 
but  their  eadeavours  were  fruitlefs® 
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On  his  quitting  the  college,  finding  himfelf  alone, 
and  unconne6led  in  the  world,  he  fought  an  alylum  in 
the  houfe  of  his  nurie.  He  hoped  that  his  fortune, 
though  not  ample,  would  enlarge  the  fubfifience,  and 
better  the  condition  of  her  family,  which  was  the  only 
one  that  he  could  confider  as  his  own.  It  was  here 
therefore  that  he  fixed  his  refidence,  refolving  to  apply 
himfelf  entirely  to  the  ftudy  of  geometry. — And  here 
he  lived,  during  the  fpace  of  40  years,  with  the  greated 
fimpllclty,  difcovering  the  augmentation  of  his  means 
only  by  increafing  dlfplays  of  his  beneficence,  conceal- 
ing his  growing  reputation  and  celebrity  from  thefe 
honed  people,  and  making  their  plain  and  uncouth 
manners  the  fubject  of  good-natured  j)leafantry  and 
philofophical  obfervation.  His  good  nurfe  perceived 
his  ardent  activity  ; heard  him  mentioned  as  the  writer 
of  many  books  ; but  never  took  it  into  her  head  that 
he  was  a great  man,  and  rather  beheld  him  with  a kind 
of  compadion.  “ You  will  never,  fald  die  to  him  one 
day,  be  any  thing  but  a phllofopher — and  what  Is  a 
philofopher  ? — a fool,  who  toils  and  plagues  himfelf 
all  his  life,  that  people  may  talk  of  him  when  he  is 
deadd^ 

As  dk'klembert’s  fortune  did  not  far  exceed  the  de- 
mands of  neceffitv,' his  friends  advifed  him  to  think  of 
fome  profeflion  that  might  enable  him  to  mcreafe  It. 
He  accordingly  turned  his  views  to  the  law,  and  took 
his  degrees  in  that  faculty  : but  foon  after,  abandoning 
this  line,  he  applied  himfelf  to  the  Itudy  of  medicine. 
Geometry  however  was  always  drawing  him  back  to 
his  former  purfuits  ; fo  that  after  many  Ined'eftual 
ilruggles  to  refift  Its  attradllons,  he  renounced  all  views 
of  a lucrative  profeflion,  and  gave  himfelf  up  entirely 
to  mathematics  and  poverty. 

In  the  year  1741  he  was  admitted  a member  of  the 
Academy  of  Sciences  ; for  which  dlllingulflied  literary 
promotion,  at  fo  early  an  age  (24),  he  had  pi't'pared 
the  way  by  correfting  the  errors  of  a celebrated  work 
(The  Analyfe  Demontree  of  Reyneau),  which  w^as 
elleemed  clalflcal  in  France  In  the  line  of  analytics.  He 
afterwards  fet  himfelf  to  examine,  wnth  clofe  attention 
and  afliduity,  what  mufl;  be  the  motion  and  path  of  a 
body,  which  pafles  from  one  fluid  into  another  deiifer 
fluid,  in  a diredflon  oblique  to  the^furface  between  the 
two  fluids.  Every  one  knows  the  phenomenon  which 
happens  in  this  cafe,  and  amufes  children,  under  the 
denomination  of  Ducks  and  Drakes  ; but  it  v/as  d’Alem- 
bert who  firfl  explained  it  In  a fatisfadory  and  philo- 
fophical manner. 

Two  years  after  his  election  to  a place  In  the  acade- 
my, he  publifhed  his  ’Treatife  on  Dynamics.  The  new 
principle  developed  in  this  treatife,  confifted  in  efla- 
bllflilng  an  equality,  at  each  inftant,  between  the 
changes  that  the  motion  of  a body  has  undergone,  and 
the  forces  or  powers  v/hich  have  been  employed  to  pro- 
duce them  : or,  to  exprefs  the  fame  thing  otherwlfe,  in 
feparating  into  tavo  parts  the  adlon  of  the  moving 
powders,  and  confidering  the  one  as  producing  alone  the 
motion  of  the  body,  In  the  fecond  inflant,  and  tlie- 
other  as  employed  to  deflroy  that  which  it  had  in  the 
firft. 

So  early  as  the  year  1744»  d’Alembert  had  applied 
this  principle  to  the  theory  of  the  equilibrium,  and  the 
motion  of  fluids;  and  all  the' problems  before  rerglYt;d 
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in  phyfics,  became  in  fome  meafure  its  corollaries. 
The  dlfcovery  of  this  new  principle  was  followed  by 
that  of  a new  calculus,  the  firft  elfays  of  which  were 
publiflied  ill  a Diftourfe  on  the  General  Theory  of  the 
IViuds,  to  which  the  prize-medal  was  adjudged  by  the 
Academy  of  Berlin  In  the  year  1746,  wFIch  proved  a- 
new  and  brilliant  addition  to  the  fame  of  d’Alembert.^ 
This  new  calculus  of  Partial  Deferences  ht  applied,  the 
year  following,  to  the  problem  of  vibrating  chords,  the 
rcfolutlon  of  which,  as  w'ell  as  the  theory  of  the  ofcil- 
latlons  of  the  air  and  the  propagation  of  found,  had 
been  but  imperfedlly  given  by  the  mathematicians  who 
preceded  him  ; and  thefe  were  his  mailers  or  his 
rivals. 

In  the  year  1749  he  furnlfhed  a method  of  applynhig 
his  principle  to  tiie  motion  of  any  body  of  a given 
figure.  He  alio  /efolved  the  problem  of  the  precei- 
fion  of  the  equinoxes  ; determining  its  quantity,  and 
explaining  the  phenomenon  of  the  nutation  x)f  the  ter- 
reftrlal  axis  difeovered  by  Dr.  Bradley. 

In  i'}52,  d’Alembert  publiflied  a treatife  on  the 
Refijlance  of  Fluids,  to  which  he  gave  the  modeft  title 
of  an  Fffay  ; though  It  contains  a multitude  of  origi- 
nal ideas  and  new  obfervations.  About  the  fame  time 
he  publilhed,  in  the  Memoirs  of  the  Academy  of  Ber- 
lin, Refearches  concerning  the  Integral  Calculus,  wdilch  is- 
greatly  indebted  to  him  for  the  rapid  progrefs  It  has 
made  In  the  prefent  century. 

While  the  ftudles  of  d’ Alembert  were  confined  to 
mere  mathematics,  he  was  little  known  or  celebrated* 
in  his  native  countiy.  His  connections  were  limited  to 
a fmall  fociety  of  feleT  friends.  But  his  cheerful  con- 
verfatlon,  his  fmart  and  llveh'  failles,  a happy  knack  at 
telling  a ftory,  a lingular  mixture  of  malice  of  fpeech 
with  goodnefs  of  heart,  and  of  delicacy  of  wit  .with 
fimplicity  of  manners,  rendering  him  a pleafing  and 
interelling  companion,  his  company  began  to  be  much 
fought  after  In  the  faftiionable  circles.  His  reputation 
at  length  made  Its  way  to  the  throne,  and  rendered  him 
the  objedl  of  royal  attention  ajid  beneficence.  The 
confequence  was  a penlion  from  government,  which  he 
owed  to  the  frlendfhip  of  count  d’Argenfon. 

But  the  tranquillity  of  d’Alembert  was  abated  when 
his  fame  grew  more  extenlive,  and  when  it  was  known 
beyond  the  circle  of  his  friends,  that  a fine  and  en- 
lightened tafte  for  literature  and  phllofophy  accompa- 
nied his  mathematical  genius.  Our  author’s  enloglfi:' 
afcribes  to  envy,  detradlion,  (?5C,  all  the  oppolitlon  and 
cenfure  that  d’Alembert  met  with  on  account  of  the 
famous  Encyclopedie,  or  Didlionary  of  Arts  and 
Sciences,  in  conjundllon  with  Diderot.  None  furely 
will  refufe  the  well-defervcd  tribute  of  applaufe  to  the 
eminent  difplays  of  genius,  judgment,  and  true  literary 
tafte,  with  which  d’Alembert  has  enriched  that  great' 
work.  Among  others,  the  Preliminary  Difeourfe  he 
has  prefixed  to  it,  concerning  the  rife,  progrefs,  con- 
nedlions,  and  aflinitics  of  all  the  branches  of  human 
knowledge.  Is  perhaps  one  of  the  moll  capital  produc- 
tions the  philofophy  of  the  age  can  boall  of. 

Some  time  after  this,  d’Alembert  publiflied  h'is  PhU 
lofophical,  Hijlorical,  and  Philological  Mfcellanics. 
Thefe  were  followed  by  the  Memoirs  of  Chrifmu 
queen  of  Sweden;  in  which  d’Alembert  fliewed  that  he 
was  acquainted  with  the  natural  rights  of  mankind, 
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-and  was  bold  enoiigdi  to  alTert  them.  His  EJfa^  on  the 
interconrfd  of  Men  of  Jjefters  nvith  Perfotis  high  hi  Rank 
and  Office^  wounded  the  former  to  the  quick,  as  it  ex- 
pofed  to  the  eyes  of  the  public  the  ignominy  of  thofe 
iervile  chains,  wdilch  they  feared  to  diake  off,  or  were 
proud  to  wear.  A lady  of  the  court  hearing  one  day 
the  author  accufed  of  having  exaggerated  the  defpotifin 
of  the  great,  and  the  fubmiffion  they  require,  anfwered 
flyly,  “If  he  had  confidted  me,  I would  have  told  him 
ffill  more  of  tlie  matter.” 

D’Alembert  gave  elegant  fpecimens  of  his  literary 
abilities  ki  his  tranflations  of  fome  feledl  pieces  of 
Tacitus,  But  thefe  occupations  did  not  divert  him 
from  his  mathematical  ftudies  : for  about  the  fame  time 
he  enriched  the  Encyclopedic  with  amultitiide  of  excel- 
lent articles  in  that  line,  and  compofed  his  Rejearches 
on  fenjeraJ  Im fort  ant  Points  of  the  Byjlem  of  the  IVorhf 
in  which  he  carried  to  a higher  degree  of  perfeflion 
the  folution  of  the  problem  concerning  the  perturba- 
tions of  the  planets,  that  had  feveral  years  before  been 
prefented  to  the  Academy. 

In  1759  he  publifhed  has  Elements  of  Philo fophy  : a 
work  much  extolled  as  remarkable  for  its  precifion  and 
perfpicuity. 

The  refentment  that  was  kindled  (and  the  difpiites 
that  followed  it)  by  the  article  Geneva^  inferted^’n  the 
Encyclopedic,  are  well  known.  D’Alembert  did  not 
leave  this  field  of  controverfy  with  flying  colours.  Vol- 
taire was  an  auxiliary  in  the  conteft  : but  as  he  had 
no  reputation  to  lofe,  in  point  of  candour  and  decency  ; 
and  as  he  weakened  the  blows  of  his  enemies,  by  throw- 
ing both  them  and  the  fpedlators  into  fits  of  laughter, 
the  iffue  of  the  war  gave  him  little  uneafinefs.  It  fell 
Tnore  heavily  on  d’Alembert ; and  expofed  him,  even 
at  home,  to  much  contradidlion  and  oppofition. 

It  was  on  this  occafion  that  the  late  king  of  Pruffla 
offered  him  an  honourable  afylum  at  his  court,  and  the 
office  of  prefident  of  his  academy;  and  the  king  was 
not  offended  at  d’Alembert’s  refufal  of  thefe  diftinc- 
tione,  but  cultivated  an  intimate  friendfliip  with  him 
during  the  reft  of  his  life.  He  had  refufed,  fome  time 
before  this,  a propofal  m.ade  by  the  erhprefs  of  Ruffia 
to  entruft  him  with  the  education  of  the  Grand  Duke  ; 
— a propofal  accompanied  with  all  the  flattering  offers 
that  could  tempt  a man,  ambitious  of  titles,  or  defirous 
of  making  an  ample  fortune  : but  the  objects  of  his 
ambition  were  tranquillity  and  ff  udy. 

In  the  year  1765,  he  publifhed  \\\%  Dijfertation  on  the 
DeJlru8ion  of  the  ffefuits.  This  piece  drew  upon  him 
a fwarm  of  adverfaries,  who  only  confirmed  the  merit 
and  credit  of  his  work  by  their  manner  of  attacking 
it. 

Befide  the  works  already  mentioned,  he  publifhed 
nine  volumes  of  memoirs  and  treatifes,  under  the  title 
of  Opufcules  ; in  which  he  has  refolved  a multitude  of 
problems  relating  to  aftronomy,  mathematics,  and  na- 
tural philofophy  ; of  which  his  panegyrill,  Condorcet, 
gives  a particular  account,  more  efpecially  of  thofe 
which  exhibit  new  fubjecffs,  or  new  methods  of  invef- 
tigatlon. 

He  publifhed  alfo  Elements  of  Mijfic  \ and  rendered, 
at  length,  the  fyftem  of  Rameau  intelligible  : but  he  did 
not  think  the  mathematical  theory  of  the  fonorous  body 
fufficient  to  account  for  the  rules  of  that  art» 
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In  the  year  1772  he  was  chofen  fecretary  to  the 
French  Academy  of  Sciences.  He  formed,  foon  after 
this  preferment,  the  defign  of  writing  the  lives  of  all 
the  deceafed  academicians,  from  1700  to  1772;  and 
in  the  fpace  of  three  years  he  executed  this  defign,  by 
compofing  70  eulogies. 

D’Alembert  died  on  the  29tli  of  Odlober  1785, 
being  nearly  66  years  of  age.  In  his  moral  charac- 
ter there  were  many  amiable  lines  of  candour,  modefly, 
difintereffednefs,  and  beneficence ; which  are  deferi- 
bed,  with  a diffufive  detail,  in  his  eulogium,  by  Con- 
dorcet, in  the  Hif.  de  I \Acadt  Royale  des  Sciences f 

As  it  may  be  curious  and  ufeful  to  have  in  one 
view  an  entire  lift;  of  d’Alembert’s  writings,  I fhall  here 
iniert  a catalogue  of  them,  from  Rozier’s  Nouvelk 
Eahle  des  Articles  contenus  dans  les  imlnmes  de  V Ac ade- 
mie  Royale  des  Sciences  de  Paris,  &c,  as  follows  : 

Eraite  de  Dynarnique,  in  410,  Paris,  1743.  The  2d 
ed.  in  1758. 

Eraite  de  f Equilihre  et  du  Mouvement  des  Fluides» 
Paris,  1744;  and  the  2d  edition  in  1770. 

Reflexions  fur  la  Canfe  Genirale  des  Vents ; which 
gained  the  prize  at  Berlin  in  17465  and  was  printed  at 
Paris  in  i 747,  in  4to.  ^ 

Recherches  fur  la  Precc£ion  des  Equinoxes,  lA  fur  la 
Nutation  de  V Axe  de  la  Eerre  dans  le  Syjlhne  Newtoniens 
Paris,  1749,  in  4to. 

EJfais  dh une  Nouvelle  Eheorte  du  Moiivement  des 
Flnides,  Paris,  1 75 2,  in  410. 

Recherches  fur  differens  Points  importans  du  Syjlcmc 
du  Monde,  Paris,  1754  and  1756?  3 vol,  in  4to. 

Elemens  de  Philofophie,  1759. 

Opufcules  Mathematiques , ou  jNlemoires  fur  differens 
Sjiijets  de  Geometric,  de  Mechaniques,  d’Optiques, 
d’Aftronomie.  Paris,  9 vol.  in  qto  ; 1761  to  1773. 

Elemens  de  Mufque,  theorique  & pratique,  fuivant 
les  Principes  de  M.  Rameau,  eclaires,  developpes,  6c 
fimplifies.  I vol.  in  8vo.  a Lyon. 

De  la  DeJlruBion  des  ’Jefuites,  1765* 

In  the  Memoirs  of  the  Academy  of  Paris  are  the 
following  pieces,  by  d’Alembert : viz, 

Precis  de  Dynamique,  I743»  164. 

Precis  de  I’Equilibre  6c  de  Mouvement  des  Fluides, 
1744,  Hift.  55.^ 

Methode  genA'ale  pour  dAerminer  les  Orbites  5c  les 
Mouvements  de  toutes  les  Planetes,  en  ayant  egard  a 
leur  aAion  mutuelle,  1745,  p.  365. 

Precis  des  Reflexions  fur  la  Caufe  Generale  des 
Vents,  1730,  Hill  41,  ^ 

Precis  des  Recherches  fur  la  Preceffion  des  Equi- 
noxes, et  fur  la  Nutation  de  I’Axe  de  la  Terre  dans 
le  Syffeme  Newtonien,  i7sO,  PJift.  134. 

Ejfii  d’une  Nouvelle  Theorie  fur  la  Refiftance  des 
Fluides,  1772,  Hill.  116. 

Precis  des  Effais  d’une  Nouvelle  Theorie  de  la  Re- 
fiffance  des  Fliiidts,  1753,  Hift.  289. 

Precis  des  Recherches  fur  les  differens  Points  im- 
portans du  Syfteme  du  Monde,  1754,  Hift.  123. 

Recherches  fur  la  Preceffion  des  bquinoxes,  6c  fur  la 
Nutation  de  I’Axe  de  la  Terre,  dans  PHypothefe  de  la 
Diffimiiitude  des  Meridiens,  i754»  p.  41 3 j Hift* 
I16. 

Reponfe  a un  Article  du  Meraoire  de  M.  I’Abb^  de 
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ra  Caille,  fur  la  Tlieorie'  du  Soled,,  1757)  P-  i45> 
Hill.  1 1 8. 

Addition^  ce  Memoire,  1777,  p.  567,  Hill.  118. 

' jPr/c/j  des  Opufcules  Mathematiques,  i 76 1,  HiH*  86. 

Precis  du  troifieme  volume  des  Opufcules  Mathema- 
tiques,  176^:},  Hill.  92. 

NoinAles  Recherches  fur  les  Verres  Optiques,  pour 
fervir  de  fuite  a la  thcorie  qui  eii  a etc  donnee  dans  Ic 
volume  3*^  des  Opufctiles  Mathematiques.  Premier 
Memoire,  1764,  p.  75,  Hill.  175. 

Nnnvelles  Recherches  fur  les  Verres  Optiques,  pour 
fervir  de  fuite  a la  theorie  qui  en  a ete  donnee  dans  le 
troifieme  volume  des  Opufcules  Mathematiques.  Se- 
cond Memoire,  176^:,  p.  53. 

Obfervations  {mc  les  Lunettes  Achromatiques,  1765, 
p.  53,  Kill.  119.  ^ 

Suite  des  Recherches  fur  les  Verres  Optiques. 
Troifieme  Memoire,  1767,  p.  43,  Hill.  153. 

Recherches  fur  le  Calcul  Integral,  1767,  p.  573. 

Accident  arrive  par  I’ExpIofion  d’une  Meule  d’Lmou- 
leur,  1 768,  Hid.  31. 

Precis  des  Opufcules  de  Mathematiques,  q®  5c  5^ 
volumes.  Leur  Analyfe,  1768,  Hid.  83. 

Recherches  fur  les  Mouvemens  de  I’Axc  d’linc  Flancte 
quelconque  dans  Phypothefe  de  la  Dlirimilltude  des  Me- 
ridienes,  1768  p.  i,  Hid.  95. 

Suite  des  Recherches  fur  les  Mouvemensj  5cc,  1768 
p.  332,  Hid.  93. 

Recherches  fur  le  Calcul  Integral,  1769,  p.  73. 

Memoire  fur  les  Principes  dc  la  Mech.  1769,  p.  278. 

And  in  the  Memoirs  of  tlie  Academy  of  Berlin,  are 
the  following  pieces,  by  our  autlior  : viz, 

Recherches  fur  le  Calcul  Integial,  premiere  partie, 

>74'5- 

Solution  de  quclqucs  problemcs  d’adronumie,  1747. 

Recherches  fur  la  com  be  que  forme  uiic  Corde  Teiidue, 
mife  en  Vibration,  i';^47. 

Suite  des  recherche^^  fur  le  Calcul  Integral,  1748. 

Lettre  a M.  de  Maupertuis,  1 749. 

Addition  aux  recherches  lur  la  courbe  que  forme  line 
Corde  Tendue  mife  en  Vibration,  i 750. 

Addition  aux  recherclies  fur  le  Calcul  Integral,  1730. 

Lettre  a M,  le  profelfeur  Formey,  1755. 

Extr,  de  differ,  lettres  a M.  de  la  Grange,  1763. 

Sur  les  Tautochrones,  1765.  * 

Extr,dQ  dider.  lettres  a M,  de  la  Grange,  1769. 

Alfo  in  the  Memoirs  of  Turin  are, 

Djjfferentes  Lettres  a M.  de  la  Grange,  en  1764  Sc. 
1765,  tom.  3 of  thefe  Memoirs. 

Recherches  fur  differens  fiijets  de  Math.  t.  4. 

ALFECCA,  or  Alfeta,  a name  given  to  the  dar 
commonly  called  Liicida  Coronse. 

ALFRAGAN,  Alfergani,  or  Fargani,  a cclc- 
bj-ated  Arabic  adronomer,  who  flouriflicd  about  the 
year  800.  He  was  fo  called  from  the  place  of  his  na- 
tivity, Fergan,  in  Sogdiana,  now  called  Maracanda,  or 
Samarcand,  anciently  a part  of  Badlria.  He  is  alfo 
called  Ahmed  (or  Muhammed)  ben-Cothair,  or  Katir. 
He  wTote  the  Elements  of  Adronomy,  in  30  chapters 
or  fedlious.  In  this  w'ork  the  author  chiefly  follows 
Ptolomy,  ufing  the  fame  hypothefes,  and  the  fame  terms, 
and  frequently  citing  him. 

There  are  three  Latin  tranflatlons  of  Alfragan’s 


work.  The  fird  was  made  in  the  1 2th  century,  by 
Joannes  Hifpalenfis  ; and  was  publiflicd  at  herrara  in 
T493,  and  at  Nuremberg  in  1537,  w itli  a preface  by 
Melandlhon.  The  fecond  was  by  James  ChrldnivAn, 
from  the  Flebrew  verfion  of  James  Antoli,  and  appeared 
at  Frankfort  in  i 390.  Chriflman*  added  to  the  flrd 
chapter  of  the  work  an  ample  commentary,  in  ■which  he 
compares  together  the  calendars  of  the  Romans,  the 
Egyptians,  the  Arabian's,  the  Perfians,  the  Syrians,  and 
the  Hebrews,  and  fhews  the  correfpondence  of  their 
years. 

The  third  and  bed  tranflatlon  W’'as  made  by  Golius, 
profeifor  of  mathematics  and  Oriental  languages  at 
Leyden:  this  woik,  wdiich  camo  out  in  1669,  after 
the  death  of  Golius,  is  accompanied  with  the  Arabic 
'text,  and  many  learned  notes  upon' the  fird  nine  chap- 
ters ; for  this  author  w^as  not  fpared  to  carry  them 
farther. 

ALGAROTI,  commonly  called  Count  AJgaroti,  a 
celebrated  Italian  of  tlie  prefent  century,  v.'cll  flcillcd  in, 
Architcdlure  and  the  Newtonian  philofophy,  See.  Al- 
garoti  was  born  at  Padua,  but  in  what  year  has  not 
been  mentioned.  Led  by  curiofity,  as  well  as  a defire 
of  improvement,  he  travelled  early  into  foreign  countries; 
and  was  very  young  when  lie  ariived  In  France  in  1 73b. 
It  was  here  that  he  compofed  his  Ne~vlonian  Philofophy. 
for  the  Ijcidiesy  as  Fontenclle  liud  done  his  Cartelian 
Adronomy,  in  the  work  intitled  '/ he  PiuraJily  of  IVorlds. 
He  was  much  noticed  by  the  king  of  Prudia,  who 
conferred  on  him  many  marks  of  hi^  edeem.  He  djed 
at  Pifa  the  23d  of  May,  1764,  and  gave  orders  for  lu’s 
own  maufolcum,  with  this  infeription  upon  it  ; Hie 
jacct  cllgarotiis,  fed  non  omnis.  He  was  elleemed  to  i)e, 
well  Ikillcd  In  painting,  fculptiirc,  and  architecture. 
His  works,  vvliich  are  numerous,  and  upoii  a variety^of 
fuhjeCls,  abound  witii  vivacity,  elegance,  and  wit  : a 
coliedtion  of  them  lias  lately  been  made,  and  printed 
at  Leghorn  ; but  that  for  which  he  is  chiefly  intitied 
to  a place  in  tin’s  work  is  his  Ne-wtonian  Philofufhy  for 
the  I^adies,  a fprlghtly,  ingenious,  and  popular  work. 

ALGEBRA,  a general  method  of  reiolvmg  ma- 
thematical problems  by  means  of  equations.  < )r,  it  is 
a method  of  performing  the  calculations  of  all  forts  of 
quantities  by  means  of  general  figns  or  characters.  At 
fil'd,  numbers  and  things  w’ere  cxprclfed  by  their  names, 
at  full  length ; bn.t  afterwards  thefe  w'ere  abridged, 
and  the  initials  of  the  words  ufed  indead  of  them  ; and, 
as  the  art  advanced  fartlier,  the  letters  of  the  alphabet 
came  to  be  employed  as  general  icprefeiitatlons  of  all 
forts  of  quantities  ; and  other  marks  w'cre  gradually 
introduced,  to  exprefs  ad  forts  of  operations  and  com- 
binations;' ib  as  to  entitle  it  to  didcrent  appellations — 
univerfal  arithmetic,  and  literal  arithmetic,  and  the 
aritlimetic  of  figns. 

Tile  etymology  of  the  name,  Algehra,  is  given  iif 
various  ways.  It  is  pretty  certain,  however,  that  the 
word  is  Arabian,  and  that  from  thofe  people  we  had 
the  name,  as  w^ell  as*  the  art  itfclf,  as  is  tedi/ied  by 
I^ucas  le  Burgo,  the  fird  European  author  w'hofe  trea- 
tife  w'as  printed  on  this  art,  and  who  alfo  refers  to  for- 
mer authors  and  maders,^from  w'hofe  writings  he  had 
learned  it.  The  Arabic  name  he  gives  it,  is  Alghehrci 
e.  Almucabcihiy  W’hich  is  explained  to  fignify  the  art  of 
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rejlduhon  avJ.  comparifon^  cr  oppcfition  and  companfon^  Or 
refolution  and  equation^  all  which  agree  well  enough  with 
the  nature  of  this  art.  Some  however  derive  it  from 
various  other  arabic  A^mrds  ; as  from  Geber,  a celebrat- 
ed philofopher,  chemift,  and  mathematician,  to  whom 
alfo  they  aferibe  the  invention  of  this  fcience  : home 
likewife  derive  it  from  the  word  Geber,  which  with  the 
particle  <7/,  makes  Algeber,  which  is  purely  Arabic, 
and  figniiies  the  reduftion  of  broken  numbers  or  frac- 
tions to  integers. 

. But  Peter  Ramus,  in  tlie  beginning  of  his  Algebra, 
■fays  “ the  name  Algebra  is  Syriac,  fignifying  the  art 
and  doefrine  of  an  excellent  man.  For  Gehcr^  in  Syriac, 
is  a name  applied  to  men,  and  isfometimes  a term  of  ho- 
nour, as  mailer  or  dodlor  among  us.  That  there  was  a 
certain  learned  mathematician,  who  fent  his  Algebra, 
written  in  the  Syriac  language,  to  Alexander  the  Great, 
and  he  named  it  Almucahala.  that  is,  the  book  of  dark  or 
myilenous  things,  which  others  would  rather  call  the 
■dodfrine  of  Algebra.  And  to  this  day  the  fame  book 
is  in  great  eilimation  among  the  learned  in  the  oriental 
nations,  and  by  the  Indians  who  cultivate  this  art  it  is 
called  Aljahra^  and  Allorct  ; tliougR  the  name  of  the 
author  himfelf  is  not  known.”  But  Ramus  gives  no 
authority  for  this  lingular  paragraph.  -It  has  however 
on  various  occallons  been  dilliiiguillied  by  other  names. 
Ibucas  Paciolus,  or  de  Burgo,  in  Italy,  called  it  PAtie 
^'laglor^  : ditta  dal  'vufgo  la  Rcgola  de  la  Cofa  over  AI~ 
ghchra  c Ahuicabala  ",  calling  it  P Arte  Magiore,  or  the 
greater  ait,  to  dillinguifh  it  from  common  arithmetic, 
which  is  called  P Arte  P/linore^  or  the  lelTer  art.  It  feems 
tco  that  itdiad  been  long  and  commonly  known  in  his 
country  by  the  name  Rtgola  de  la  Cofa,  or  Rule  of  the 
Thing',  from  whence  came  our  rule  of  cofs,  cofic  num- 
bers, and  fucb  like,  terms.  Some  of  liis  countrymen 
followed  his  denomination  of  the  ait ; but  other  Italian 
and  Latu.i  writers  called  it  Regida  rei  cerfus,  the  rule 
of  the  thing  and  the  produdt,  or  the  root  and  th-e 
i'quare,  as  the  unknown  quantity  in  their  equations 
commonly  afeended  no  higher  than  the  fquare  or  fecorid 
power.  From  this  Italian  word  cenfus,  pronounced 
ehenfiis,  came  tlie  barbarous  wmrd  %en%us,  ufed  by  the 
Ge  rmans  and  others,  for  quadratics  ; with  the  feveral  zen- 
zic  or  fquare  roots.  And  hence  9f,  3?  Cf>  which 
are  derived  from  the  letters  r,  z,  c,  the  initials  of  res, 
zenzus,  culms,  or  root,  fquare,  cube,  came  to  be  the 
hgns  or  charadlers  of  thefe  words  : like  as  iy  and  f , 
derived  from  the  letters  R,  r,  became  the  hgns  of  radi- 
cality. 

Later  authors,  and  other  nations,  ufed  fome  the  one 
€if  thofe  names,  and  fome  another.  It  was  alfo  called 
Specious  Arithmetic  by  Vieta,  on  account  of  the  fpecies, 
or  letters  of  the  alphabet,  which  he  brought  into  ge- 
neral ufe ; and  by  Newton  it  was  called  Unlverfal 
Arithmetic.,  from  the  manner  in  which  it  performs  all 
arithmetical  operations  by  general  fymbols,  or  indeter- 
minate quantities. 

Some  authors  define'  algebra  to  be  the  art  of  rcfolving 
mathematical  problems : but  this  is  the  idea  of  analyfis, 
or  the  analytic  art  in  general,  rather  thau  of  algebra, 
wdiich  is  only  one  particular  fpecies  of  it. 

Indeed  algebra  properly  confifls  of  two  parts : firfl, 
the  method  of  calculating  magnitudes  or  quantities,  as 
repreknted  by  letters  or  other  characters : and  fecondly 
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the  manner  of  applying  thefe  calculations'  in  the  folu» 
tion  of  problems. 

In  algebra,  as  applied  to  the  refolution  of  problems, 
the  firfl  bufmefs  is  to  tranflate  the  problem  out  of  the 
common  into  the  algebraic  language,  by  expreffing  all' 
the  conditions  and  quantities,  both  known  and  un- 
known, by  their  proper  cliaraClers,  arranged  in  an 
equation,  or  feveral  equations  if  neceiTary,  and  treat- 
ing the  unknown  quantity,  whether  it  be  number,  01* 
line,  or  any  other  thing,  in  the  fame  way  as  if  it  were 
a known  one  : this  forms  the  compofition.  Then  the  ■- 
refolution,  or  analytic  part,  is  the  difentangling  the  un- 
known quantity  from  the  feveral  others  with  which  it 
is  conneCled,  fo  as  to  retain  it  alone  on  one  fide  of  the 
equation,  while  all  the  other,  or  known,  quantities, 
are  colleCted  on  the  other  fide,  and  fo  giving  the  value 
of  the  unknown  one.  And  as  this  difentangling  of  the 
quantity  fought,  is  performed  by  the  converfe  of  the 
operations  by  which  it  is  conneCled  with  the  others, 
taking  them  always  backwards  In  the  contrary  order, 
it  hence  becomes  a fpecies  of  the  analytic  art,  and  is 
called  the  modern -analyfis,  in  contradiflinClion  to  the 
ancient  analyfis,  which  chiefly  refpeCled  geometry,  and 
its  applications. 

There  have  aiifen  great  controverfies  and  fharp  difi- 
putes  among  authors,  concerning  the  hiftory  of  the 
progrefs  and  Improvements  of  Algebra;  arifing  partly 
from  the  partiality  and  prejudices  which  are  natural  to 
all  nations,  and  partly  from  the  v.'^ant  of  a clofer  exa- 
mination of  the  works  of  the  older  authors  on  this  fub- 
jeCl.  From  thefe  caufes  it  has  happened,  that  the  im- 
provements made  by  the  writers  of  one  nation,  have 
been  aferibed  to  thofe  of  another  ; and  the  difeoveries  of 
an  earlier  author,  to  fome  one  of  much  later  date.  Add  to 
this  alfo,  that  the  peculiar  methods  of  many  authors 
have  been  deferibed  fo  little  in  detail,  that  oiir  informa- 
tion derived  from  fuch  hiflorics,  is  but  very  imperfect, 
and  amounting  only  to  fome  general  and  vague  ideas  of 
the  true  ftate  of  the  arts.  To  remedy  this  inconveni- 
ence therefore,  and  to  reform  this  article,  I have  taken 
the  pains  carefully  to  read  over  in  fucceffion  all  the  old- 
er authors  on  this  fiibjedl,  which  I have  been  able  to 
meet  with,  and  to  write  down  dillindlly  a particular  ac- 
count and  defeription  of  their  feveral  compofitions,  as 
to  their  contents,  notation,  improvements,  and  pecu- 
liarities ; from  the  comparlfon  of  all  which,  I have  ac- 
qulrecl  an  idea  more  precife  and  accurate  than  it  was  pof- 
fible  to  obtain  from  other  hi flories,  and  in  a great  many 
inflances  very  difi'erent  from  them.  The  full  detail  of 
thefe  deferiptions  would  employ  a volume  of  Itfelf, 
and  would  be  far  too  extenfive  for  this  place  : I muft 
therefore  limit  this  article  to  a very  brief  abridgment  of 
my  notes,  remarking  only  the  moil  material  circum- 
ftances  In  each  author ; from  which  a general  idea  of 
the  chain  of  improvements  may  be  perceived,  from  the 
firfl  rude  beginnings,  down  to  the  more  perfedl  ftate  ; 
from  which  it  will  appear  that  the  dllcoveries  and  Im- 
provements made  by  any  one  Angle  author,  are  fcarcely 
ever  either  very  great  or  numerous;  but  that,  on  the 
contrary,  the  improvements  are  alraofl  always  very  flow 
and  gradual,  from  former  writers,  fucceffively  made, 
not  by  great  leaps,  and  after  long  intervals  of  time, 
but  by  gradations  which,  viewed  in  fucceffion,  become 
almolt  imperceptible. 
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As  to  the  origin  of  the  analytic  art,  of  which  Alge- 
bra is  a fpecies,  it  is  doiibtlefs  as  old  as  any  fcience  in  the 
world,  being  the  natural  method  by  which  the  mind  in- 
veftigates  truths,  caufes,  and  theories,  from  their  ob- 
ferved  effefts  and  properties.  Accoidingly,  traces  of 
it  are  obfervabl.e  in  the  works  of  tlie  carliell  philofo- 
phers  and  mathematicians,  the  fubjeft  of  whofe  cnqin- 
lies  moil  of  any  require  the  aid  of  fuch  an  art.  And 
this  procefs  cenftituted  their  Analytics.  Of  that  pait 
of  analytics  however  which  is  properly  called  Algebra, 
the  oldeft  treatlfe  which  has  come  down  to  us,  is  that 
of  Diophantus  of  Axlexandria,  who  dourlflied  about  the 
year  350  after  Cbrih,  and  who  wrote,  in  the  Greek  lan- 
guage, r ^ books  of  Algebra  01  Arithmetic,  as  mentioned 
byhlmfelfat  the  end  ofhisaddrefs  to  Dionyfius,  though 
only  6 of  them  have  hitherto  ])een  printed  ; and  an  Im- 
-yerfedt  book  on  multangular  numbers,  namely  in  a 
Latin  tranflation  only,  by  Xilander,  in  the  year  1575, 
and  afterwards  in  1621  and  1670  in  Greek  and  Latin 
by  Gafpar  bachet.  Thefe  books  however  do  not  con- 
tain a treatife  on  the  elementary  parts  of  Algebra,  but 
only  coliedtions  of  difficult  quellions  relating  to  fquare 
and  cube  numbers,  and  other  curious  properties  of 
numbers,  with  their  folutlons.  And  Diophantus  only 
prefaces  the  books  by  an  addrefs  to  one  Dionyhus, 
for  whofe  ufe  it  was  probably  written,  in  which  he 
juft  mentions  certain  precognita,  as  it  were  to  prepare 
him  for  the  problems  themfelves.  In  thefe  remarks  he 
ihevvs  the  names  and  generation  of  the  powers,  the 
fquare,  cube,  qtb,  ^tli,  6tb,  &c,  which  he  calls  dyna- 
mis,  cubus,  dynamodinamls,  dyiiamocubus,  cubocii- 
bus,  according  to  the  fum  of  the  indices  of  the  powers  ; 
and  he  marks  thefe  powers  with  the  initials  thus  k, 
00'',  ^yJ'f  y.K\  &c  ; the  unknown  quantity  he  calls  fimply 
apGjUo?,  niimerus^  the  number  ; and  in  the  folutlons  he 
commonly  marks  it  by  the  final  thus  ? ; alfo  he  denotes 
the  monades,  or  indefinite  unit,  by  pA  Diophantus  there 
remarks  on  the  multiplication  and  divifion  of  fimple  fpe- 
cies together,  ffiewlng  what  powers  or  fpecies  they  pro- 
duce ; declares  that  minus  (Xei-i]/ic)  multiplied  by  minus 
produces  plus  (t;9raj:|tv)  ; but  that  minus  multiplied  by 
plus,  produces  minus  ; and  that  the  mark  iifed  for  mi- 
nus is  4'.,  namely  the  inverted  and  curtailed,  but  f.c 
ufes  no  mark  for  plus,  biit-a  word  or  conjundlion  copu- 
lative. As  to  the  operations,  viz.  of  addition,  fub- 
tradfion,  multiplication,  and  divifion  of  compound 
fpecies,  or  thofe  connedfed  by  plus  and  minus,  Dio- 
phantus does  not  teach,  but  fuppofes  his  reader  to 
know  them.  He  then  remarks  on  the  preparation 
or  fimplifying  of  the  equations  that  arc  derived  from 
the  quellions,  which  we  call  redudlion  of  equations, 
by  colledling  like  quantities  together,  adding  quan- 
tities that  are  minus,  and  fubtradling  fuch  as  are 
plus,  called  by  the  moderns  Tranfpofition,  fo  as  to  bring 
the  equation  to  fimple  terms,  and  then  depreffing  it  to 
a lower  degree  by  equal  divifion  when  the  powers  of  the 
unknown  quantity  are  in  every  term  : which  prepara- 
tion, or  redudlion  of  the  complex  equation,  being  now 
made,  or  reduced  to  what  we  call  a final  equation,  Dio- 
phantus goes  no  farther,  but  barely  fays  what  the  root 
or  7rs  igjuAa  is,  without  giving  any  rules  for  finding  it, 
or  for  the  reiolution  of  equations;  thereby  intimating 
that  fuch  rules  were  to  be  found  in  fome  other  work, 
done  cither  by  himfelf  or  others.  Of  the  body  of  the 
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work,  Lzh.  I contains  43  qtieftions,  concerning  one, 
two,  three,  or  four  unknown  numbers,  having  certain 
relations  to  each  other,  viz.  concerning  their  fums,  dif- 
ferences, ratios,  produdls,  fquares,  fums  and  dlfiercn- 
ces  of  fquares,  &c  ; but  none  of  them  concerning 
either  fquare  or  cubic  numbers.  Lib.  2 contains  36 
quellions.  Tlie  firft  five  quellions  are  concerning  two 
numbers,  though  only  one  condition  is  given  in  each 
qtieftion  ; but  he  fupplies  another  by  alfuming  the  num- 
bers in  a given  ratio,  viz.  ns  2 to  i.  The  6th  and  7tK 
contain  each  two  conditions;  then  in  the  8th  queftiori 
he  111  ft  comes  to  treat  of  fquare  numbcis,  which  is  this, 
to  divide  a given  fquare  number  into  two  other  fquares  ; 
and  the  9th  is  the  fame,  but  performed  in  a dificrent 
way  : the  reft,  to  the  end,  are,  almcll  all,  about  one, 
two,  or  three  fquares.  Lih.  3 contains  24  quellions 
concerning  fquares,  chiefly  including  three  or  four  num- 
bers. L/ib.  4 begins  with  cubes  ; the  firft  of  which  is 
this,  to  divide  a given  number  into  two  cubes  whofe 
lides  fiiall  have  a given  fum  : here  lie  has  occafion  to 
cube  the  two  binomials  5 4 « and  3 — n ; the  manner  of 
doing  which  fliews  that  he  knew  the  compofitlon  of  the 
cube  of  a binomial;  and  many  other  places  manifeft  the 
fame  thing.  Only  part  of  the  epiellions  in  this  book 
are  concerning  cubes  ; the  reft  are  relating  to  fquares. 
Two  or  three  queftlons  in  this  book  have  general  lolii- 
tions,  ;md  the  tlieorems  deduced  are  general,  and  for  any 
numbers  indefinitely  ; but  all  the  other  quellions,  in  all 
the  four  books,  find  only  particular  numbers.  Lib.  5 is 
alfo  concerning  fquare  and  cube  numbers,  but  of  a more 
difficult  kind,  beginning  with  feme  that  relate  to  num- 
bers in  geometrical  progrefiion.  Lib.  6 contains  26  pro- 
pofitions,  concerning  right-angled  triangles  ; fuch  as  to 
make*  their  lidcs,  areas,  perimeters,  &c,  &:c,  fquare-S 
or  cubes,  or  rational,  See.  In  fom.e  parts  of  this  book 
it  appears,  that  he  was  acquainted  with  the  compofitlon 
of  tlic  4th  power  of  the  binomial  root,  as  he  fets  down  all 
the  terms  of  it ; and,  from  his  great  lleill  in  fuch  matters, 
it  feems  probable  that  he  was  acquainted  with  the  compo- 
fition  of  otl’.cr  higher  powers,  and  with  other  parts  of  Al- 
gebra, belides  what  arc  here  treated  of.  At  the  end  is  part 
of  a book,  in  i o propofitions,concernlngarlthmetical  pro- 
greffions,  and  multangular  or  polygonal  numbers.  Dio- 
phantus once  mentions  a compound  quadratic  equation  ; 
but  the  I'efolntion  of  his  quellions  is  by  fimple  equa- 
tions, and  by  means  of  only  one  unknown  letter  or  cha- 
racler,  which  he  choofes  lo  ingenioully,  that  all  the 
other  unknown  quantities  in  the  queftion  are  eafily  ex- 
prelfed  by  it,  and  the  final  equation  reduced  to  the  fim- 
pleft  form  which  it  feems  the  queftion  can  admit  of. 
Sometimes  he  fubftitutes  for  a number  fought  immedi- 
ately, and  then  cxprelTes  the  other  numbers  or  condi- 
tions by  it : at  other  times  he  fubftitutes  for  the  fum  or 
difference,  Sec,  and  thence  derives  the  reff,  fo  as  always 
to  obtain  the  expreffions  in  the  fimpleft  form.  Thus, 
if  the  fum  of  two  numbers  be  given,  he  fubftitutes  for 
their  difterence  ; and  if  the  dilleience  be  given,  he  fub- 
ftitutes for  their  fum  ; and  in  both  cafes  he  has  the  two 
numbers  eafily  (.xprefled  by  adding  and  fubtradling  the 
half  fum  and  half  difterence  ; and  fo  in  other  calcs  he 
ufes  other  linular  ingenious  notations.  In  Ihort,  the 
cliicf  excellence  in  this  colledlion  of  quellions,  which 
feems  to  be  only  a fet  of  exerclfes  to  fome  rules  which 
had  been  given  elfewliere,  is  the  neat  mode  of  fubftitu- 
tion  or  notation  ; which  being  oiicO  made,  the  rcduc- 
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tfon  to  t!ie  final  equation  is  eafy  and  evident : and  there 
he  leaves  the  folution,  only  mentioning  that  the  root  or 
«p0/^o5'is  fo  much.  Upon  the  whole,  this  work  is  treated 
in  a very  able  and  mallerly  manner,  manifefting  the  iit- 
moil  addrefs  and  knowledge  in  the  folntions,  and  for- 
cing a perfuafion  that  the  author  was  deeply  flcilled  in 
the  fcience  of  Algebra,  to  fome  of  the  moll  abilrufe 
parts  of  which  thefe  que [lions  or  exercifes  relate.  How- 
ever, as  he  contrives  his  alfumptions  and  notations  fo 
as  to  reduce  all  his  conditions  to  a fimple  equation,  or 
at  leail  a fimple  quadratic,  it  does  not  appear  what  his 
knowledge  was  in  the  refolution  of  compound  or  affedt- 
ed  equations. 

Eut  althougliDiophantus  was  the  firfl  author  on  Alge- 
bra that  we  now  know  of,  it  was  not  from  him,  but  from 
the  Moors  or  Arabians  that  we  received  the  knowledge 
of  Algebra  in  Europe,  as  well  as  that  of  moft  other 
fciences.  And  it  is  matter  of  difpute  who  were  the 
fiilt  inventors  of  it  ; fome  afcribing  the  invention  to 
the  Greeks,  while  others  fay  that  the  Arabians  had  it 
from  the  Perfians,  and  thefe  from  the  Indians,  as  wUl 
as  the  arithmetical  method  of  computing  by  ten  cha- 
radlers,  or  digits  ; but  the  Arabians  themfelves  fay  it 
w^as  invented  amongft  them  by  one  Mahomet  hen  Mufa^ 
or  foil  of  Mofes,  who  it  feems  flourilhed  about  the  8th 
or  9th  century.  It  is  mere  probable,  however,  that 
Mahomet  w'as  not  the  inventor,  but  only  a perfon  well 
ikilled  in  the  art ; and  it  is  farther  probable,  that  the 
Arabians  drew  their  firft  knowledge  of  it  from  DIo- 
phantus  or  other  Greek  writers,  as  they  did  that  of 
Geometry  and  other  fciences,  which  they  improved  and 
tranflated  into  their  owm  language ; and  from  them  it 
was  that  we  received  thefe  fciences,  before  the  Greek 
authors  w'ere  knowm  to  us,  after  the  Moors  fettled  in 
Spain,  and  after  the  Europeans  began  to  hold  commu- 
nications with  them,  and  that  our  countrymen  began 
to  travel  amongfl;  them  to  learn  the  fciences.  And  ac- 
cording to  the  teftimony  of  Abiilphavagius,  the  Arith- 
metic of  DIophantus  was  tranflated  in  Arabic  by  Ma- 
homet ben-yahya  Bazianl.  But  whoever  were  the 
inventors  and  firft  cultivators  of  Algebra,  it  is  certain 
that  the  Europeans  firft  received  the  knowledge,  as 
well  as  the  name,  from  the  Arabians  or  Moors,  in  con- 
feqiience  of  the  clofe  intercourfe  which  fubhfted  be- 
tween them  for  feveral  centuries.  And  it  appears  that 
the  art  was  pretty  generally  known,  and  much  culti- 
rated,  at  lead  in  Italy,  if  not  in  other  parts  of  Europe 
alfo,  long  before  the  invention  of  printing,  as  many 
writers  upon  the  art  are  ftill  extant  in  the  libraries  of 
manuferipts  ; and  the  firft  authors,  ])refently  after  the 
invention  of  printing,  fpeak  of  many  former  wTiters 
on  .this  fubjedl,  from  whom  they  learned  the  art. 

It  was  chiefly  among  the  Italians  that  this  art  was 
Srft  cultivated  in  Europe.  xAnd  the  firft  author  whofe 
works  Y/e  have  in  print,  was  Lucas  Paciolus,  or  Lucas 
de  Burgo,  a Cordelier,  or  Minorite  Friar.  He  wrote 
feveral  treatlfes  of  Arithmetic,  Algebra,  and  Geome- 
try, which  were  printed  in  the  years  1470,  1476,  1481, 
1487,  and  in  1494  his  principal  work,  intitled  Siimma 
de  Arithmetical  Geometria^  Proportion'll  et  Proport'wnal'ita^ 
Js  a very  mafterly  and  complete  treatife  on  thofe  feien- 
ees,  as  they  then  flood.  In  this  work  he  mentions  va- 
rious former  writers,  as  Euclid,  St,  Auguftine,  Sacro- 
hofeo  or  Halifax,  Boetius,  Prodocimo,  Giordano^ 


Biagio  da  Parma,  and  Leonardus  Pifanus,  from  who?^ 
he  learned  thofe  fciences.  The  order  of  the  work  is, 
I ft  Arithmetic,  2d  Algebra,  and  3d  Geometry.  Of 
the  Arithmetic  the  contents,  and  the  order  of  them, 
are  nearly  as  follow.  Firft,  of  numbers  figurate,  odd 
and  even,  perfect,  prime  and  compofite,  and  many- 
others.  Then  of  Common  Arithmetic  in  7 parts,  namely^ 
numeration  or  notation,  addition,  fubtradlion,  multi- 
plication, divifion,  progreflion,  and  extradlion  of  roots. 
Before  him,  he  fays,  duplation  and  mediation,  or  dou- 
bling and  halving,  were  accounted  two  rules  in  Arithme- 
tic ; but  that  be  omits  them,  as  being  included  in  multi- 
plication and  divifion.  He  afcribes  the  prefent  notation- 
and  method  of  Arithmetic  to  the  Arabs  ; and  fays  that 
according  to  fome  the  word  Ahaco  is  a corruption  of 
Modo  Arab'ico,  but  that  according  to  others  it  was  from 
a Greek  word.  All  thofe  primary  operations  he  both  per- 
forms and  demonftrates  in  various  ways,  many  of  which 
are  not  in  ufe  at  prefent,  proving  them  not  only  by 
what  is  called  calling  out  the  nines,  but  alfo  by  calling 
out  the  fevens,  and  otherwife.  In  the  extradlion  of 
roots' he  ufes  the  initial  for  a root ; and  when'the 
roots  can  be  extradred,  he  calls  tliem  diferete  or  ra- 
tional ; otherwife  furd,  or  indiferete,  or  irrational.  The 
fquare  root  is  extradled  much  the  fame  way  as  at  pre- 
fent, namely,  dividing  always  the  laft  remainder  by 
double  the  root  found  ; and  fo  he  continues  the  furd 
roots  continually  nearer  and  nearer  in  vulgar  fradlionso 
Thus,  for  the  root  of  6,  he  firfts  finds  the  neareft  whole 
number  2,  and  the  remainder  2 alfo  ; then  * or  \ is  the 
firft  corredlion,  and  2-^  the  fecond  root:  its  fquare  is  6^, 
therefore  divided  by  5,  or  is  the  next  corredtion, 
and  2^  minus  2 is  the  3d  root : its  fquare  is 

therefore  divided  by  4 y%>  or  is  the  3d 

corredtion,  wdilch  gives  2y3jV'&  ^or  the  4th  root,  whofe 
fquare  exceeds  6 by  only  -3 con- 
tinually : and  this  procefs  he  calls  approximation.  He 
obferves  that  fradlions,  which  he  fets  down  the  fame 
way  as  we  do  at  prefent,  are  extradled,  by  taking  the 
root  of  the  denominator,  and  of  the  denominated,  for 
fo  he  calls  the  numerator  ; and  when  mixed  numbers 
occur,  he  diredts  to  reduce  the  whole  to  a fradtion,  and 
then  extradl  the  roots  of  its  two  terms  as  above  : as  if 
it  be  I2f  ; this  he  reduces  to  and  then  the  roots  give 
I;  or  3-^  : in  like  manner  he  finds  that  4-h  Is  the  root  of 
20^  ; the  root  of  30^  ; “ and  fo  on  (he  adds)  in 
infinitum  'A  which  jliev/s  that  he  knew  how  to  form  the 
feries  of  fquares  by  addition.  He  then  extradls  the 
cube  root,  b,y  a rule  much  the  fame  as  that  which  Is 
ufed  at  prefent  ; from  which  it  appears  that  he  was 
well  acquainted  with  the  co-efficients  of  the  binomial 
cubed,  namely  i,  3,  3?  i ; and  he  diredls  how  the 
operation  may  be  continued  “ In  infinitum^’  in  fradlions,,, 
like  as  in  the  fquare  root.  After  this,  he  deferibes 
geometrical  methods  for  extradling  the  fquare  and  cube 
roots  inftrumentally  : he  then  treats  profeffedly  of  vulgar 
fradlions,  their  redndlions,  addition,  fiibtradlion,  and 
other  operations,  much  the  fame  as  at  prefent  : then  of 
the  rule-of-three,  gaiii-and-iofs,  and  other  rules  ufed  by 
merchants. 

Paciolus  next  enters  on  the  algebraical' part  of  this 
work,  which  he  calls  Id  Arte  Magiore  ; dltta  dal  vulgo 
la  Regola  dela  Cofa^  over  Alghehrae  Almucabala  A’  wdilch 
laft  naaie  he  explains  by  reJlanraUo  lA  oppcjlt'io,  and, 

affigna^ 
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ifiigtis  as  a feafon  for  the  firft  name,  becaufe  it  treats  of 
things  above  the  common  affairs  in  bufinefs,  which 
make  the  Afte  Minore,  Here  he  afcribes  the  invention 
of  Algebra  to  the  Arabians,  and  denominates  the  feries 
of  powers;  with  their  marks  or  abbreviations,  as  n^. 
or  numero^  the  abfoliite  or  known  number  ; co.  or  cofa^ 
the  thing  or  ift  power  of  the  -unknown  quantity  ; ce. 
or  cenfo^  the  produ<5f  or  fquare  ; cu,  or  cuho,  tlie  cube, 
or  3d  power  ; ce^  ce.  or  cenfo  cle  cenjc^  the  fquare-fquared, 
or  4th  power  ; r®.‘or  primo  relato^  or  ^th  power  ; 
ce.  cu.  or  cenfo  de  cuho,  tlie  fquare  of  the  cube,  or  6th 
power;  and  fo  on,  compounding  the  names  or  indices 
accordingto  the  multiplication  of  the  numbers  2,  3,  See, 
and  not  according  to  their  fum  or  addition,  as  ufed  by 
Diophantus.  He  deferibes  alfo  the  other  characters 
made  ufe  of  in  this  part,  which  are  for  the  moll  part  no 
more  than  the  initials  or  other  abbreviations  of  the  words 
themfelves  ; as  K,  for  radic'i,  the  root  ; ly-  R*  rndici  de 
radici,  the  root  ot  the  root  ; R;  u.  rad'ici  unlvejfale,  or 
radicl  legata,  or  rad'ici  unita  ; R cu,  radici  cuba  ; and 

quantita,  quantity;  p for  pin  or  plus,  and  m for 
meno  or  minus ; and  he  remarks  that  the  necelhty  and 
life  of  thefe  two  lafl  charadters  are  for  conncdling,  by 
addition  or  fubtradlion,  dilferent  powers  together  ; as 
3 co.  p,  4 ce.  m.  j cu,  p,  2 ce.  ce.  m.  6 that  is,  3 
coja  piu  4 cenfa  meno  3 cuho  piu  2 cenfa-cenfa  meno 
6 nunieri,  or,  as  we  now  write  the  fame  thing, 

— 6.  He  firll  treats  very  fully  of  pro- 
portions and  proportionalities,  both  arithmetical  and 
geometrical,  accompanied  with  a large  collection  of 
queilions  concerning  numbers  in  continued  proportion, 
refolved  by  a kind  of  Algebra.  He  then  treats  of  el  Ca- 
taym,  which  he  fays,  according  to  fomc,  is  an  Arabic  or 
Phcnician  word,  and  fignifies  the  Double  Rule  of  Falfe 
Polition  : but  he  here  treats  of  both  fmgle  and  double 
pofition,  as  we  do  at  prefent,  dividing  the  el  Cataym  into 
fmgle  and  double.  He  gives  alfo  a geometrical  demon- 
ftration  of  both  the  cafes  of  the  errors  in  the  double 
rule,  namely  when  the  errors  are  both  plus  or  both 
minus,  and  when  the  one  en-or  ia  plus  and  the  other 
minus;  and  adds  a large  colledlion  of  queftions,  as  ufual. 
He  then  goes  through  the  common  operations  of  Al- 
gebra, with  all  the  variety  of  figns,  as  to  plus  and  minus ; 
proving  that,  in  multiplication  and  divifion,  like  figns 
give  plus,  and  unlike  figns  give  minus,  fie  next  treats 
of  different  roots  in  hifinitum,  and  the  extraction  of 
roots;  giving  alfo  a copious  treatife  on  radicals  or  furds, 
as  to  their  addition,  fubtraCfion,  multiplication  and 
divifion,  and  that  both  in  fquare  roots  and  cube  roots, 
and  in  the  two  together,  much  the  fame  as  at  prefent. 
He  makes  here  a digreffion  concerning  the  13  lines  in 
the  loth'book  of  Ruclid,  treating  them  as  furd  numbei's, 
and  teaching  the  extraftion  of  the  roots  of  the  fame, 
or  of  compound  furds  or  binomials,  fuch  as  of  p R 
448,  or  of  R 18  yi  R 10;  and  gives  this  rule,  among 
feverai  others,  namely  : Divide  the  firlt  term  of  the  bi- 
nomial into  two  fuch  parts  that  their  prodiift  may  he 
of  the  number  in  the  fecond  term  ; then  the  roots  of 
thofe  two  parts,  coniiedted  by  their  proper  fign  p or 
is  the  root  of  the  binomial ; as  in  tin's  23  R 448,  the 
two  parts  of  23  are  7 and  16,  vvhofe  produCf  , 1 1 2,  Is  ^ 
of  448,  therefore  their  roots  give  4 R 7 for  the  root 
R in  23  y>  R 44^*  treats  of  equations  both 

sample  and  quadratio,  or  fimplc  and  compound,  as  he 


calls  it ; and  this  latter  he  performs  by  completing  the 
fquare,  and  then  extrafling  the  root,  juft  as  we  do  at 
prefent.  He  alfo  refolves  equations  of  the  fimple  4th 
power,  and  of  the  4th  combined  with  the  2d  power, 
which  he  treats  the  lame  way  as  quadratics  ; expreffing  , 
his  rules  in  a kind  of  bad  verfe,  and  giving  geometrical, 
demonllrations  of  all  the  cafes.  He  ufes  both  the  roots 
or  values  of  the  unknown  quantity.  In  that  cafe  of  the 
quadratics  which  has  two  pofitive  roots  ; but  he  takes 
no  notice  of  the  negative  roots  In  the  other  two  cafes. 
But  as  to  any  other  compound  equations,  fuch  as  the 
cube  and  any  other  power,  or  the  4th  and  ift,  or  4tli 
and  3d,  &c,  he  gives  them  up  as  Impoftible,  or  at  leaft 
fays  that  no  general  rule  has  yet  been  found  for  them, 
any  more,  he  adds,  than  for  the  quadrature  of  the  circle. 

— The  remainder  of  this  part  is  employed  on  rules  in 
trade  and  merchandife,  fuch  as  Fellowfiiip,  Barter,  Ex- 
change, Intereft,  Compofition  or  Alligation,  with 
various  other  cafes  in  trade.  And  in  the  third  part  of 
the  work,  he  treats  of  Geometry,  both  theoretical  and 
pradlicah 

From  this  account  of  Lucas  de  Burgo^s  book,  we 
may  perceive  what  was  the  ftate  of  Algebra  about  the 
year  1500,  In  Europe  ; and  probably  it  was  much  the 
lame  in  Africa  and  Alia,  fi*om  whence  the  Europeans 
had  it.  It  appears  that  their  knowledge  extended  only 
to  quadratic  equatioOvS,  of  which  they  ufed  only  the 
pofitive  roots ; that  they  ufed  only  one  unknown 
quantity  ; that  they  had  no  marks  or  figns  for  either 
quantities  or  operations,  excepting  only  fome  few  ab- 
breviations of  the  words  or  names  themfelves  ; and 
that  the  art  was  only  employed  in  refolving  certain  nu- 
meral problems.  So  that  either  the  Africans  had  not 
carried  Algebra* beyond  quadratic  equations,  or  elfe  the 
Europeans  had  not  learned  the  whole  of  the  art,  as  It 
was  then  known  to  the  former.  And  indeed  It  is  not 
improbable  but  this  might  be  the  cafe  : for  whether  the 
art  was  brought  to  us  by  an  European,  who,  travelling 
in  Africa,  there  learned  it ; or  whether  it  was  brought 
to  us  by  an  African  ; in  either  cafe  we  might  receive 
the  art  only  In  an  imperfedl  ftate,  and  perhaps  far 
Ihort  of  the  degree  of  perfedlion  to  which  it  had  been 
carried  by  their  bell  authors.  And  this  fufpicion  is 
rendered  rather  probable  by  the  circumftance  of  an 
Arabic  manufeript,  fald  to  be  on  cubic  equations,  de- 
pofited  In  the  Library  of  the  imiverfity  of  Leyden  by 
the  celebrated  Warner,  bearing  a title  which  in  Latin  ^ 
fignlfies  Omar  Ben  Ibrahim  aV  Ghaj  am  A Algebra  cuhicariirn 
dcquationum,five  de  prohlematum  folidorum  refolutione  ; and 
of  which  book  I am  in  fome  hopes  of  procuring  either 
a copy  or  a tranflatlon,  by  means  of  my  w^orthy  friend 
Dr.  Damen,  the  learned  Profefior  of  Mathematics  in  that 
imiverfity,  and  Iry  that  means  to  throw  fome  light  on 
this  doubtful  fubjett. 

Since  this  was  written,  death  has  prematurely  put  an 
end  to  the  ufeful  labours  of  this  ingenious  and  w'orthy 
fncceflor  of  Gravefandc. 

After  the  publication  of  the  books  of  Lucas  de  Bur- 
go,  the  feience  ofAlgebra  became  more  generally  known, 
and  improved,  cfpecially  by  many  peifons  in  Italy  ; and 
about  this  time,  or  foon  after,  namely  about  the  ye.ir 
1503,  the  firft  rule  was  there  found  out  by  Scipio 
Ferreus,  for  refolving  one  cafe  of  a compound  cubic 
equation.  But  this  fcience,  as  well  as  other  branches  of 
K 2 ]>rUthc* 


* 


A L G 


A L G 


[ 68  ] 


Mathematics,  was  nioll  of  all  cultivated  atid  improved 
thereby  Hieronymus  Cardan  ofBononia,  a very  learned 


man,  whofe 


arithmetical  \^rltlngs 


were  the  next  that 


appeared  In  print,  namely  in  the  year  i c;39,  In  9 books, 
in  the  Latin  language,  at  IMlIan,  wliere  he  praftlfed 
phyhc,  and  read  public  ledlures  on  blathernatics  ; and 
in  the  year  154^  came  out  a 10th  book,  containing  the 
whole  dodtrine  of  cubic  equations,  which  had  been  in 
part  revealed  to  him  about  the  time  of  the  publication 
of  his  fird  9 books.  And  as  it  is  only  this  loth  book 
which  contains  the  new  difcoveiies  in  Algebra,  I lliali 
here  confine  mvfelf  to  it  alone,  as  it  will  alfo  afford 
fnfficient  occafion  to  fpeak  of  his  manner  of  treating 
Algebra  in  general.  I’his  book  is  divided  into  40  chap- 
ters, in  which  the  whole  fcience  of  cubic  equations  is 
molt  amply  and  ably  treated.  Chap,  i treats  of  the 
nature,  number  and  properties  of  the  roots  of  equations, 
and  particularly  of  fingie  equations  that  have  double 
roots.  He  begins  with  a fev/  remarks  on  the  invention 
and  name  of  the  art  : calls  it  jlrs  Magna,  or  Cofa,  or 
Rules  after  Lucas  de  Burgo  and  others: 

fays  it  was  invented  by  Mahomet,  the  fon  of  one  Mofes 
an  Arabian,  as  is  teilified  by  Leonardus  Pifanus  ; and 
that  be  left  four  rules  or  cafes,  which  perhaps  only  in- 
cluded quadratic  equations:  that  afterwards  three  de- 
rivatives were  added  by  an  unknown  author,  though 
fome  think  by  Lucas  Paciolus  ; and  after  that  again 
three  other  derivatives,  for  the  cube  and  6tb  power,  by 
another  unknown  author  ; all  which  were  refolved  like 
quadratics : that  then  Scipio  Ferrciis,  Profeffor  of 
Mathematics  at  Bononia,  about  1505,  found  out  the 
rule  for  the  cafe  cuhum  ilf  rerum  nmnero  eequaliim,  or,  as 
we  now^  write  it,  = c,  which  he  fpcaks  of  as  a 

thing  admirable  : that  the  fame  thing  was  next  after- 
wards found  out,  in  1535,  by  Tartalea,  who  revealed 
it  to  him.  Cardan,  after  the  mod  earnePc  intreaties  : 
that,  finally,  by  himfelf  and  his  quondam  pupil 
Lewis  Ferrari,  the  cafes  are  greatly  augmented  and 
extended,  namely,  by  all  that  is  not  here  exprelsly 
aferibed  to  others  ; and  that  all  the  demonflrations 
of  the  rules  are  his  own,  except  only  three  adopted 
from  Mahomet  for  the  quadratics,  and  two  of  Ferrari 


for  cubics. 

He  tlien  delivers  fome  remarks,  fhewing  that  all 
fquare  numbers  have  two  roots,  the  one  pofitive,  and 
the  other  negative,  or,  as  he  calls  them,  n.)erci  Cf  jicla, 
true  and  fi6fitious  or  falfe  ; fo  the  ajiimatio  re'i,  or  root, 
of  9,  is  either  3 or  — 3 ; of  16  it  is  4 or  — 4 ; the  4th 
root  of  8 1 is  3 or  ~ 3 ; and  fo  on  for  all  even  clendmi- 
naitons  or  powders.  And  the  fame  is  remarked  on  com- 
pound cafes  of  even  powers  that  are  added  together ; 
as  if  x'^  = 28,  then  the  ceftimatio  w is  ==:  2 or  — 2 ; 

but  that  the  form  -f  12  “ has  four  anfwers  or 
roots,  in  real  numbers,  two  plus  and  two  minus,  viz.  2 or 
— 2,  and  ^^'3  or  — ; while  the  cafe  -f-  12  ~ 6a^ 

has  no  real  roots ; and  the  cafe  x'^  — 2 x'^  + 8 has  two, 
namely  2 and  — 2 : and  in  like  manner  for  other  even 
powers.  So  that  he  includesfcoth  the  pofitive  and  negative 
roots;  but  rejcdls  wliat  we  now  call  imaginary  ones.  I 
here  exprefs  the  cafes  in  our  modern  notation,  for  brevity 
fake,  as  he  commonly  exprefi'es  the  terms  by  w'ords  at 
full  length,  calling  the  abfolute  or  known  term  the  nu~ 
mero,  the  ill  poweff  the  res,  the  2d  the  quadratum,  the 
3d  the  cuhum,  and  fo  on,  ufing  no  mark  for  tlie  unknown 
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quantity,  and  only  the  Initials  j)  and  m for  plus  and 
minus,  and  11:  for  radix  or  root.  The  rej-  he  fometimes 
calls  pofitio,  and  quantitas  ignota',  and  in  Hating  or 
fetting  down  his  equations,  he,  as  well  as  Lucas  de 
Burgo  bcf(;re  him,  fets  down  the  terms  on  that  fide 
where  they  will  be  plus,  and  not  minus. 

On  the  other  hand,  he  remarks  that  the  odd  denomi- 
nations, or  powers,  have  only  one  asffimatio,  or  root, 
and  that  true  or  pofitive,  but  none  fidlitious  or  nega- 
tive, and  for  this  reafop,  that  no  negative  number  raifed 
to  an  odd  power,  will  give  a pofitive  number ; fo  of 
2w“  16,  the  root  is  8 only;  and  if  2x'^  16,  the  root 

is  2 only  : and  if  there  be  ever  fo  many  odd  denomi- 
nations, added  together,  equal  to  a number,  there  will 
be  only  one  mfiimatio  or  root  ; as  if  x^  -p  bx  — 20, 
the  only  root  is  2.  But  that  when  the  figns  of  fome 
of  the  terms  are  different  as  to  plus  and  minus,  they 
may  have  more  roots  ; and  be  fiiews  certain  relations  of 
the  co-eiiicients,  when  they  have  two  or  more  roots  : 
fo  the  equation  -j-  16  ~ izx  has  two  aeffimatios, 
the  one  true  or  2,  and  the  other  ficlitlous  or  — 4,  which 
he  obferves  is  the  fame  as  the  true  tellimatio  of  the  cafe 
x^  ~ 12X  T 16,  having  only  the  fign  oi  the  abfolute 
number  changed  from  the  former,  the  3d  noot  2 being 
the  fame  as  the  fii  fi,  wtiich  therefore  he  does  not  count. 
He  next  fiiews  what  are  the  relations  of  the  co-efficients 
w^hen  a cubic  equation  has  three  roots,  of  which  two  are 
true,  and  the  3d  fidlitious,  which  is  always  equal  to  the 
fam  of  the  other  two,  and  alfo  equal  to  the  true  root  of 
the  fame  equation  with  the  figm  of  the  abfolute  number 
changed  : thus,  in  the  equation  fi-  9 zz  1 2x,  the 
turn  true  roots  are  3 and  \/ 5 1 — ly?  the  fictitious 
one  is  — -s/f  i — W'liich  laff  is  the  lame  as  the  true 
root  of  x^  — 12X  4-  9>  viz.  -f 

infers  generally  that  the  fiiffitious  Dsllimatio  of  the 
cafe  - - - - - • x^  c — hx, 

always  anfwers  to  the  true  root  of  — hx  -j-  c* 

Cardan  alfo  fiiews  what  the  relation  of  the  co-efficients 
is,  when  the  cafe  has  no  true  roots,  but  only  one  fictitious 
root,  which  is  the  fame  as  the  true  root  of  the  reciprocal 
cafe,  formed  by  changing  the  fign  of  the  abfolute  num- 
ber. Thus,  the  cafe  + 21  = 2x  has  no  true  root, 
and  only  one  falfe  root,  viz.  — 3,  which  is  the  fame  as 
the  true  root  of  x'^  ~ 2x-\~  2 1 : and  he  fiiews  in  general, 
that  changing  the  fign  of  the  abfolute  number  in  fuch 
cafes  as  want  the  2d  term,  or  changing  the  figns  of  the 
even  terms  wffieii  it  is  not  v/antiiig,  changes  the  figns 
of  all  the  three  roots,  which  he  alfo  illuilratcs  by  many 
examples;  thus,  the  roots  of  x^  + iiw^  — 72,  are 
-f  .y/qo  — 4,  and  — 3,  and  — a/ 2^0  — 4 ; and  the 
roots  of  x^  4 72  =;  iiA%  are  — + 4,  and  + 3, 

and  4-  ^^/qo  -f  4. 

And  he  further  obferves,  that  the  fiim  of  the  three 
roots,  or  the  difference  between  the  true  and  fictitious 
roots,  is  equal  to  ii,  the  co-efficient  of  the  2d  term. 
He  alfo  fiievs's  how  certain  oubic  cafes  have  one,  or  tw’o, 
or  three  roots,  according  to  circumttances  : that  the 
cafe  x'^  -p  ei  “ hx^  has  fometimes  four  roots,  and  fome- 
tlrncs  none  at  all,  that  is,  no  real  ones  : that  the  cafe 
x^  d'  hx  ~ ax'^  4-  roay  have  three  true  aequatios,  or 
pofitive  roots,  bui  no  fictitious  or  negative  ones ; and 
for  this  reaion,  that  the  odd  powers  of  minus  being 
minus,  and  the  even  powers  plus,  the  two  terras  a 
would  be  negative,  and  equal  to  a.  pofitive  fuin  <7a*  + c, 

which 
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vvliich  23  abfurd : and  farther,  that  the  cafe 
4-  l?x  zr:  c has  three  roots,  one  plus  and  two  minus, 
which  are  the  fame,  with  the  figns  changed,  as  the 
roots  of  the  cafe  bx  c — ax'^.  He  alfo  fhews 

the  i-elation  of  the  co-efficients  when  the  equation  has 
only  one  real  root,  in  a variety  of  cafes  ; but  that  the 
cafe  a-3  -f  c — ax'^  -j-  bx  has  always  one  negative  I'oot, 
and  either  two  pofjtlve  roots,  or  none  at  all ; the  num- 
ber of  roots  failing  by  pairs,  or  the  impoffible  I'oots,  as 
we  now  call  them,  being  always  in  pairs.  Of  all  thefe 
circumllances  Cardan  gives  a great  many  particular 
examples  in  numei'al  co-efficients,  and  fubjolns  geo- 
metrical demonflrations  of  the  properties  here  enume- 
rated ; fuch  as,  that  the  two  correfponding  or  I'cciprocal 
cafes  have  the  fame  root  or  roots,  but  with  different 
figns  or  affedlons  ; and  how  many  true  or  pofitive  roots 
each  cafe  has. 

Up  on  the  whole,  it  appears  from  this  ffioit  chapter, 
that  Cai'dan  had  difcovered  moll  of  the  principal  propel - 
ties  of  the  roots  of  equations,  and  could  point  out  the 
number  and  nature  of  the  roots,  partly  from  the  ligns 
of  the  terms,  and  partly  from  the  magnitude  and  re- 
lations of  the  co-efficients.  He  fiicws  in  effedl,  that 
when  the  cafe  has  all  its  I'oots,  or  when  none  are  im- 
poffible, the  number  of  its  pofitive  roots  is  the  fame  as 
the  number  of  changes  in  the  figns  of  the  terms,  when 
they  are  all  brought  to  one  fide  : that  the  co-efficient  of 
the  2d  term  is  equal  to  the  fum  of  all  the  roots  pcfitive 
and  negative  colledled  together,  and  confeqnently  that 
when  the  2d  term  is  wanting,  the  pofitive  I’oots  are 
equal  to  the  negative  ones  : and  that  the  figns  of  all  the 
roots  are  changed,  by  changing  only  the  figns  of  the 
even  terms:  with  many  other  remarks  concerning  the 
nature  of  equations. 

In  chap.  2,  Cardan  enumerates  all  the  cafes  of  com- 
pound equations  of  the  2d  and  3a  order,  namely,  3 
quadratics,  and  19  cublcs  ; with  44  derivatives  of  thelc 
two,  that  is,  of  the  fame  kind,  with  higher  denomina- 
tions. 

In  chap.  3 are  treated  the  roots  of  fimple  cafes,  or 
fimple  equations,  or  at  leail  that  will  reduce  to  fuch, 
having  only  two  terms,  the  one  equal  to  the  other. 
He  diredls  to  deprefs  the  denominations  equally,  as 
much  as  they  will,  according  to  the  height  of  the  lead; 
then  divide  by  the  number  or  co-efficient  of  the  greated  ; 
and  ladly  extradf  the  root  on  both  fides.  So  if  20.\3 
zz  i8oa^,  then  20  = i8o.\^,  and  and  x = 

Chap.  4 treats  of  both  general  and  particular  roots, 
and  contains  various  definitions  and  obfervations  con- 
cerning them.  It  is  here  fhewn  that  the  feveral  cafes 
of  quadratics  and  cubics  have  their  roots  of  the  follow- 
ing forms  or  kinds,  namely  that  the  cafe 

= ax  -{-  b has  its  root  of  this  kind  + 3, 

4-  ax  = b has  its  root  of  this  kind  \,/i9  — 3, 

-P  ^ — ax  has  two  roots  like  3 4-  \/2  and  3 — /v^2, 
x^  — bx  -j-  c has  its  root  of  this  kind  ^4  -f-  ^2^ 
a-3  bx  = c has  Its  root  of  this  kind  ^4  — ^2, 

A 2 zz  4" has  this  kind  of  root  6 4- 2 4- 

x^  4-  = c has  this  kind  of  root  -^/id  — 2 4-  ^4, 

where  the  three  parts  1/ 16,  2,  ^4,  are  in  continual 
proportion. 

Chap,  5 treats  of  the  aellimatio  of  the  lowed  degree 
of  compound  cafes,  that  is,  affedled  quadratic  equations  ; 
giving  the  rule  for  each  of  the  three  cafes,  whieh  con- 


fids  in  completing  the  fquare,  See,  as  at  prefent,  and 
which  it  feems  was  the  method  given  by  the  Arabians  ; 
and  proving  them  by  geometrical  demondr ations  from 
Eucl.  I.  43,  and  II.  4 and  5",  in  which  he  makes 
fome  improvement  of  the  demondrations  of  Mahomet. 
And  hence  it  appears  that  the  work  of  this  Arabian 
author  was  In  being,  and  well  known  in  Cardan’s  time. 

Cliap.  6,  on  the  methods  of  finding  new  rules,  contains 
fome  curious  fpeculations  concerning  the  fquares  and 
cubes  of  binomial  and  refidual  quantities,  and  the  pro- 
portions of  the  terms  of  which  they  confid,  diewn  from 
geometrical  demondrations,  with  many  curious  remarks 
and  properties,  forming  a foundation  of  principles  for 
invelligating  the  rules  for  cubjc  equations. 

Chap.  7 Is  on  the  tranfmutatlon  of  equations,  diew- 
ing  how  to  change  them  from  one  form  to  another,  by 
taking  away  certain  terms  out  of  them  ; as  -j-  ax"^ 
= c,  to  j 3 — /y  4-  A Sic.  The  rules  are  demondrated 
geometrically  ; and  a table  Is  added,  of  the  forms  Into 
which  any  given  cafes  will  i*cduce  ; which  transforma- 
tions are  extended  to  equations  of  the  4th  and  5th 
order.  And  hence  it  appears  that  Cardan  knew  how 
to  take  away  any  term  out  of  an  equation. 

Cliap.  8 diews  generally  how  to  find  the  root  of  any 
fuch  equation  as  this  -p  b,  where  m and  n 

arc  any  exponents  whatever,  L'Ut  n the  greater;  and  the 
rule  is,  to  fcpai*ate  or  divide  the  co-efficient  a into  two 
fuch  parts  z and  <2  — z,  as  that  the  abfolutc  number  h 

V\ 

diall  be  equal  to  r/  — z • the  producl  of  the 

1Tl 

one  part  a — and  the  power  of  the  other 

n — m 

I 

part : then  the  root  x is  = z"  - The  rule  is  general 
for  quadratics,  cubics,  and  all  the  higher  powers  ; and 
could  not  have  been  formed  without  the  knowledge  of 
the  compofitiou  of  the  terms  from  the  roots  of  the 
equation. 

Chap.  9 and  10  contain  the  refolulion  of  various 
qucdloiis  producing  equations  not  higher  than  qua- 
dratics. 

Chap.  1 1 is  of  the  cafe  or  form  a^  + 3^-^  — 2e. 
Cardan  now  comes  to  the  adiual  relolutlon  of  the  firlt 
cafe  of  cubic  equations.  He  begins  with  relating  a 
fliort  hiflory  of  the  Invention  of  It,  oblerving  that  it  was 
firft  found  out,  about  30  years  before,  by  Scipio  Fer- 
reus  of  Bononia,  and  by  him  taught  to  Antonio  Maria 
Florido  of  Venice,  who  ha\ing  a contelt  alterwurds 
with  Nicolas  Tarlalea  of  BrcicI  1,  It  gave  occaiion  to 
Tartalca  to  find  it  out  lilmfelf,  u hoax'd  great  entreaties 
taught  It  to  Cardan,  but  tupjirefied  the  demonllrat  on. 
By  help  of  the  rule  alone,  however.  Cardan  of  himfelf 
difcovered  the  fouree  or  geometrical  invetiigation,  which 
he  gives  here  at  large,  trom  I' ncl.  11.  4.  In  this  pro- 
cefs  he  makes  ufe  of  the  Gi*eek  letters  a,  C,  y,  o',  &c,  to 
denote  certain  Indefinite  numbers  or  quantities,  to  ren- 
der the  invclligatlon  general;  which  may  be  confidered 
as  the  full  inilanct  of  fuch  literal  notation  In  Algebra. 
Fie  then  gives  the  rule  In  words  at  length,  whieli  comes 
to  this, 

^ b^  c — \/  \/A  4-  — c\ 

illullrating  it  in  a variety  of  examples ; in  the  refolution 

of 
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of  wliicli,  he  extracts  the  ciiblc  roots  of  fueh  of  the 
binomials  as  will  admit  of  it,  by  feme  rule  which  he 
had  lor  that  purpofe  5 fiich  as  -f  6 a*  = 20,  which 

A*  = {/  \yicS  d-  10  — ^ I oS  — 10  — y'3  — I = 2 

— v/3  + 

Chap.  12,  of  the  cafe  -i-  2c.  This  he 

treats  exadbl^’'  as  the  laft,  and  finds  the  rule 

A’  = 4/ ^ “*■  + \/ ^ ; 

'\vhlch  he  illufirates  by  many  examples,  as  ufual.  But 
when  exceeds  which  has  fince  been  called  the 
irreducible  cafe,  he  refers  to  another  following  book, 
called  yJ/iza,  for  other  rules  of  folution,  to  overcome 
this  difficulty,  about  which  he  took  infinite  pains* 

Chap.  13,  of  the  cafe  2c  tzi  This  cafe,  by 

a geometrical  procefs,  he  reduces  to  the  cafe  in  the 
lail  chapter:  thus,  find  the  geftimatio  y of  the  cafe 
-p  2c,  having  the  fame  co-efficients  as  the  given 

cafe  x^  + 2^“  ^hx  ; then  is  a =—  -f-j  dz  1 2 ^ 
giving  two  roots.  He  Ihews  alfo  how  to  'find  the 
fecond  root,  when  the  firll  is  known,  independent  of 
the  foregoing  cafe*  From  this  relation  of  thefe  two 
cafes  he  deduces  feveral  corollaries,  one  of  which  is, 
that  the  seftimatio  or  root  of  the  cafey^  zn  zc,  is 

equal  to  the  fum  of  the  roots  of  the  cafe  x'^  2c  — ’^bx. 
As  in  the  example  =.  1 6y  -j-  21,  whofe  seftimatio  is 
x/94  -{-  li)  which  is  equal  to  the  fum  of  3 and 
~ i|-,  the  two  roots  of  the  cafe  -|-  2 i = i6a. 

In  chapters  14,  1 5,  and  16,  he  treats  of  the  three 
cafes  which  contain  the  2d  and  3d  powers,  but  wanting 
the  firft  power,  according  to  all  the  varieties  of  the 
figns;  which  he  performs  by  exterminating  the  2d 
term,  or  that  which  contains  the  2d  power  of  the  un- 
known quantity  x,  by  ftibftituting  y ~h  j the  co-efficient 
of  that  term  for  a,  and  fo  reducing  thefe  cafes  to  one 
of  the  former.  In  thefe  chapters  Cardan  fometimes 
alfo  gives  other  rules  ; thus,  for  the  cafe  a^  -f-  ~ 2c, 

find  firft  the  a:ftimatioy  of  the  cafey^  = ^ay  -f- 
then  is  a ~y^‘~7,a  : alfo  for  the  cafe  a^  2 c zzz 

firft  find  the  two  roots  of  y^  -f-  2c  = '^ay\/  zc^  then  is 

X = — the  two  values  of  x according  to  the  two 

values  of  y.  He  here  alfo  gives  another  rule,  by  which 
a fecond  seftimatio  or  root  is  found,  when  the  firft  is 
known,  namely,  if  e be  the  firft  eftimalio  or  value  of  x 
in  the  cafe  A®  + 2c  — '3<7A^,  then  is  the  other  value  of 

A = I \/ 3<2  ■—  if . -{-  3?  -f  'ya  c\ 

In  chapters  17,  18,  19,  20,  21,  22,  23,  Cardan 
treats  of  the  cafes  in  which  all  the  four  terms  of  the 
equation  are  prefent  ; and  this  he  always  effefts  by 
taking  away  the  2d  term  out  of  the  equation,  and  fo 
reducing  it  to  one  of  the  foregoing  cafes  which  want 
"that  term,  giving  always  geometrical  inveftigations,  and 
adding  a great  many  examples  of  every  cafe  of  the 
equations. 

Chap.  24,  of  the  44  derivative  cafes  ; which  are  only 
higher  powers  of  the  forms  of  quadratics  and  cubics. 

Chap.  25,  of  Imperfe6f  and  fpecial  cafes  : containing 
many  particular  examples  when  the  co-efficients  have 
certain  relations  amongft  them,  with  ealy  rules  for 


finding  the  roots  ; alfo  8 other  rules  for  the  irreducibk 
cafe  A^  = ^A  Hh  c. 

Chap.  26,  in  like  manner,  contains  eafy  rules  for  bi-* 
quadratics,  wffiea  the  co-efficients  have  certain  fpecial 
relations. 

Then  the  following  chapters,  from  chap.  27  to  chap. 
38,  contain  a great  number  of  queftlons  and  applica- 
tions of  various  kinds,  the  titles  of  which  are  thefe: 
De  trar^tu  cap'tiuli  fpeclalis  in  capitiilum  fpeciale  ; De 
operaiionihus  radicmn  pronicarnm  feu  mlxtarum  yllleU 
larum  ; De  regtila  modi  ,*  De  regiila  Aurea  ; De  regula 
Magna^  or  the  method  of  finding  out  folutions  to  cer- 
tain queftlons  ; De  regtda  aqualis  pofuiofns^  being  a 
method  of  fubftitiiting  for  the  half  fum  and  half  dif- 
ference of  two  quantities,  Inftead  of  the  quantities 
themfelves  ; De  regula  hwqualiter  ponendi^  feu  propor- 
tionis  ; De  regula  niedii ; De  regula  aggregati  ; De  regula 
Uberee  po/itionii  ; De  regula  falfiim  ponendf  in  whicli 
fome  quantities  come  out  negative ; Sfuoinodo  excidant 
parted  ''A  denomihationes  multiplicando . Among  the  fore- 
going collection  of  queftlons,  which  are  chiefly  about 
numbers,  there  are  fome  geometrical  ones,  being  the  ap- 
plication of  Algebra  to  Geometry,  fuch  as,  In  a right- 
angled  triangle,  given  the  fum  of  each  leg  and  the  ad- 
jacent fegment  of  the  hypotenufe,  made  by  a perpendi- 
cular from  the  right  angle,  to  determine  the  area  &c ; with 
other  fuch  geometrical  queftions,  refolved  algebraically. 

Chap.  39,  De  regula  qua pliiribus pofitionibus  invenimus 
ignotam  quantitatem  ; which  is  employed  on  biquadratic 
equations.  After  fome  examples  of  his  owm,  Cardan 
gives  a rule  of  Lewis  Ferrari^’s,  for  refoiving  all  biqua- 
dratics, namely  by  means  of  a cubic  equation,  which 
Ferrari  inveftigated  at  his  requeft,  and  which  Cardan 
here  demoriftrates,  and  applies  in  all  its  cafes.  The 
method  is  very  general,  and  confifts  in  forming  three 
fquares,  thus  : firft,  complete  one  fide  of  the  equation  up 
to  a fquare,  by  adding  or  fubtraCtIng  fome  multiples  of 
parts  of  fome  of  its  own  terms  on  both  fides,  which  it 
is  always  eafy  to  do  : 2d,  fuppofing  now  the  three  terms 
of  this  fquare  to  be  but  one  quantity,  viz,  the  firft: 
term  of  another  fquare  to  which  this  fame  fide  is  to 
be  completed,  by  annexing  the  fquare  of  a new  and 
alTumed  Indeterminate  quantity,  with  double  the  pro- 
duct of  the  roots  of  both  ; which  evidently  forms 
the  fquare  of  a binomial,  confiding  of  the  affiimed 
Indeterminate  quantity  and  the  root  of  the  firft  fquare  : 
3d,  the  other  fide  of  the  equation  is  then  made 
to  become  the  fquare  of  a binomial  alfo,  by  fuppofing 
the  produdt  of  its  ill  and  3d  terms  to  be  equal  to  the 
fquare  of  half  Its  2d  term  ; for  It  confifts  of  only  three 
terms,  or  three  different  denominations  of  the  original 
unknown  quantity:  then  this  equality  will  determine 
the  value  of  the  affiimed  indeterminate  quantity,  by 
means  of  a cubic  equation,  and  from  It,  that  of  the 
original  ignota,  by  the  equal  roots  of  the  2d  and  3d 
fquares.  Here  we  have  a notable  example  of  the  ufe 
of  affuming  a new  Indeterminate  quantity  to  introduce 
into  an  e(^uation,  long  before  Des  Cartes  was  born,  who 
made  ufe  of  a like  aftumption  for  a fimilar  purpofe. 
And  this  method  is  very  general,  and  is  here  applied  to 
all  forms  of  biquadratics,  either  having  all  their  terms, 
of  wanting  fome  of  them*  To  illuftrate  this  rule  I fhall 
here  fet  down  the  procefs  of  one  of  his  examples^ 
which  is  this)  + 4A  -p  8 Ioa*.  Now  firft  fub- 
c traiffe 
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tra£l  2x*  + 4^+7  from  both  hdes,  then  the  firft  be- 
comes a fquare,  viz,  — 20c*  -f  i or  ^e*  — = 8a:^ 

— — 7.  Next  afTume  the  indeterminate  and 
fubtra^l  ly  {x"^  — 1)  — y"^  from  both  fides,  making 

the  firft  fide  again  a fquare,  viz,  a"  — 1^  — 2jy.A'’—  I 

d-  j;®  or  — I — y =8  — 2^  . a®  — 4A  + -f  zy 

— 7.  Of  this  latter  fide,  make  the  prodiift  of  the  ift 
and  3d  terms  equal  to  the  fquare  of  half  the  2d  term, 

that  is,  8 — 2j'  , j®  -f  2j'  — 7 = 2®,  which  reduces  to 
+ 30  ~ 2j'®  d-  i^y  ; the  pofitive  roots  of  which  are 
jy  = z or  /v/i 5 ; and  hence,  ufmg  2 forj’,  the  equation 

of  equal  fquares  becomes  a®  — i — y^  or  a®  — 3® 
= 4A®  — 4A  -f-  the  roots  of  which  give  a®  — 3 = 
2a  c/Dl  ; and  hence  a®  = 2a  -{-  2,  or  a®  + 2a  = 4 ; the 
two  pofitive  roots  of  which  are  v'3  ft-  1 and  — i, 
which  are  two  of  the  values  of  a in  the  given  equation 
+ 4x  -f  8 = I ©a®.  The  other  roots  he  leaves  to  be 
tried  by  the  reader. 

The  40th,  or  laft,  chap,  is  entitled,  Of  modes  of 
general  fuppofition  relating  to  this  art ; with  fome 
rules  of  an  unufual  kind  ; and  seftimatios  or  roots  of  a 
nature  different  from  the  foregoing  ones.  Some  of 
thefe  are  as  follow:  If  = :2a®  + r,  and  x—a  = and 
X i y i : c i d',  then  is  y^  qy®  = d. 

Secondly,  if  a^  + ^a®  = c, 
andj/3  = <3j;®  + r, 
then  is  A -f-  ^ : y — ::  jy*  : a®. 

Thirdly,  when  a^  + c — <3a®,  the  fquare  will  be 
taken  away,  by  putting  a =jy  -f  fa;  and  then  the 
equation  becomes  + ^ — 2{^a)^  = ja^y. 

Cardan  adds  fome  other  remarks  concerning  the 
folutions  of  certain  cafes  and  queftions,  all  evincing  the 
accuracy  of  his  fi<ill,  and  the  extent  of  his  praftice  ; 
and  then  he  concludes  the  book  with  a remark  con- 
cerning a certain  transformation  of  equations,  which 
quite  aftonifties  us  to  find  that  the  fame  perfon  who, 
through  the  whole  w'ork,  has  fiiewn  fuch  a profound 
and  critical  Ikill  in  the  nature  of  equations,  and  the  fo- 
lution  of  problems,  fiiould  yet  be  ignorant  of  one  of  the 
moft  obvious  tranfmutations  attending  them,  namely 
increafing  or  diminifhing  the  roots  in  any  proportion. 
Cardan  having  obferved  that  the  form  = ix  + c may 

be  changed  into  another  fimilar  one,  viz,  z=t  ~y  + a/- 

c r, 

% ^ 

of  which  the  co-efficient  of  the  term  y is  the  quotient 
arifing  from  the  co-efficient  of  a divided  by  the  abfolutc 
nuiriberof  the  firft  equation  : and  that  the  abfolute  num- 
ber of  the  2d  equation  is  the  root  of  the  quotient  of  i 
divided  by  the  faid  abfolute  number  of  the  firft  ; he  then 
adds,  that  finding  the  aeftimatio  or  root  of  the  one 
equation  from  that  of  the  other  is  very  difficult,  valdc 
diffici/is* 

It  is  matter  of  wonder  that  Cardan,  among  fo  many 
tranfuiUtations,  fliould  never  think  of  fubftituting  in- 
fiead  of  A in  fuch  equations,  another  pofitio  or  root, 
greater  or  lefs  than  the  former  in  any  indefinite  pro- 
portion, that  is,  miultiplied  or  divided  by  a given  number;, 
for  this  would  have  led  him  immediately  to  the  fame 
transformation  as  he  makes  above,  and  that  by  a way 
which  w^uld  have  fhewn  the  conftant  proportion  be- 


t\veen the  two  roots.  Thus,  inftead  of  x in  the  given 

form x^  :=^  bx  c,  fubftitute  dy^ 

and  it  becomes  - d^y'^  = bdy  c ; and  this  divided 

by  r/3  becomes  - - y^  — -^y-f.~;  and  here  if  d 

be  taken  = -v/c,  it  becomes  y3  = — y -{-  \/  — ; which  i« 

c c 

the  transformation  In  queftion,  and  in  wViich  it  is  evident 


that  X h — y and  y 


A 


\/c 


Inftead  of  this.  Car- 


dan gives  the  following  ftrange  way  of  finding  the  one 
root  A from  the  other  y,  wdien  this  latter  is  by  any 
means  knowm  ; viz.  Multiply  the  firft  given  equation 

byy^A  -k  I,  then  add  — - to  both  fides,  and  laftly  ex- 

tra6I  the  roots  of  both,  which  can  always  be  done,  as 
they  will  always  be  both  of  them  fquares  ; and  the 
roots  will  give  the  value  of  a by  a quadratic  equation. 
Thus,  a3  — bx  -f-  c multiplied  by  y®A  -f-  l gives 


y®  A"^  -p  A^  — <H®a®  T O'®  b * X + ^ ; sdd , then 

Ay 

A®  I — ^ 

y®A^T*;^H ^Zy®-! a®  -b  ^-fio®  • A+r;  and 

the  roots  areyA®  -fi  z=z  \/ (by^  )a®  + ((^-f'Cy®)A  -j-r  ; 

2y  4y® 

and  this  2d  fide  of  the  equation  he  fays  will  always  have 
a root  alfo.  It  is  Indeed  true  that  it  will  have  an  exa£l 
root  ; but  the  reafon  of  it  is  not  obvious,  which  is,  be- 

h I 

caufe  y is  the  root  of  the  equation  y3  = — y y'  — , 

c , c 

Cardan  has  not  fhewn  the  reafon  why  this  happens  y 
but  I apprehend  he  made  it  out  in  this  manner,  viz, 
fimilar  to  the  way  in  w-^hich  he  forms  the  laft  fquare  in 
the  cafe  of  biquadratic  equations,  namely,  by  making 
the  produdl  of  the  ift  and  3d  terms  equal  to  the  fquare. 
of  half  the  2d  term  : thus,  in  the  prefent  cafe,  it  is. 

4f.c{by'^  -f  — ) =1  4-  ry® )®,.  which  reduces  tojy^  = -y 


4.1' 


4"  V — the  equation  in  queftion.  Therefore  takingy?.- 


the  root  of  the  equation  y^  = ~y  + y'  j and  fub- 

c c 

ftituting  its  value  in  the  quantity  {by'^  -1 

ry®).A  4-  Cf  this  will  become  a complete  fquare. 


Of  Cardan’s  Lilcllus-  de  AUza  Regular 

Subjoined  to  the  above  Treatife  on  cubic  equations,., 
is  this  Ldellus  dt;  Ali%a  regula^  or  the  algebraic  loglftics,, 
in  which  the  author  treats  of  fome  of  the  abflrufer 
parts  of  Arithmetic  and  Algebra,  efpecially  cubic  equa- 
tions, with  many  more  attempts  on  the  irreducible  cafe 
= bx  -p  c.  This  book  is  divided  into  60  chapters ;; 

Uut 
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but  I Taall  only  fetdown  tlie  titles  of  fome  few  of  them, 
•vvhofc  contents  require  more  particular  notice. 

Chap.  4,  Ijc  moth  7'e(:Hgetidi  quantitales  onines,  qua  dU 
cuntur  la'icra  prijna  ex  dechno  Euciidls  in  coinpCTidhim,  He 
treats  here  of  all  Eiiclia^s  irrational  lines,  as  furd  num- 
bers, arid  performs  various  operations  v/ith  them. 

Chap  5.  I)e  confideratioi.e  h'lnom'iorumiE  rcciforiim, 
iEc ; v.hi  de^  pjlimatione  capiiulorinn.  Contains  various 
operations  of  multiplying'  compound  numbers  and  furds. 
Chap.  6.  De  operatioinhus  p',  i:f  m:  (i.  c.  -f  and  ■— ) 
'■•fum.  Here  it  isEiewn  that,  in  multi- 


durn  communeni  v. 


fecun 

plication  and  diviiion.phvi always  giv'fes  the  fame  fignsjand 


in  I n us  p'iVe 


tnc  contrary  hg'ns. 


Soalfo  in  addition,  every 
quantity  retains  its  own  fign ; but  in  fubtradtion  they 
change  the  figns.  That  the  v'  -f  ? or  the  fquare  root  of 
plus,  is  -{-  ; but  the  v'  — , or  the  fquare  root  of  minus,  is 
nothing  as  to  common  ufe  ; (but  of  this  below.)  That 
^ — is  — ; as  .y/  — § is  — 2.  That  a refidual,  compofed  of 
4-  and  — ma)  have  a root  alio  compofed  of  T ^i^d  So 

>/•)■  — ^24  is  ~ a/S  ■“  The  rules  for  the  figns  in 
multiplication  and  divifion  are  illuftrated  by  this  exam- 
ple ; to  divide  8 by  2 or  \/b  + 2.  Take  the 

two  correfponding  refiduals  2 — \/6  and  — 2,  and 
by  thele  multiply  both  the  divifor  and  dividend  ; then 
the  products  are  4*  and  — refpedtively,  and  the  quo- 
tients llili  both  alike.  Thus, 


Divid.  Divif. 

8 v'b  4-  2 

2 — 2 

V'384— *16  divide  4"  4 
Qu.ot,  v^96  — 8. 


Divid. 

8 

2-v'6 


DIvIf. 

2 T -\/6 
2 — 


16  — A/384  div.  —2 
Quot.  ^^96  — 8. 

And  this  method  of  performing  divifion  of  compound 
furds,  was  fully  taught  before  him,  by  Lucas  de  Burgo, 
namely,  reducing  the  compound  divifor  to  a fimple 
quantity,  by  multiplying  by  the  correfponding  quan- 
tity, having  the  fign  changed. 

In  chap.  II  and  18,  and  elfewhere,  Cardan  makes  a 
general  notation  of  <2,  3,  c,  d,  c,  for  any  indefinite 
quantities,  and  treats  of  them  in  a general  way. 

Cap.  2.  De  contemplatione iff  m:  (or  + and  — ), 
quod  m : in  m : facit  ^ iff  de  caujis  horiim  juxta 
•veritatem.  Cardan  here  demonllrates  geometrically 
that,  in  multiplication  and  divifion,  like  figns  give  plus, 
and  unlike  figns  give  minus.  And  he  illuftrates  this 
numerically,  by  fquaring  the  quantity  8,  or  6 4-  2,  or  10 
— 2,  which  miift  all  produce  the  fame  thing,  namely  64. 

Among  many  of  the  chapters  which  treat  of  the  ir- 
reducible cafe  x'^=zhx-\-c^  there  is  a peculiar  kind  of 
way  given  in  chap.  31,  which  is  entitled  De  ajiimatione 
generall  x'^=hx-\-c  foUda  vocata^  'iff  operationihus  ejus  ; in 
whicli  he  fhews  how  to  approximate  to  the  root  of  that 
cafe,  in  a manner  fimilar  to  approximating  the  fquare 
•root  and  cube  root  of  a number.  The  rule  he  ufes  for 
this  purpofe,  Is  the  3d  in  chap.  25'  of  the  laft  book,  and  It 
is  this : Divide  h Into  two  parts,  iuch  that  the  fum  of 
the  products  of  each,  multiplied  by  the  fquare  of  the 
other,  may  be  equal  to  ; then  the  fum  of  the  roots  of 
thefe  parts  is  the  oellimatio  or  value 
of  X required.  So,  of  this  equation 
.^3  — ioa’4‘24  ; the  two  parts  are  9 
and  I,  and  their  roots  3 and  I, 


and  their  fum  4: 
ilin. 


X,  as  in  the  mar- 


9 I 
V 

.»•  V 

3 I 

34-9ori2  = tc. 
*^’-3  + 1=4 


Again,  take  6a'4  i.  Here  he  Invents  a new  nota- 
tion to  exprefs  the  root  or  radix,  which  he  calls  folida, 
xs=.  folida  6 in  that  is,  the  roots  of  the  two 
parts  of  6,  fo  that  each  part  multiplied  by  the  root  of 
the  other,  the  two  produbfs  may  be  4 or  ~c.  Then  to 
free  this  from  fractions,  a'nd  make  the  operation  eafier, 
multiply  that  root  by  fome  number  as  fuppofe  4,  that  Is 
the  fquare  part  6 by  the  fquare  of  4,  and  the  folid  part  f 
by  the  cube  of4  ; then  x—\,^  foUda  96  in  32.  Now,  by 
a few  trials,  it  is  found  that  the  parts  are 
nearly  95^  and  which  give  too  much, 
tVj  which  give  too  little, 

and  thereof  95-1-^  and  are  ftlll  nearer.  Divide  both 
by  4^  or  16,  then  5-^14  and  y 5-2  are  the  quot.  And  the 
fum  of  their  roots,  or  \/5ijk  T nearly 

the  value  of  tlie  root  x. 

Cap.  42.  De  duplici  aquatione  comparanda  in  capitulo 
cuhi  iff  numeri  aqualium  rebus.  Treats  of  the  two  po- 
fitive  roots  of  that  cafe,  negledling  the  negative  one ; 
and  fhewing,  not  only  that  that  cafe  has  two  fuch  roots, 
but  that  the  fame  number  may  be  the  common  root  of 
innumerable  equations. 

Cap,  yy.  Detrafiatione  ajllmatioms  generalis  capituh  x^ 
==  lx  -4  c.  Cardan  here  again  refumes  the  coiifidera- 
tion  of  the  irreducible  cafe,  making  ingenious  obfer- 
vatlons  upon  It,  but  ftill  v/ithout  obtaining  the  root  by 
a general  rule.  In  this  place  alfo,  as  well  as  elfewhere, 
he  (hews  how  to  form  an  equation  in  this  cafe,  that 
fliall  have  a given  binomial  root,  as  fuppofe  ni  4- 
where  the  equation  will  be  ^3  = pm  4*  $n'^)x  ~h 
2n(m  — • rd),  having  4-  n for  one  root,  namely  the 
pofitive  root.  From  which  it  appears  that  he  was  well 
acquainted  with  the  compofition  of  cubic  equations  from 
given  roots. 

Cap,  59.  De  ordine  exemplis  in  hinorniis  Jecundo 
idf  quinto.  Contains  a great  many  numeral  forms  of 
the  fame  irreducible  cafe  —lx-{-c,  with  their  roots  j 
from  which  are  derived  thefe  following  cafes,  with  many 
curious  remarks.  When 


X' 


:(c4*i)a4~^)  then  x — ^ 

;t'3  = (tc4-  4)  4-  c,  then  A = ^ 4-  4 4- 

a3  = 9)  ^ T then  a = c 4-  | 4- 

A'3  = 4-  16)  A 4-  c,  then  a = ^ + f. 


I \ n 

a3  = ( — c 4”  ^ then  x ■=■  sj  - c — 4 — . 

n « 4 2 


Cap.  60.  Demonjlratio  generalis  capituli  cuhi  aqualis  relus 

iff  numero.  This  demonflration,  of  the  irreducible  cafe 
is  geometrical,  like  all  the  reft.  Some  m.ore  Ingenious 
remarks  are  again  added,  as  if  he  reluctantly  finilhed 
the  book  without  perfectly  overcoming  the  difficulty 
of  the  Irreducible  cafe.  Cardan  here  alfo  ufes  the  letters 
a and  b for  any  two  indefinite  numbers,  in  order  to 
fliew  the  form  and  manner  of  the  arithmetical  opera- 
tions : thus  ~ is  the  fraction  for  their  quotient,,  alfo 
b 

or  the  fquare  root  of  that  quotient,  and 

b Vb 
% / 

a y a 


y — or——  the  cube  root  of  it,  5:c, 
b %/h 


Having 
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Having  confidered  tlie  chief  contents  of  Cardan’s  al- 
gebra, it  will  now  be  proper  to  fum  them  up,  and  fet 
down  a lift  of  the  improvements  made  by  him,  as  col- 
ledled  from  his  writings  : 

And  ill,  Tartalea  having  only  communicated  to  him 
the  rules  for  refolving  thele  three  cafes  of  cubic  equa- 
tions, viz, 

/u-  — r,  ^ he  from  thence  raifed  a very  large  and 
= l^x  -f  r,  - complete  work,  laying  down  rules  for  all 
-f  r “ kxy  j forms  and  varieties  of  cubic  equations, 
having  all  their  terms,  or  wanting  any  of  them,  and  hav- 
ing all  poflible  varieties  of  figns  ; demonftrating  all  thefe 
rules  geometrically  ; and  treating  very  fully  of  almoft  all 
forts  of  transformations  of  equations,  in  a manner  here- 
tofore unknown. 

2nd,  It  appears  that  he  was  well  acquainted  with  all 
the  roots  of  equations  that  are  real,  both  pofitive  and 
negative  ; or,  as  he  calls  them,  true  and  fidlitlous  ; 
and  that  he  made  ufe  of  them  both  occafionally.  He 
alfo  fliewed,  that  the  even  roots  of  pofitive  quantities,  are 
either  pofitive  or  negative;  that  the  odd  roots  of  negative 
quantities,  are  real  and  negative  ; but  that  the  even  roots 
of  them  are  impoflible,  or  nothing  as  to  common  ufe. 
He  w'as  alfo  acquainted  with, 

3d,  The  number  and  nature  of  the  roots  of  an  equa- 
tion, and  that  partly  from  the  figns  of  the  terms,  and 
partly  from  the  magnitude  and  relation  ot  the  coeffi- 
cients. He  alfo  knew, 

4th,  That  the  number  of  pofitive  roots  is  equal  to  the 
number  of  changes  of  the  figns  of  the  terms. 

3th,  That  the  coefficient  of  the  fecond  term  of  the 
equation,  is  the  difference  between  the  pofitive  and  ne- 
gative roots, 

6th,  That  w'hen  the  fecond  term  is  wanting,  the  fum 
of  the  negative  roots  Is  equal  to  the  fum  of  the  pofitive 
roots. 

7th,  How  to  compofe  equations  that  fiiall  have  given 
roots. 

8th,  That,  changing  the  figns  of  the  even  terms, 
changes  the  figns  of  all  the  roots. 

9th,  That  the  number  of  roots  failed  in  pairs  ; or 
what  vre  now  call  impoflible  roots  were  always  in  paiis. 

10th,  To  change  the  equation  from  one  form  to  ano- 
ther, by  taking  away  any  term  out  of  it, 

nth,  To  incrcafe  or  diminiffi  the  roots  by  a given 
quantity.  It  appears  alfo, 

12th,  That  he  had  a rule  for  extrafting  the  cube 
root  of  fucli  binomials  as  admit  of  extradlion. 

1 3 th, Thar  he  often  ufed  the  literal  notation  <2,  b,  r,  &c. 
14th,  That  he  gave  a rule  for  biquadratic  equations, 
fuiting  all  their  cafes  ; and  that,  in  the  inveftigation 
of  that  rule,  he  made  ufe  of  an  affumed  Indeterminate 
quantity,  and  afterwards  found  its  value  by  the  arbitrary 
affumptlon  of  a relation  between  the  terms. 

15th,  That  he  applied  Algebra  to  the  refolutloii  of 
geometrical  problems.  And 

16th,  That  he  wasw^ll  acquainted  with  the  difficulty 
of  what  Is  called  the  Irreducible  cafe,  viz,  a®  = bx-\-c, 
upon  which  he  fpent  a great  deal  of  time,  in  attempting 
to  overcome  it.  And  though  he  did  not  fully  fuccced 
in  this  cafe,  any  more  than  other  perfons  have  done 
fince,  he  neverthelefs  made  many  ingenious  obferya- 
tions  about  it,  laying  down  rules  for  many  particular 
VoL.  I. 


forms  of  if,  and  fhewing'  how  to  approximate  verr 
nearly  to  the  root  in  all  cafes  whatever. 

OF  TARTALEA. 

Nicholas  Tartalea,  or  Tartaglia,  of  Brefcia,  wa* 
contemporary  with  Cardan,  and  w'as  probably  older 
than  he  was,  but  I do  not  know  of  any'  book  of  Al- 
gebra piiblifhed  by  him  till  the  year  i 546,  the  year  after 
the  date  of  Cardan’s  work  on  Cubic  Equations,  when 
he  printed  his  ^ujiti  inf  Inventioni  diverfe^  at  Venice, 
where  he  refided  as  a public  ledfurer  on  mathematics. 
This  work  is  dedicated  to  our  king  Henry  the  Vlllth 
of  England,  and  confifts  of  9 books,  containing  anfwerg 
to  various  queftions  which  had  been  propofed  to  him 
at  different  times,  concerning  mechanics,  ftatics,  hy- 
droftatlcs,  &c.  ; but  it  is  onN  the. 9th,  or  laft,  that 
we  fliall  have  occafion  to  take  notice  of  In  this  place,  as 
it  contains  all  thofe  queftions  which  relate  to  arithmetic 
and  algebra.  Thefe  are  all  fet  down  hi  chronological 
order,  forming  a pretty  colledllon  of  queftions  and  folu- 
tlons  on  thofe  fubjedfs,  with  a fhort  account  of  the  occa- 
fion of  each  of  them.  Among  thefe,  the  correfpondence 
.between  him  and  Cardan  forms  a remarkable  part,  as 
we  have  here  the  hiftory  of  the  invention  of  the  rules 
for  cubic  equations,  which  he  communicated  to  Cardan, 
under  the  promife,  and  indeed  oath,  to  keep  them  fecret, 
on  the  25th  of  March  1539.  But,  notwithftanding  hi« 
oath,  finding  that  Cardan  publiffied  them  in  1545,  a« 
above  related.  It  feems  Tartalea  publiflied  the  corre- 
fpondence between  them  In  revenge  for  his  breach  of 
faith  ; and  It  clfewhere  appears,  that  many  other  ffiarp 
bickerings  paffed  between  them  on  the  fame  account, 
which  only  ended  with  the  death  of  Tartalea,  In  the 
year  1557*  It  feems  It  was  a common  practice  among 
the  mathematicians,  and  others,  of  that  time,  to  fend 
to  each  other  nice  and  difficult  queftions,  as  trials  of 
flclll,  and  to  this  caufe  it  is  that  we  owe  the  principal 
queftions  and  dlfcoverles  in  this  colledllon,  as  well  as 
many  of  the  beft  diCcoveries  of  other  authors.  The 
colledlion  now  before  us  contains  queftions  and  folu- 
tlons,  with  their  dates,  in  a regular  order,  from  the 
year  1521,  and  ending  in  1541,  in  42  dialogues,  the 
laft  of  which  is  with  an  Engliffi  gentleman,  namely, 
Mr.  Richard  Wentworth,  who  it  feems  was  no  mean 
mathematician,  and  vho  learned  fome  algebra,  &c,  of 
Tartalea,  while  he  rcfidcd  at  Venice.  The  queftions 
at  firft  are  moftly  very  eafy  ones  in  arithmetic,  but 
gradually  become  more  difficult,  and  exercifing  fimple 
and  quadratic  equations,  with  complex  calculations  of 
radical  quantities  : all  fliewing  that  he  was  well  fivilled 
in  the  art  of  Algebra  as  it  then  ftood,  and  that  he 
was  very  ingenious  in  applying  it  to  the  folutions  of 
queftions.  Tartalea  made  no  alteration  in  the  nota- 
tion or  forms  of  expreffion  ufed  by  Lucas  de  Burgo, 
calling  the  firft  power  of  the  unknown  quantity,  in  his 
language,  cofa^  the  fecond  power  the  third 

&c,  and  writing  the  names  of  all  the  operations  in  words 
at  length,  without  ufing  any  contraffions,  except  the 
initial  for  root  or  radicality'.  So  that  the  only  thing 
remarkable  in  this  coll^dlion,  is  the  difeovery  of  the  rules 
for  cubic  equations,  with  the  curious  circumftances  at- 
tending the  fame. 
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The  firft  two  of  thefe  were  difcovered  by  Tartalea 
jn  the  year  i 530,  namely  for  the  two  cafes  ~ c, 

and  A 3 c,  as  appears  by  Queft.  14  and  25  of 

th  Is  colle^lion,  on  occafion  of  a qucition  then  propofed 
to  him  by  one  Zuanni  de  Tonini  da  Coi  or  Colle, 
John  Hill,  who  kept  a fchool  at  Brefcla.  And  from 
the  25th  letter  we  learn,  that  he  difcovered  the  rules 
for  the  other  two  cafes  x'^-\-hx'  ~ c,  and  x^  = bx-\-  c, 
on  the  1 2th  and  13th  of  February  I53t»  at  Venice, 
where  he  had  come  to  relide  the  year  before.  And 
tlie  occafiion  of  it  was  this:  There  was  then  at  Venice 
one  Antonio  Maria  Fiore  or  Florido,  who,  by  his  own 
account^  had  received  from  his  preceptor  Scipio  Farreo, 
about  thirty  years  before,  a general  rule  for  refolving  the 
cafe  Being  a captious  man,  and  prefuming 

on  this  difcovery,  Florido  ufed  to  brave  his  contempo- 
raries, and  by  hisinfults  provoked  Tartalea  to  enter  into 
a wager  with  him,  that  each  Ihould  propofe  to  the 
other  thirty  different  queflions  ; and  that  he  who  fooneft 
refolved  thofe  of  his  adverfary,  fliould  win  from  him 
as  many  treats  for  himfelf  and  friends.  Thefe  queftions 
were  to  be  propofed  on  a certain  day  at  fome  weeks 
diftance  ; '=*nd  Tartalea  made  fiich  good  ufe  of  his  time, 
that  eight  days  before  the  time  appointed  for  deliver- 
ing the  propofitions,  he  difcovered  the  rules  both  for 
the  cafe  x'^  -\-hx=  4*,  and  the  cafe  x'^  = bx-\'C^  He  there* 
fore  propofed  feveral  of  his  queftions  fo  as  to  fall  either 
on  this  latter  cafe,  or  on  the  cafes  of  the  cube  and  fquare, 
expedling  that  his  adverfary  would  propofe  his  in  the 
former.  And  what  he  fufpe£led  fell  out  accordingly  ; 
the  confequence  of  which  was,  that  on  the  day  of  meet- 
ing Tartalea  refolved  all  his  adverfary’s  queftions  in  the 
fpace  of  two  hours,  without  receiving  one  anfwer  from 
Florido  in  return  ; to  whom,  however,  Tartalea  gene- 
roufly  remitted  the  forfeit  of  the  thirty  treats  won  of  him. 

Queftion  3 i firft  brings  us  acquainted  with  the  cor- 
refpondence  between  Tartalea  and  Cardan.  This  cor- 
refpondence  is  very  curious,  and  would  well  deferve  to 
be  given  at  full  length  in  their  own  words,  if  it  were 
not  too  long  for  this  place.  1 may  enlarge  farther  upon 
it  under  the  article  Cubic  Equations ; but  muft  here 
be  content  with  a brief  abftraft  only.  Cardan  was  then 
.a  refpedtable  phyficlan,  and  le6lurer  in  mathematics  at 
Milan  ; and  having  nearly  nniftied  the  printing  of  a 
large  work  on  Arithmetic,  Algebra,  and  Geometry,  and 
having  heard  of  Tartalea’s  difeoveries  in  cubic  equa- 
tions, he  was  very  defirous  of  drawing  thofe  rules  from 
him,  that  he  mig’it  add  them  to  his  book  before  It 
was  finiflied.  For  this  purpofe  he  firft  applied  to  Tar- 
talea, by  means  of  a third  perfon,  a bookfeller,  whom  he 
fent  to  him,  in  tlie  beginning  of  the  year  1539,  with 
•many  flattering  compliments,  and  offers  of  his  fervices 
and  friendfliip,  «3cc,  accompanied  with  fome  critical 
queftions  for  him  to  refolve,  according  to  the  cuftom  of 
the  times.  Tartalea  however  refufed  to  dlfclofe  his 
rules  to  any  one,  as  the  knowledge  of  them  gained  him 
great  reputation  among  all  people,  and  gave  him  a great 
advantage  over  his  competitors  for  fame,  who  were 
commonly  afraid  of  him  on  account  of  thofe  very  rules. 
He  only  fent  Cardan  therefore,  at  his'requeft,  a copy 
of  the  thirty  queftions  which  had  been  propofed  to  him 
in  the  conteft  with  Florido.  Not  to  be  rebuffed  fo  ea- 
lily,  Cardan  next  applied,  in  the  moft  urgent  manner, 
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by  letter  to  Tartalea ; which  however*  procured  from 
him  only  the  folution  of  fome  other  queftions  propofed 
by  Cardan,  with  a few  of  the  queftions  that  had  been 
propofed  to  Florido,  but  none  of  their  folutlons.  Find- 
ing he  could  not  thus  prevail,  with  all  his  fair  promifes, 
Cardan  then  fell  upon  another  fcheme.  There  was  at 
Milan  a certain  Marquis  dal  Vafto,  a great  patron  of 
Cardan,  and,  it  was  faid,  of  learned  men  in  general. 
Cardan  conceived  the  idea  of  making  ufe  of  the  influence 
of  this  nobleman  to  draw  Tartalea  to  Milan,  hoping 
that  then,  by  perfonal  intreaties,  he  fhould  fucceed  in 
drawinsf  the  longf- concealed  rules  from  him.  Accord- 
ingly  he  wrote  a fecond  letter  to  Tartalea,  much  in  the 
fame  ftrain  with  the  former,  ftrongly  inviting  him  to 
come  and  fpend  a few  days  in  his  houfe  at  Milan,  and 
reprefenting  that,  having  often  commended  him  in  the 
higheft  terms  to  the  marquis,  this  nobleman  deftred 
much  to  fee  him  ; for  which  reafon  Cardan  advifed 
him,  as  a friend,  to  come  to  vifit  them  at  Milan,  as  it 
might  be  greatly  to  his  intereft,  the  marquis  being  very 
liberal  and  bountiful ; and  he  befides  gave  Tartalea  to 
underftand,  that  it  might  be  dangerous  to  offend  fuch  a 
man  by  refufing  to  come,  who  might,  in  that  cafe,  take 
offence,  and  do  him  fome  injury.  This  manoeuvre  had 
the  defired  effeft  : Tartalea  on  this  occafion  laments  to 
himfelf  in  thefe  words,  “ By  this  I am  reduced  to  a 
great  dilemma  ; for  if  I go  not  to  Milan,  the  marquis 
may  take  it  amifs,  and  fome  evil  may  befal  me  on  that 
account  j I fhall  therefore  go,  although  very  unwill- 
ingly.”  When  he  arrived  at  Milan  however,  the 
marquis  was  gone  to  VIgeveno,  and  Tartalea  was  pre- 
vailed on  to  ftay  three  days  with  Cardan,  in  expectation 
of  the  marquis  returning,  at  the  end  of  which  he  fet  out 
from  Milan,  with  a letter  from  Cardan,  to  go  to  Vige- 
veno  to  that  nobleman.  While  Tartalea  was  at  Milan 
the  three  days.  Cardan  plied  him  by  all  poftible  means 
to  draw  from  him  the  rules  for  the  cubic  equations  ; and 
at  length,  juft  as  Tartalea  was  about  to  depart  from 
Milan,  on  the  25th  of  March  1539,  he  was  overcome 
by  the  moft  folemn  proteftatioiis  of  fecrecy  that  could 
be  made.  Cardan  fays,  “ I (hall  fwear  to  you  on  the 
holy  evangelifts,  and  by  the  honour  of  a gentleman,  not 
only  never  topnblifli  your  inventions,  if  you  reveal  them 
to  me  j but  I alfo  proralfe  to  you,  and  pledge  my  faith 
as  a true  chrlflian,  to  note  them  down  in  cyphers,  fo 
that  after  my  death  no  other  perfon  may  be  able  to  un- 
derftand them.’’  To  this  Tartalea  replies,  “ If  I refufe 
to  give  credit  to  thefe  affurances,  I fhould  defervedly  be 
accounted  utterly  void  of  belief.  But  as  I intend  to 
ride  to  VIgeveno,  to  fee  his  excellency  the  marquis,  as  I 
have  been  here  now  thefe  three  days,  and  am  weary  of 
waiting  fo  long  ; whenever  I return  therefore,  1 pro- 
mlfe  to  fliew  you  the  whole.”  Cardan  anfwers,  ‘‘  Since 
you  determine  at  any  rate  to  go  to  VIgeveno,  to  the  mar- 
quis, I fhall  give  you  a letter  for  his  excellency,  that 
he  may  know  who  you  are.  But  now  before  you  de- 
part, I intreat  you  to  fliew  me  the  rule  for  the  equa- 
tions, as  you  have  promifed.”  “ I am  content,”  fays 
Tartalea : “ But  you  muft  know,  that  to  be  able  on  all 
ocpafions  to  remember  fuch  operations,  I have  brought 
the  rule  into  rhyme  ; for  If  1 had  not  ufed  that  precau- 
tion^' 1 fhould  often  have  forgot  it ; and  althougli  my 
rhymes  are  not  very  good,  I do  not  value  that,  as  it  is 
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fufHcient  tliat  they  ferve  to  bring  the  rule  to  mind  as 
often  as  I repeat  them.  I fliall  here  write  the  rule  with 
my  own  hand,  that  you  may  be  fure  I give  you  the 
difeovery  exaftly.”  Thefe  rude  verfes  contain,  in  rather 
dark  and  enigmatical  language,  the  rule  for  thefe  three 
cafes,  viz. 

-i-Lv  = c,  *]  which  differ  however  only  in  the  fign  of 
-f  c,  I' one  quantity,  and  the  rule  amounts  to 
a’3  4-  £•  = ^v,  j this  : Find  two  numbers,  z.  and  )’>  fuch 
that  their  difference  in  the  firft  cafe,  and  their  fums  in 
the  2d  and  3d,  may  be  equal  to  c the  abfolute  number, 
and  their  product  equal  to  the  cube  of  ^ of  ^ the 
coefffeient  of  the  lefs  power  ; then  the  difference  of 
their  cube  roots  will  be  equal  to  x in  the  firft  cafe,  and 
the  fum  of  their  cube  roots  equal  to  x 111  tlie  2d  and  3d 
cafes:  that  is,  taking  z—y=c  in  the  ift  cafe,  orz  -f  y = c 
in  tlte  2d  and  3d,  and  %y  — then  .v  “ l/z  — \/ y 

in  the  firft  cafe,  and  x ■=■  \/z  ^y  in  the  other  two.  At 

parting,  T,  fails  not  again  to  remind  C.  of  his  obligation : 
“ Now  your  excellency  will  remember  not  to  break  your 
promifed  faith,  for  if  unhappily  you  fhould  infert  thefe 
rules  either  in  the  work  you  are  now  printing,  or  in  any 
other,  although  you  fliould  even  give  them  under  my 
name,  and  as  of  my  invention,  I promife  and  fwear 
that  I fliall  Immediately  print  another  work  that  will  not 
be  very  pleafing  to  you,’^  Doubt  not,  fays  C.  but  that 
1 fliall  obferve  what  I have  promifed  : Go,  and  reft  fe- 
cure  as  to  that  point : and  give  this  letter  of  mine  to  the 
marquis.”  It  fliould  feem  however  that  T.  was  much 
difpleafed  at  having  fuffered  himfelf  to  be  worried  as  it 
were  out  of  his  rules,  for  as  foon  as  he  quitted  Milan, 
inftead  of  going  to  wait  upon  the  marquis,  he  turned 
his  horfe’s  head,  and  rode  ftraight  home  to  Venice,  fay- 
ing to  himfelf,  “ By  my  faith  1 fhall  not  go  to  Vigeveno, 
but  fhall  return  to  Venice,  come  of  it  what  will.” 

After  T’s  departure  it  feems  C.  applied  himfelf  im- 
mediately to  refolving  fome  examples  in  the  cubic  equa- 
tions by  the  new  rules,  but  not  fucceeding  in  them,  for 
indeed  he  had  miftaken  the  words,  as  it  was  very  eafy  to 
do  in  fuch  bad  verfes,  having  miftaken  for  3*^^, 

or  the  cube  of  of  the  coefficient,  for  | of  the 
cube  of  the  coefficient ; accordingly  we  find  him  writ- 
ing to  T.  in  fourteen  days  after  the  above,  blaming  him 
much  for  his  abrupt  departure  without  feeing  the  mar- 
quis, who  was  fo  liberal  a prince  he  fald,  and  requeftlng 
T.  to  refolve  iiim  the  example  -f  3*v  = 10.  ThisT. 
did  to  his  fatisfaftion,  rightly  gueffing  at  the  nature  of 
his  mlftake;  and  concludes  his  anfwer  with  thefe  empha- 
tical  ivords,  “Remember  your  promife.”  On  the  12th 
of  May  following  C.  returns  him  a letter  of  thanks,  to- 
gether with  a copy  of  his  book,  faying,  “ As  to  my 
work,  juft  finifhed,  to  remove  -y^our  fufpicion,  I fend 
you  a copy,  but  unbound,  as  it  is  yet  too  frefh  to  be 
beaten.  P>ut  as  to  the  doubt  you  exprefs  left  I may 
print  your  inventions,  my  faith  which  I gave  you  with 
an  oath  ftiould  fatisfy  you  ; for  as  to  the  flnlfhing  of 
my  book,  that  could  be  no  fecurlty,  as  I could  always 
add  to  it  whenever  I pleafe.  But  on  account  of  the 
dignity  of  the  thing,  i excufe  you  for  not  relying  on 
that  which  you  ought  to  have  done,  namely  on  the  faith 
of  a gentleman,  inftead  of  tire  finlftiing  of  a book, 
which  might  at  any  time  b^  enlarged  by  the  addition  of 
new  chapters  ; and  there  are  befides  a thoufand  other 
.ways.  But  the  fecurlty  cenuUs  in  this,  that  there  is  no 


greater  trcachety  than  to  break  one’s  faith,  and  to 
grieve  thofe  who  have  given  us  pleafure.  And  when  you 
fhall  try  me,  you  will  iind  whether  I be  your  friend  or 
not,  and  whether  I fhall  make  an  ungrateful  return  for 
your  friendlhip,  and  the  fatisfadlion  you  have  given 
me.” 

It  was  within  lefs  than  two  months  after  this,  however, 
that  T.  received  the  alarming  news  of  Cardan’s  ihewing 
fome  fyinptoms  of  breaking  the  faith  he  had  to  lately 
pledged  to  him  ; this  was  in  a letter  from  a quondam 
pupil  of  his,  in  which  he  writes,  “A  friend  of  mine 
at  Milan  has  written  to  me,  that  Dr.  Cardano  is  com-- 
pofing  another  algebraical  work,  concerning  fome  lately- 
dlfcovered  rules  ; hence  I imagine  they  may  be  thote 
fame  rules  which  you  told  me  you  had  taught  him  ; fo 
that  I fear  he  will  deceive  you.”  To  which  T.  replies, 
“ I am  heartily  grieved  at  the  news  you  inform  me  of, 
concerning  Dr.  Cardano  of  Milan  ; for  if  it  be  true, 
they  can  be  no  other  rules  but  tliofe  I gave  him  ; and 
therefore  the  proverb  truly  fays,  ‘ Tliat  which  you  vviffi 
not  to  be  known,  tell  to  nobody.’  Pi  ay  endeavour  to 
learn  more  of  this  matter,  and  inform  me  of  It.” 

Taitalea,  after  this,  kept  on  the  referve  with  Cardan, 
not  anTwering  feveral  letters  he  fent  him,  till  one  written 
on  the  4th  of  Auguft  the  fame  year,  1539,  complain- 
ing  greatly  of  T’s  negledl  of  him,  and  farther  requeiling 
his  afiiftance  to  clear  up  the  difficulty  of  the  Irreducible 
cafe  x^  = bx  -{•  c,  which  C.  had  thus  early  been  embar- 
raffed  with  : hefaysthat  when  exceeds  the 

rule  cannot  be  applied  to  tlie  equation  In  hand,  becaufc 
of  the  fquare  root  of  the  negative  quantities.  On  this 
occafion  T.  turns  the  tables  on  C.  and  plays  his  own 
game  back  upon  him  ; for  being  aware  of  the  above 
difficulty,  and  unable  to  overcome  it  himfelf,  he  wanted 
to  try'  if  C.  could  be  encouraged  to  accompll/h  it,  by* 
pretending  that  the  cafe  might  be  done,  though  in  ano- 
ther way.  He  fays  thus  to  himfelf,  “ I have  a good 
mind  to  give  no  anfwer  to  this  letter,  no  more  than  to 
the  other  two.  However  I will  anfwer  it,  if  it  be  but 
to  let  him  know  what  I have  been  told  of  him.  And  as 
I perceive  that  a fufpicion  has  arifen  concerning  the  dif- 
ficulty or  obftacle  in  the  rule  for  the  cafe  = bx  + r, 

I have  a mind  to  try  If  he  can  alter  the  data  In  hand,  fo 
as  to  remove  the  fald  obftacle,  and  to  change  the  rule  in- 
to another  form,  although  I believe  indeed  that  It  can- 
not be  done ; however  there  Is  no  harm  in  tiying.”  — “M* 
Flleronime,  1 have  received  your  letter,  in  which  you 
write  that  you  underhand  the  rule  for  the  cafe  — ^x-4- 
r,  but  that  when  ( exceeds  ( ic)-,  you  cannot  re- 
folve the  equation  by  following  the  rule,  and  tliereforc 
you  requeft  me  to  give  you  the  folution  of  this  equa- 
tion .v^  = qA'  -f  10.  To  which  I replyj  that  you  have 
not  iifed  a good  method  In  that  cafe,  and  that  your 
whole  procefs  is  intirely  falfc.  And  as  to  refolving  you 
the  equation  you  have  fent,  I muft  fay  that  I am  very 
forry  that  I have  already  given  you  fo  mucli  as  I have 
done,  for  I have  been  Informed,  by  a credible  perfon, 
that  you  are  about  to  publlfh  another  Algebraical  work, 
and  that  you  have  been  boalling  through  Milan  of  having 
difeovered  fome  new  rules  in  algebra.  But,  take  notice, 
that  If  you  break  your  faith  with  me,  I fliall  certainly 
keep  my  word  with  yon,  nay,  I even  affure  you  to  do 
more  than  1 proiniftd.”  In  Cardan’s  anfwer  to  this  h^ 
fays,  “ You  have  been  miiinformed  as  tp  my  intention  to 
L 2.  publijji 
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publifh  moreoji  Algebra.  But  I fuppofe  you  have  heard 
fornething  about  my  work  de  mydenis  ittcrnitatiSy  which 
you  take  for  feme  Algebra  1 intend  to  publifh.  As  to 
your  repenting  of  having  given  me  your  rules,  I am  not 
to  be  moved  from  the  faith  I promifed  you  for  any  thing 
you  fay.”  To  this,  and  many  other  things  contained 
in  the  fame  letter,  T.  returned  no  anfwer,  being  flill 
fufpicioiis  of  Cardan’s  intentions,  and  declining  any 
more  correfpoudence  with  him.  This  however  did  not 
difeourage  C.  for  we  hnd  him  writing  again  to  T.  on 
the  5th  of  January,  1540,  to  clear  up  another  difficulty 
which  had  occurred  in  this  bulinefs,  namely  to  extradf 
the  cube  root  of  the  binomials,  of  which  the  two  parts 
of  the  rule  always  conlifled,  and  for  which  purpofe  it 
feems  C.  had  not  yet  found  out  a rule.  On  this  occafion 
he  informs  T.  that  his  quondam  competitor  Zuanne  Colle 
had  come  to  Milan,  where,  in  foine  contehs  between 
them,  Colle  gave  Cardan  to  imderfland  that  he  had  found 
out  the  rules  for  the  two  cafes  -f-  hx  = c,  and  x^  — hx 
-f  and  farther  that  he  had  difeovered  a general  rule  for 
extract; inof  the  cube  roots  of  all  fuch  binomials  as  can  be 
cxtradled;  and  that,  in  particular,  the  cube  root  of  \/ lo2 
+ 10  is  .C3  + and  that  of  ^loS  — lo  is  ^/3  — i, 

and  confequently  that  \X  ^^108  y'loS  — 10 

is  ~ ^3 -f-  I — — 1=2.  He  then  earned ly  entreats 

T.  to  try  to  find  out  the  rule,  and  the  folution  of  certain 
other  quellions  which  had  been  propofed  to  him  by  Colic. 
By  this  letter  T.  is  Itlil  more  confirmed  in  his  refolii- 
tion  of  filence  ; fo  that,  without  returning  any  anfwer, 
he  only  fets  down  among  his  owm  memorandums  fome 
curious  remarks  on  the  contents  of  the  letter,  and  then 
concludes  to  himfelf,  “ Wherefore  1 do  not  choofe  to 
anfwer  him  again,  as  I have  no  more  affedlion  for  him 
than  ft)riV].  Zuanne,  and  theiefore  I fiiall  leave  the  matter 
between  them.”  Among  thofc  remarks  he  fets  down  a 
rule  for  extradfing  the  cube  root  of  fuch  binomials  as  can 
be  extradled,  and  that  is  done  from  either  member  of 
the  binomial  alone,  thus  : Take  either  term  of  the  bi- 
nomial, and  divide  it  Into  two  fuch  parts  that  one  of 
them  may  be  a complete  cube,  and  the  other  part  ex- 
adfly  divifiblc  by  3;  then  the  cube  root  of  the  faid  cubic 
part  will  be  one  term  of  the  required  root,  and  the  fquare 
root  of  the  quotient  arlfing  from  the  divifion  of  3-  of  the 
2d  part  by  the  cube  root  of  the  firft,  will  be  the  other 
member  of  the  root  fought.  This  rule  will  be  better 
under  hood  in  charadters  thus  : let  m be  one  member  of 
the  given  binomial,  vvhofe  cube  root  is  fought,  and  let  it 
be  divided  into  the  two  parts  ^3  and  3^^,  fo  that  -|-  3^ 

\>c  =zm  i then  is  J-  the  cube  root  required,  if  it 

a 

^lave  one.  Thus  in  the  quantity  108-}- 10,  taking 
the  term  10  for  w,  then  10  divides  into  i and  9,  where 

or  and  3^  =:  9 or  ^ 3 : therefore  rr -f 

becomes  i + \/3  for  the  cube  root  of  108  + And 
taking  the  other  member  ^/foS,  this  divides  into  the 
two  equal  parts  ^ i']  and  v^27,  making  al  = /v/27,  and 
3^=  > hence  a~  .^3,  and  h~  ^/3  alfo  ; confequeut- 

ly  a + is  = ;y/3  -H  ^ I or  ^3  + I for  the  cube  root 

of  the  binomial  fought,  the  fame  as  before.  “ Andthusj 
he  adds,  we  may  know  whether  any  propofed  binomial 


or  refidual  be  a cube  or  a noncube  ; for  If  it  be  a cube, 
the  fame  two  terms  for  the  root  muft  arife  from  both 
the  given  terms  feparately  ; and  If  the  two  terras  of  the 
root  cannot  thus  be  brought  to  agree  both  ways,  fuch* 
binomial  or  refidual  will  not  be  a cube.”  And  thus  ends 
the  correfpondence  between  them,  at  lead:  for  this  time. 
But  it  feems  they  had  ftill  more  violent  difpiites  when 
C.  in  violation  of  his  faith  fo  often  pledged  to  the  con- 
trary, publiffied  his  work  on  cubic  equations  4 years 
afterwards,  viz,  in  the  year  1545,  of  which  we  have 
before  given  an  account,  which  difputes,  It  is  faid,  con- 
tinued till  the  death  of  Tartalea  in  the  year  15  5: 7* 

The  lad  article  in  the  volume  contains  a dialogue  on 
fomc  other  forms  of  the  cubic  equations,  in  the  year 
1541,  between  T.  and  a Mr.  Richard  Wentworth, 
an  Englifh  gentleman,  who  it  feenis  had  relided  fomc 
time  at  Venice,  on  fome  public  fervice  from  England, 
as  T.  in  the  dedication  of  the  volume  to  Heruy  Vlll. 
king  of  England,  makes  mention  of  him  as  “ a gen- 
tlensan  of  his  facred  majeily.”  Mr.  Wentworth  had 
learned  fome  mathematics  of  T.  and  being  about  to 
depart  for  England,  requefts  T.  to  fhew  him  his  newdy 
difeovered  rules  for  cubic  equations,  as  a farewell-leflbn  ; 
and  It  Is  worth  while  to  note  a few  particulars  in  this 
conference,  as  they  fhew  pretty  nicely  the  limited 
knowledge  of  T.  at  that  time,  as  to  the  nature  and 
roots  of  fuch  equations.  T.  had  before,  it  feems, 
ffiewed  Mr,  W.  the  rules  for  the  cafes  of  the  3d  and  ill 
powers,  and  now  the  latter  defires  him  to  do  the  fame 
as  to  the  three  cafes  in  which  the  3d  and  2d  powers  only 
are  concerned.  On  this  T.  profeffes  great  gratitude 
to  Mr.  W.  for  many  obligations,  but  defires  to  be  ex- 
cufed  from  giving  him  the  rules  for  thefe,  becaufe  he 
fays  he  intends  foon  to  compofe  a new  work  on  Arith- 
metic, Geometry,  and  Algebra,  which  he  Intends  to 
dedicate  to  him,  and  in  which  he  means  to  infert  all 
his  new  difeoveries.  On  Mr.  W.  urging  him  further, 
T.  gives  him  the  roots  of  fome  equations  of  that  kind, 
as  for  inftance : 

If  4^  -k  6x"  ~ 100,  then 

\ 

X = ^42  4-  7C00  + .^42  — 1 7000  --  2, 

If  ,%’3  -b  9.^*  = 100,  then  X rn  ^/24  - 2, 

If  w3  -b  3^^  = 2,  then  x = tj 4 — I, 

If  a'3  -b  4 = 5^*,  then  A*  rr:  a/S  + 2, 

If  4-  6 = 7.V®,  then  .v  = y'ly  + 3 ; 

but  not  the  rules  for  finding  them. 

In  the  courfe  of  the  converfation  T.  tells  him  that 
**  all  fuch  equations  admit  of  two  different  anfwers, 
and  perhaps  more  ; and  hence  It  follows  that  they  have, 
or  admit  of,  two  different  rules,  and  perhaps  more,  the 
one  more  difficult  than  the  other.”  And  on  Mr.  W. 
expreffing  his  wonder  at  this  circumftance  of  a plurality 
of  roots,  T.  replies,  “It  is  however  very  true,  though 
hardly  to  be  believed,  and  indeed  if  experience  had  not 
confirmed  it,  I Ihould  fcarccly  have  believed  it  myfelf.” 
He  then  commits  a llrange  blunder  in  an  example  which 
he  takes  to  illullrate  this  by,  namely  the  equation 

^ ziz  I4t  which,  he  fays,  it  is  evident  has  the 
number  2 for  one  of  its  roots ; and  yet,  he  adds, 
“ whoever  (hall  refolve  the  fame  equation  by  my  rule, 

will  find  the  value  of  5c  to  be  ^7  -b  a/so  ff- 

^^7  •"  which  is  proved  to  be  a true  root  by  fub- 

ftituting 
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ftJtuting  it  in  the  equation  for  x.  And  therefore, 
continues  he,  it  Is  manifell  that  the  cafe  + dx  = c 
admits  of  two  rules,  namely,  one  (as  in  the  above  ex- 
ample) which  ought  to  give  the  walue  of  x rational, 
viz  2,  and  the  other  is  my  rule,  which  gives  the  value 
of  X Irrational,  as  appears  above  ; and  there  Is  reafon 
to  think  that  there  may  be  fuch  a rule  as  will  give  the 
value  of  A = 2,  although  our  anceftors  may  not  have  • 

found  It  out.” And  thefe  two  different  anfwers 

will  be  found  not  only  in  every  equation  of  this  form 

+ bx  = Cf  when  the  value  of  a happens  to  be  rati- 
onal, as  In  the  example  ::=!  14  above,  but  the 

fame  will  alfo  happen  in  all  the  other  five  forms  of 
cubic  equations  : and  therefore  there  is  reafon  to  think 
that  they  alfo  admit  of  two  different  rules  | and  by 
certain  circumflances  attending  fome  or  them,  I am 
almofl  certain  that  they  admit  of  more  than  two  rules, 
as,  God  willing,  I (hall  foon  demonllrate.”  Now  all  this 
difcourfe  fliews  a flrange  mixture  of  knowledge  and  Ig- 
norance : it  Is  very  probable  that  he  had  met  with  fome 
equations  which  admit  of  a plurality  of  roots  ; indeed  it 
was  hardly  poflible  for  him  to  avoid  it;  but  it  feems  he 
had  no  fufpiclon  w'hat  the  number  of  roots  might  be, 
nor  that  his  reafoning  in  this  inflance  was  founded  on 

an  error  of  his  own,  miflaking  the  root  x ^ t */ 

4-  Sy'y  _ y'yo,  of  the  equation  + 3*^  = 
a different  root  from  the  number  or  root  2,  when  m 
reality  It  Is  the  very  fame,  as  he  might  eafily  have  found, 
if  he  had  extraded  the  cube  roots  of  the  binomials  by 
the  rule  which  he  himfelf  had  juft  given  above  for 
that  purpofe  : for  by  that  rule  he  would  have  found 

I'l  4-  \/50  = ^ and  ^7  - >/50  i — 

2^  and  therefore  their  fum  Is  2 — a,  the  fame  root 
aS  the  other,  which  T,  thought  had  been  different. 
And  befides  this  ro6t  2,  the  equation  In  hand,  a^  + 3A 
= 14,  admits  of  no  other  real  roots.  Nor  does^  any 
equation  of  the  fame  form,  a^  lx  =■  c,  admit  of 
more  than  one  real  root. 

It  feems  alfo  they  had  not  yet  difcovered  that  all 
cafes  belong  to  the  rules  and  forms  for  quadratic  equa- 
tions, which  have  only  two  powers  In  them,  in  which 
the  exponent  of  the  one  is  juft  double  of  the  expo- 
nent of  the  other,  as  bx^  — c ; but  fome  parti- 

cular cafes  only  of  this  fort  they  had  as  yet  ventured 
to  refer  to  quadratics,  as  the  cafe  a*^  4-  = c.  But 

in  the  conclufion  of  this  dialogue  T.  Informs  \V.  of 
another  cafe  of  this  fort  which  he  had  accomplilhed,  as 
a notable  dlfcovery,  in  thefe  words  : “ I well  remem- 
ber, fays  he,  that  in  the  year  1536,  on  the  night  of 
St.  Martin,  which  was  on  a Saturday,  meditating 
in  bed  when  I could  not  fleep,  I difcovered  the  general 
lule  for  the  cafe  4-  bx^  = c,  and  alfo  for  the  other 
two,  its  accompanying  cafes,  in  the  fame  night.”  And 
then  he  diredls  that  they  are  to  be  refolved  like  qua- 
dratics, by  completing  the  fqiiare,  &c.  And  in  thefe 
refolutions  it  is  remarkable  that  he  ufrs  only  the  pofitive 
roots,  without  taking  any  notice  of  the  negative  ones. 

Tartalea  alfo  publlftied  at  Venice,  in  1556,  &c,  a 
very  large  work,  in  folio,  on  Arithmetic,  Geometry, 
and  Algebra.  This  is  a very  complete  and  curious 
work  upon  the  firft  two  branches ; but  that  of  Alge- 
bra is  carried  no  farther  than  quadratic  equations, 


called  booh  the with  which  the  work  terminates.'^ 
It  is  evidently  Incomplete,  owing  to  the  death  of  the 
author,  which  happened  before  this  latter  part  of  the 
work  was  printed,  as  appears  by  the  dates,  and  by  t e 
prefaces.  It  appears  alfo,  from  feveral  parts  of  this 
work,  that  the  author  had  many  fevere  conflids  with 
Cardan  and  his  friend  Lewis  Ferrari : and  particular  y, 
there  was  a public  trial  of  flcill  between  them,  in  t c 
year  1347  ; in  which  it  would  feem  that  1 artaleaha 
greatly  the  advantage,  his  queftlons  moftly  remaining 
unanfwered  by  his  antagoiiifts, 

OF  MICHAEL  STIFELIUS. 

After  the  foregoing  analyfis  of  the  works  of  the  firft 
algebraic  writers  in  Italy,  It  will  now  be  proper  to  con- 
fidcr  thofe  of  their  contemporaries  In  Germany  ; where, 
excepting  for  the  difeoveries  in  cubic  equations,  the 
art  was  in  a more  advanced  ftate,  and  ot  a form  ap- 
proaching nearer  to  that  of  our  modem  Algebra  ; the 
ftate  and  circumftances  indeed  being  fo  different,  that 
one  'u'ould  almoft  be  led  to  fuppofe  they  had  derived 
their  knowledge  of  it  from  a different  origin. 

Here  Stifellus  and  Scheubcllus  were  writers  of  the 
fame  time  with  Cardan  and  Tartalea,  and  even  before 
their  difeoveries,  or  publication,  concerning  the  rules 
for  cubic  equations,  Stifellus’s  Anthmetica  Integra  was 
publlflicdat  Norimberg  In  1544>  being  the  y^ear  before 
Cardan’s  work  on  cubic  equations,  and  is  an  excellent 
treatlfe,  both  on  Arithmetic  and  Algebra.  The  work  is 
divided  Into  three  books,  and  Is  prefaced  with  an  Intro- 
duiftlon  by  the  famous  Melanchthon.  The  firft  book 
contains  a complete  and  ample  Freatife  on  Aiithmetlc, 
the  fecond  aii  Expofition  of  the  loth  book  of  Euclid  s 
Elements,  and  the  third  a Treatlfe  of  Algebra,  and  it 
is  therefore  properly  the  part  with  which  we  are  at 
prefent  concerned.  In  the  dedication  of  this  part,  he 
afcribes  the  Invention  of  Algebra  to  Gcber,  an  Arabic 
Aftronomer  ; and  mentions  beiides,  the  authors  Cam- 
panus,  Chrift.  Rudolph,  and  Adam  Ris,  Rifen,  or 
GIgas,  whofe  rules  and  examples  he  has  chiefly  given. 
In  other  parts  of  the  book  he  fpeaks,  and  makes  ufc 
alfo,  of  the  works  of  Bretius,  Campanus,  Cardan 
(I.  e.  his  Arithmetic  publifhed  In  i 539,  before  the  work 
on  cubic  equations  appeared),  de  Cufa,  Euclid,  Jordan, 
Mlllchlus,  Schonerus,  and  Stapulenfis. 

Chap.  I.  Of  the  Rule  of  Algebra,  and  its  parts,  Sti- 
fellus here  defcribes  the  notation  and  marks  of  powers, 
or  denominations  as  he  calls  them,  which  marks  for  the 
feveral  powers  are  thus  : 

ift,  2d,  3d,  4th,  5th,  6th,  &c. 

3,  3 3,  A 3ff,  &€• 

which  are  formed  from  the  Initials  of  the  barbarous  way 
in  which  the  Germans  pronounced  and  wrote  the  Latin 
and  Italic  names  of  the  powers,  namely,  res  or  cofa,  zen- 
fus,  cubo,  zenfi-zenfus,  furfolid,  zenfi-cubo,  ficc.  And 
the  cofs  or  firft  power  he  calls  the  radix  or  root, 
which  is  the  firft  time  that  we  meet  with  this  word  in 
the  printed  authors.  He  alfo  here  iifcs  the  figns  or 
characters,  + and  — , for  addition  and  fubtradlon,  and 
the  firft  of  any  that  I know  of ; for  in  Italy  they  ufed 
none  of  thefe  characters  for  a long  time  after.  He  ha* 
no  mark  however  for  equality,  but  makes  ufe  of  the 
word  itfelf. 
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%,  Of  th<*  Pat. ; of  the  Rule  of  Geher  or  Al- 
gebra ; teaching  the  various  redu6lions  by  addition, 
iubtradlion,  multiplication,  divifion,  involution,  and 
evolution,  &c. 

Chap.  3.  Of  the  Algorithm  of  Coflic  Numbers : 
teaching  the  ufual  operations  of  addition,  fubtraftlon, 
multiplication,  divifion,  involution,  and  extraction  of 
roots,  much  the  fame  as  they  are  at  prefent.  Single 
terms,  or  powers,  he  calls  fimple  quantities  ; but  fuch  . 
as  13  4*  1 ^ a compofite  or  compound,  and  2:^  — 8 a 
defective  one.  In  multiplication  and  divifion,  he  proves 
that  like  fignsgive  and  unlike  figns  — . He  (hews  that 

the  powers  J,  3,  (f , &c,  form  a geometrical  progref- 
fion  from  unity  ; and  that  the  natural  feries  of  numbers 
o,  I,  2,  3,  &c,  fromo,  are  the  exponents  of  the  coflic 
powers  ; and  he,  for  the  firfl;  time,  exprefsly  calls  them 
exponents : thus. 


Exponents,  o,  i,  2,  3,  4,  5,  6,  See. 

Powers,  I,  3,  (f,  See. 

And  he  fhews  the  ufe  of  the  exponents,  in  multipli- 
cation, divifion,  powers,  and  roots,  as  we  do  at  prefent ; 
viz,  adding  the  exponents  In  multiplication,  and  fub- 
traCling  them  in  divifion,  Sec.  And  thefe  operations  he 
demonlirates  from  the  nature  of  arithmetical  and  geo- 
metrical progrellions.  It  is  remarkable  that  thefe  com- 
pound denominations  of  the  powers  are  formed  from  the 
fimple  ones  according  to  the  products  of  the  exponents, 
while  thofe  of  Diophantus  are  formed  according  to  the 
Jums  of  them  ; thus  the  6th  power  here  is  3 tf  oi'  qua- 
dratO'Cubl,  but  with  Diophantus  it  is  cubo-cubi  ; and 
fo  of  others.  Which  is  prefumptive  evidence  that  the 
Europeans  had  not  taken  their  Algebra  immediately 
from  him.  Independent  of  other  proofs. 

Chap.  4.  Of  the  extraction  of  the  roots  of  coflic  num- 
bers. Pie  here  treats  of  quadratic  equations,  which  he 
refolves  by  completing  the  fquare,  from  Euclid  II.  4 &c. 
Alfo  quadratics  of  the  higher  orders,  lliewing  how  to 
refolve  them  in  all  cafes,  whatever  the  height  may  be, 
provided  the  exponents  be  but  in  arithmetical  progref- 
fion,  as 


2,  I, 
4>  2, 
6,  3, 
4> 

Chap. 


O 

o 
o 
O J 


I Sec  5 where  it  is  plain  that  he  always 
> counts  o for  the  exponent  of  the  un- 
I known  quantity,  In  the  abfolute  term. 


Of  irrational  coflic  numbers,  and  of  furd 
or  negative  numbers.  In  this  treatife  of  radicals,  or  Ir- 
rationals, he  firfl  ufes  the  character  a/  to  denote  a root, 
and  fets  after  it  the  mark  of  the  power  whofe  root  is  in- 
tended ; as  >y/3  20  for  the  fquare  root  of  20,  and  a/  <d’  20 
for  the  cube  root  of  the  fame,  and  fo  on.  He  treats 
here  alfo  of  negative  numbers,  or  whrt  he  calls  furd  or 
fictitious,  or  numbers  lefs  than  o.  Cn  which  he  takes 
occafion  to  obferve,  thatwEen  a geometrical  progreflion 
is  continued  downwards  below  i,  then  the  exponents  of 
the  terms,  or  the  arithmetical  progreflion,  will  go  below 
o into  negative  numbers,  and  will  yet  be  the'trUe  ex- 
ponents of  the  former;  as  In  thefe, 


Expon.  I —3  I —2  I —I  I o 1 I 


Pow.  14  1 II  t I ‘ 1'  ^ I 4 I 8 I 
And  he  gives  examples  to  fhew  that  thefe  negative 
Exponents  perform  their  office  the  fame  as  the  pofitive 
ones,  in  all  the  operations. 


ChaJ>.  6*  Of  the  perfc£llon  of  the  Rule  of  Algebra, 
and  of  Secondary  Roots,  In  the  reduclion  of  equations 
he  ufes  a more  general  rule  than  thofe  who  had  pre- 
ceded him,  who  detailed  the  rule  in  a multitude  of 
cafes ; inllead  of  which,  he  dIreCts  to  multiply  or  di- 
vide the  two  fides  equally,  to  tranfpofe  the  terms  with 
4-  or  — , and  laftly  to  extraCl  fuch  root  as  may  be  de- 
noted by  the  exponent  of  the  higheft  power. 

As  to  fecondary  roots.  Cardan  treated  of  a 2d  ignota 
or  unknown,  which  he  called  quantltas^  and  denoted  it 
by  the  initial  y,  to  diftingiiifii  it  from  the  firfl.  But 
here  Stifelius,  for  diflinHIon  fake,  and  to  prevent  one 
root  from  being  miflaken  for  others,  afligns  literal 
marks  to  all  of  them,  as  A,  B,  C,  D,  &c,  and  then 
performs  all  the  ufual  operations  wnth  them,  joining 
them  together  as  we  do  now,  except  that  he  fubjoins  tbe 
initial  of  the  power,  inllead  of  its  numeral  exponent  i 

thus,  3AInto  9B  makes  27 AB, 

33  into  4B  makes  12  3 B, 

2^f  into4A3  makes  8yf  A3, 

1 A fquared  makes  1 A 3 , 

6 into  3C  makes  18C, 

2 A3  into  makes  loAfs,  Sec,  Sec. 

8 ff  A3  divided  by  4 makes  2 Al 3,  Sec. 

The  fquare  root  of  25 A3  is  5 A,  Sec. 

Alfo  2 A added  to  2:^  makes  2:^  4-  2 A, 
and  zA  fubtr.  from  2^  makes  — 2A, 

And  he  flrews  how  to  ufe  the  fame,  in  queflions  con- 
cerning feveral  unknown  numbers ; where  he  puts  a 
different  charaCler  for  each  of  them,  as;^,  A,  B,  C,  &c  ; 
he  then  makes  out,  from  the  conditions  of  the  quefllon, 
as  many  equations  as  there  are  characters ; from  thefe 
he  finds  the  value  of  each  letter,  in  terms  of  fome  one  of 
the  reft  ; and  fo,  expelling  them  all  but  that  one,  reduces 
the  whole  to  a final  equation,  as  we  do  at  prefent. 

The  remainder  of  the  book  is  employed  with  the 
folutions  of  a great  number  of  queflions  to  exercife  all 
the  rules  and  methods ; fome  of  vvhicii  are  geometrical 
ones,  ■ 

From  this  account  of  the  ftate  of  Algebra  in  Stifelius, 
it  appears  that  the  improvements  made  by  himfelf,  or 
other  Germans,  beyond  thofe  of  the  Italians,  as  con- 
tained in  Cardan’s  book  of  15  39,  were  as  follow  : 

I ft.  He  introduced  the  characters  -k,  — , */ , fof 
plus,  minus,  and  root,  or  radix,  as  he  calls  it. 

2d.  The  initials  Op,  3j  Cf»  &;c.  for  the  powers.^ 

3d.  Tie  treated  all  the  higher  orders  of  quadratics  by 
the  fame  general  rule. 

4th.  He  introduced  the  numeral  exponents  of  the 
powers,  —3,  — 2,  — I , D,  I,  2,  3,  &c,  both  pofitive  and 
negative,  fo  far  as  integral  numbers,  but  not  fradlional 
ones ; calling  them  by  the  name  exponens,  exponent : 
and  he  taught  the  general  ufes  of  the  exponents,  in  the 
feveral  operations  of  powers,  as  we  now  ufe  them,  or 
the  logarithms. 

3th.  And  laftly,  he  ufed  the  general  literal  notation 
A,  B,  C,  D,  tec,  for  fo  many  different  unknown  or 
general  quantities.  ■ ^ 

OF  SCHEUBEI.IVS. 

John  Scheubeliuj  publifhed  feveral  books  upon  Arith- 
metic and  Algebra.  The  one  now  before  me,  is  Intitled 
jllgchra  Compendiofa.  Fac'difque  Deferiptio,  qua  depro* 
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muHtur  magna  Arlthmetices  miracula,  Authore  yohanne 
Scheubelio  Mathematic  arum  Profejfore  in  Academia  Tu~ 
hingftift,  Parifiis  i 552.  But  at  the  end  of  the  book  it 
j8  dated  1551*  ^ ^e  work  is  mod  beautifully  printed, 

and  is  a very  clear  and  fuccinft  treatife  ; and  both  in 
the  form  and  matter  much  refembles  a modern  printed 
book.  He  fays  that  the  writers  afcribe  this  art  to  Di- 
ophantus,  which  is  the  firft  time  that  I find  this  Oreek 
author  mentioned  by  the  modern  algebraifts  : he  farthei 
obferves,  that  the  Latins  call  it  Regula  Rei  ^ Cenfus,  the 
rule  of  the  thing  and  the  fquare  (or  of  the  ill  and  2d 
power)  j and  the  Arabs,  Algebra.  His  chavadtcrs  and 
operations  are  much  the  fame  as  thofe  of  Stifelius,  ufing 
the  ligns  and  charadlers  +,  — , , and  the  powers  ^ , 

(f , &c,  where  the  charafler  is  ufed  for  1 or  uni- 
ty, or  a number,  or  the  o power ; prefixing  alfo  the  nu- 
meral coefficients ; thus 44/ 3 4-  113  + 3^^  53^* 

He  ufes  alfo  the  exponents  o,  1,2,  g.  See,  of  the  powers, 
the  fame  way  as  Stifelius,  before  him.  He  performs  the 
algebraical  calculations,  firft  in  integers,  and  then  in 
fradions,  much  the  fame  as  we  do  at  prefent.  Then  of 
equations,  which  he  fays  may  be  of  infinite  degrees, 
though  he  treats  only  of  two,  namely  the  firft  and  fecond 
orders,  or  what  we  call  fimple  and  quadratic  equations, 
in  the  ufual  way,  taking  however  only  the  pofitive  roots 
of  thefe  ; and  adverting  to  all  the  higher  orders  of 
quadratics,  namely,  ax^,  h ; 

,.6 


ax'^, 

ax^, 


ax 


h ; &c. 

Next  follows  a traft  on  furds,  both  fimple  and  com- 
pound, quadratic,  cubic,  binomial,  and  relidual.  Here 
he  firft  marks  the  notation,  obferving  that  the  root  Is 
either  denoted  by  the  initial  of  the  word,  or,  after  fome 
authors,  by  the  mark  :,  viz.  the  fq.  root  : , the 

• cube  root  w%/  : , and  the  4th  root,  or  root  of  the  root 

thus  \s/  : , which  latter  method  he  moftly  ufes.  He 
then  gives  the  Arithmetic  of  furds,  in  multiplication, 
divifion,  addition,  and  fubtraftion.  In  thefe  laft  two 
rules  he  fquares  the  fum  or  difference  of  the  furds,  and 
then  fets  the  root  to  the  whole  compound,  which  he 
calls  radix  colleBt,  what  Cardan  calls  radix  utiiverfalis. 
Thus  v'l  z ih  \/20  isra.  col.  32  dt  But  when 

the  terms  will  iH."duce  to  a common  furd,  he  then  unites 
them  into  one  number;  as  + */iz  is  equal 

Alfo  of  cubic  furds,  and  4th  roots.  In  binomial  and 
refidual  furds,  he  remarks  the  different  kinds  of  them 
which  anfwer  to  the  feverai  Irrational  lines  in  the  loth 
book  of  Euclid’s  elements  ; and  then  gives  this  general 
Tule  for  extrafting  the  root  of  any  binomial  or  refidual 
a 'duh,  where  one  or  both  parts  are  furds,  and  a the 
greater  quantity,  namely,  that  the  fquare  root  of  it  is 


a 
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which  he  Illuf- 


trates  by  many  examples.  This,  rule  will  only  fucceed 
how'ever,  fo  as  to  come  out  in  fimple  terms,  In  certain 
cafes,  namely,  either  when  is  a fquaje,  or  when 

and  */ a?-  — b-  will  reduce  to  a common  furd,  ard 
unite  : in  all  other  cafes  the  root  Is  in  two  compound 
furds,  inftead  of  one.  He  gives  alfo  another  rule,  which 
comes  however  to  the  fame  thing  as  the  former,  though 
by  the  words  of  them  they  feem  to  be  different. 


Scheubeliiis  wrote  much  about  the  time  of  Cai'dan  and 
Stifelius.  And  as  he  takes  no  notice  of  cubic  equations, 
it  is  probable  be  had  neither  feen  nor  heard  any  thing 
about  them  ; which  might  very  well  happen,  the  one 
living  in  Italy,  and  the  other  In  Germany.  And,  befides, 

I know  not  if  this  be  the  firft  edition  of  Scheubel’s  book  : 
it  Is  rather  likely  it  is  not,  as  it  is  printed  at  Paris,  and 
he  himfelf  was  profeftbr  of  mathematics  at  Tubingen  iu' 
Germany, 

ROBERT  RECORDE. 

The  firft  part  of  his  Arithmetic  was  publlfhed  in  1952; 
and  the  fecond  part  in  1557,  under  the  title  of,  “ Phe 
Whetllone  of  Witte,  which  is  the  feconde  parte  of 
Arlthmctike ; containing  the  Extraction  of  Rootes : 
The  Coffike  Praclife,  with  the  Rule  of  Equation  : and 
the  Workes  of  Surde  Nombers.”  The  work  is  in 
dialogue  between  the  mailer  and  fcholar;  and  is  nearly 
after  the  manner  of  the  Germans,  Stifelius  and  Scheu- 
belius,  but  efpecially  the  latter,  whom  he  often  quotes,, 
and  takes  examples  from.  The  chief  parts  of  the  work 
are,  ift.  The  properties  of  abftraCt  and  figurate  num- 
bers. 2nd.  The  extraction  of  the  fquare  and  cube  roots, 
much  the  fame  as  at  prefent.  Idere,  when  the  number  Is 
not  an  exaCl  power,  but  having  fome  remainder  over, 
he  either  continues  the  root  into  decimals  as  far  as  he 
pleafes,  by  adding  to  the  remainders  always  periods  of 
cyphers  ; or  elfe  makes  a vulgar  fraClion  for  the  remain- 
ing part  of  the  root, by  taking  the  remainder  for  the  nume- 
rator, and  double  the  root  for  the  denominator,  in  the 
fquare  root  ; but  in  the  cube  root  lie  takes  for  the  nomina- 
tor either  the  triple  fquare  of  the  root,  which  is  Cardan’s 
rule,  or  the  triple  fquare  and  triple  root,  with  one  more, 
which  is  Scheubtl’s  rule.  3d.  Of  Algebra,  or  “Coffike 
Nombers.”  He  ufes  the  notation  of  powers  with  their 
exponents  the  fame  as  Stifel,  with  all  the  operations  in 
fimple  and  compound  quantities,  or  Integers  and  frac- 
tions. And  he  gives  alio  many  examples  of  extracting 
the  roots  of  compound  algebraic  quantities,  even  when 
the  roots  are  from  two  to  fix  terms,  in  imitation  of 
the  fame  procefs  in  numbers,  juft  as  we  do  at  prefent; 
which  Is  the  firft  inflance  of  this  kind  that  I have  ob- 
ferved.  As  of  this  quantity  ; 

Square  Roor. 
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4th.  “The  Rule  of  Equation,  commonly  called  Alge- 
bei  ’3  Fade.”  He  here,  firft  of  any,  introduces  the  cha- 
raCfer  =r,  for  brevity  fake.  His  words  are,  “And  to 
avoidc  the  tedioufe  repetition  of  thefe  woordes : is 
cqualle  to  : I will  fette  as  I doe  often  m woorke  ufe.  a 
paire  of  parallelcs,  or  gernowe  lines  of  one  lengthe, 
thus:  — , bicaufe  noe  2 thynges  can  be  moare  equalle.” 
Pie  gives  the  rules  for  fimple  and  quadratic  equations, 
with  many  examples.  He  gives  alio  iome  examples  in 
higher  compound  equations,  with  a root  for  each  of 
them,  but  gives  no  rule  how  to  find  it.  5th.  “ Of  Surde 
Nombers.”  This  Is  a very  ample  treatife  on  furds,  both 
fimple  and  compound,  and  furds  of  various  degrees,  a» 
fquare,  cubic,  and  biquadratic,  marking  the  roots  in 

Scheubel’s  manner,  thus:  He  here  ufes- 

the  names  biraedial,  binomial,  and  refidual ; but  fays 
they  have  been  ufed  by  others  before  him,  though  this 
is  the  firft  place  where  I have  obferved  tlic  two  latter. — 
Hence  it  appears  that  the  things  which  chiefly  arc  new 
In  this  autlior,  are  thefe  three,  viz. 

2 1 ..  Th. 
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1.  TKe  extraction  of  the  roots  of  compound  algebraic 
quantities. 

2.  The  ufe  of  the  terms  binomial  and  refidual. 

3.  The  ufe  of  the  fign  of  equality,  or  =:« 

OF  PELETARIUS. 

The  firil  edition  of  this  author’s  algebra  was  printed 
in  4to  at  Paris,  in  155^>  under  this  title, 
tarii  CenomanU  de  occulta  parte  N umerorum,  quam  Algehram 
•DOC ant.  Lib.  duo. 

In  the  preface  he  fpeaks  of  the  fuppofed  authors  of 
Algebra,  namely  Geber,  Mahomet  the  fon  of  Mofes, 
an  Arabian,  and  Diophantus.  But  he  thinks  the  art 
older,  and  mentions  fome  of  his  contemporary  writers, 
or  a very  little  before  him,  as  Cardan,  Stifel,  Scheubel, 
Chr.  Januarius ; and  a little  earlier  again,  Lucas  Paci- 
olus  of  Florence,  and  vStephen  Villafrancus  a Gaul. 

Of  the  two  books,  into  which  the  work  is  divided, 
the  firil  is  on  rational,  and  the  fecond  on  irrational  or 
furd  quantities  ; each  being  divided  into  many  chap- 
ters. It  will  be  fufficient  to  mention  only  the  principal 
articles. 

He  calls  the  feries  of  powers  muneri  creati^  or  derived 
numbers,  or  alfo  radicals,  becaufe  they  are  all  raifed  from 
one  root  or  radix.  He  names  them  thus,  radix,  quadratus 
cubus,  quadrato-quadratus,  or  biquadratus,  fuperfolidus, 
quadrato-cubus,  &c;  and  marks  them  thus  H,  5-,  cf » 

J'sy  y(f , bfsy  itfc.  Of  thefe  he  gives  the  following  fe- 
rics  in  numbers,  having  the  common  ratio  2,  with  their 
marks  fet  over  them,  and  the  exponents  fet  over  thefe 
again,  in  an  arithmetical  feries,  beginning  at  o,  thus : 

01234567  8 

1 ^ q ^ qq  fi  qqq 
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And  he  fhews  the  ufe  of  the  exponents,  the  fame  as  Sti* 
feiius  and  Scheubelius ; like  whom  alfo  he  prefixes  co- 
elRcients  to  quantities  of  all  kinds,  as  alfo  the  radical  y'. 
But  he  does  not  follow  them  in  the  ufe  of  the  figns  -p 
and  — , but  employs  the  initials  p and  m for  the  fame 
purpofe.  After  the  operations  of  addition,  &c,  he  per- 
forms involution  and  evolution  alfo  much  the  fame  way 
as  at  prefent : thus,  in  powers,  raife  the  coefficient  to 
the  power  required,  and  multiply  the  exponent,  or 
fign,  as  he  calls  it,  by  2,  or  3,  or  4,  &c,  for  the  2nd, 
3d,  4th,  &c,  power  ; and  the  reveife  for  extradlion  ; 
and  hence  he  obferves,  if  the  number  or  coefficient  will 
not  exadlly  extradf , or  the  fign  do  not  exadly  divide,  the 
quantity  is  a furd. 

After  the  operations  of  compound  quantities,  and 
fradlions,  and  redudlion  of  equations,  namely,  fimple  and 
quadratic  equations,  as  ufual,  in  chap.  16,  De  Linjcnicndis 
generatim  Radlclhus  Denominator uniy  he  gives  a method  of 
finding  the  roots  of  equations  among  the  divifors  of  the 
abfolute  number,  when  the  root  is  rational,  whether  it 
be  integral  or  fradlional ; for  then,  he  obferves,  the  root 
always  lies  hid  in  that  number,  and  is  fome  one  of  its 
divifors.  This  is  exemplified  in  feveral  inftances,  both 
of  quadratic  and  cubic  equations,  and  both  for  integral 
and  fradfional  roots.  And  he  here  obferves,  that  he  knows 
not  of  any  perfon  who  has  yet  given  general  rules  for 
the  folution  of  cubic  equations  ; which  ffievvs  that  when 
he  wrote  this  book,  either  Cardan’s  lad  book  was  not 
publiffied,  or  clfc  it  had  not  yet  come  to  his  knowledge. 

Chap,  17  contains,  in  a few  words,  diredtions  for 


bringing  queftions  to  equations,  and  for  reducing  thefe. 
He  here  obferves,  that  fome  authors  call  the  unknov/n 
number  resy  and  others  \}ci^pofttio\  but  that  he  calls  it  radic^y 
or  root,  and  marks  it  thus  : hence  the  term,  root  of  an 
equation.  But  it  was  befoi-e  called  radix  by  Stifelius. 

Chap,  21  ^ fcq.  treat  of  fecondary  roots,  or  a plu- 
rality of  roots,  denoted  by  A,  B,  C,  &c,  after  Stifelius, 

The  2d  book  contains  the  like  operations  in  furds,  or 
irrational  numbers,  and  is  a very  complete  work  on  this 
fubjedf  indeed.  He  treats  firft  of  fimple  or  fingle  furds, 
then  of  binomial  furds,  and  laftly  of  trinomial  furds.  He 
gives  here  the  fame  rule  for  extradling  the  root  of  a 

binomial  and  refidual  as  Scheubelius,  viz,  ^ ~ ^ 


-v/ ±_  y/ 
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binomial  or  refidual,  he  proceeds  as  all  others  before  him 
had  done,  namely,  reducing  the  divifor  to  a fimple  quau-. 
tity,  by  multiplying  it  by  the  fame  two  terms  with  the 
fign  of  one  of  them  changed,  that  is  by  the  binomial  if 
it  be  a refidual,  or  by  the  fame  refidual  if  it  be  a bino- 
mial ; and  multiplying  the  dividend  by  the  fame  thing: 


^ V*?  + 2 __  3v'5  d-  6 

v'5  — 2 i/5  q-  2 ^ 5—4 
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And,  in  imitation  of  this  method,  in  divifion  by  tri- 
nomial furds,  he  diredls  to  reduce  the  trinomial  divifor 
firft  to  a binomial  or  refidual,  by  multiplying  it  by  the 
fame  trinomial  wdth  the  fign  of  one  term  changed,  and 
then  to  reduce  this  binomial  or  refidual  to  a fimple 
nomial  as  above  ; obferving  to  multiply  the  dividend  by 
the  fame  quantities  as  the  divifor.  Thus,  if  the  divifor 
be  4 -f  a/ 2 — V'3  ; multiplying  this  by  4 ■v/2  -h 

\/3»  the  produft  is  15  -f  Sy'z;  then  this  bino- 
mial multiplied  by  the  refidual  — 8y^2,  gives  22J 
— 128  or  97  for  the  fimple  divifor:  and  the  dividend, 
whatever  it  is,  muft  alfo  be  multiplied  by  the  two  4 H- 
4/2  -b  4/3  and  15  — 84/2,  Or  in  general,  if  the  di- 
vifor be^r-f-  ly/h  — 4/r;  multi- 
ply it  by  ^ -f  ^/b  -f  4/r,  which 
gives  (<2  4"  \^bY  — c =.a^  + ^ — c -f  lat^b  ; 
then  multiply  this  by  a*  -f  ^ — c — 2^4/^, 
and  it  gives  - ^ — c)*  — bj  which 

will  be  rational,  and  will  all  collcdf  Into  one  fingle  terra. 
But  Tartalea  muft  have  been  in  poffeffion  of  fome  fuch 
rule  as  this,  as  one  of  the  queftions  he  propofed  to  FIo- 
rido  was  of  this  nature,  namely  to  find  fuch  a quantity 
as  multiplied  by  a given  trinomial  furd,  ffiall  make  it 
rational : and  it  appears,  from  wffiat  is  done  above, 

that,  the  given  trinomial  being  a + 4/^  — 4/r,  the 

anfvver  will  be  « -f  j^b  q-  4/r  cq-2  »Jb. 

Chap.  24  Ihew^  the  compofition  of  the  cube  of  a bi- 
nomial or  refidual,  and  thence  remarks  on  the  root  of 
the  cafe  or  equation  I (f  p 3 IF  eqnal  to  10,  which  he 
feems  to  know  fomethiug  about,  though  he  had  not  Car- 
dan’s rules. 

Chap,  30,  which  is  the  laft,  treats  of  certain  precepts 
relating  to  fquare  and  cubic  numbers,  with  a table  of 
fuch  fquares  and  cubes  for  all  numbers  to  140  ; alfo 
flievving  how  to  compute  them  both,  by  adding  always 
their  differences. 

He 
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He  then  concludes  with  remarking  that  tliere  are 
tnany  curious  properties  of  ihefe  numbers,  one  of  which 
is  this,  that  the  fum  of  any  number  of  the  cubes,  taken 
from  the  beginning,  always  makes  a fquare.number,  the 
root  of  which. is  the*  fum  of  the  roots  of  the  cubes ; 
fo  that  the  feries  of  fqyares  fo  formed,  have  for  their 
roots  * — _i,  6,  10,  15,  21,  &c. 

whofe  difb  are  the  natural  n^M,  2,  3,  4,  5,  6,  &c. 

Namely,  =:  1^  : +2^  = 3-  ; +33  — 6^,  &c. 

Or  in  general,  i ^ -f-  2^  -f*  3^  ^ 1 _p  2 3 - « ) ^ 

^.\n,  « 4“  t* 

This  work  of  Peletarius  is  a very  ingenious  and  ma- 
fterly  compofition,  treating  in  an  able  manner  of  the 
' feverai  parts  of  the  fub]e(ft  then  known,  excepting  the 
cubic  equations.  But  his  real  difcoveries,  or  improve- 
ments, maybe  reduced  to  thefe  three,  viz. 

* ill.  That  the  root  of  an  equation,  is  one  of  the  divi- 
fors  of  the  abfolute  term. 

* 2d.  He  taught  hovs'  to  reduce  trinomials  to  fimple 

terms,  by  multiplying  them  by  compound  factors. 

3d*  He  taught  curious  precepts  and  properties  con- 
■ cerning  fquare  and  cube  number^,  and  the  method  of 
conftrudling  a feries  of  each  by  addition  only,  namely- 
by  adding  fucceffively  their  feverai  orders  of  differences, 

• RAMUS. 

Peter.  Ramus  wrote  his  arithmetic  and  algebra  about 
the  year  1560.  His  notation  of  tfie  powers  is  thus,  /, 

r,  hqy  being  the  initials  of  latus,  quadratus,  cubus, 
biquadratus.  He  treats  only  of  fimple  and  quadratic 
equations.  And  the  only  thing  remarkable  In.hls  work, 
is  the  firll  article,  on  the  names  and  invention  of  Alge- 
bra, which  we  have  noticed  at  the  beginning  of  this 
hiffory. 

EOMBELLI. 

RaphaelBombelli’s  Algebra  was  publirtied  at  Bologna 
in  the  year  1579,  in  the  Italian  language.  It  feems  how- 
ever it  was  written  feme  time  before,  as  the  dedication 
is  dated  1572.  In  a Ihort,  but  neat,  Introdudlion,  he 
firil  advefts.  In  a few  words,  to  the  great  excellence  and 
ufefiilnefs  of  arithmetic  and  algebra.  He  then  laments 
that  it  had  hitherto  been  treated  in  fo  imperfedt  and  ir- 
regular a way;  and  declareg,it  Is  his  intention  to  remedy 
all  defefls,  and  to  make  the  fciencc  and.pi*adlice  of  it 
as  eafy  and  perfect  as  may  be.  And  for  this  purpofe  he 
hrff  refolved  to  procure  and  ftiidy  all  the  former  au- 
thors. He  then  mentions  feverai  of  thefe,  with  a (hort 
hiffory  or  charadler  of  them  ; as  Mahomet  the  fon  of 
Mofes,  an  Arabian  ; •Leonard  Pifano  ; Lucas  de  Burgo, 
the  firft  printed  author  in  Europe;  Oroncins  ; Scribe-* 
lijLis  ; Boglione  Francefi ; Stifeliiis  ip  Germany  ; a cer- 
tain Spaniard,^  doiibtlefs  meaning  Nunez  or  Nonius  ; 
and  laftiy  Cardan,  Ferrari,  and  Tartalea  ; with  fome 
others  lince,  whofe  names  he  omits.  He  then  adds  a 
curious  paragiaph .concerning  Diophantus:  he  f^iys  that 
fome  years  fince  there  had  been  found,  in  the  Vatican 
library,  a Greek  work  on  this  ait,  compofed  by  a cer- 
tain Diophantus,  of  Alexandria,  a Greek  author,  who 
lived  in  the  time  of  Antoninus  Pius  ; which  work  having 
been  ihewn  to  him  by  Mr.  Antonio  Maria  P'azzi  Reg- 
giano,  public -ledturer  on  mathematics  at  Rome ; and 
finding  it  to  be  a good  work,  thefe  two  formed  the  re- 
, You.  L 


fohition  of  giving  it  to  the  world,  and  he  fays  tffat'thiV 
had  alreadytranllated  live  books, ‘of  the  fix  which  were 
then  extant,  being  as  yet  hindered  dtber  avocation* 
from  completing  the  work.  He  then  adds  the  following 
i):range  circumllaiice,  viz.  that  they  had  Joimd  that 
the  Juid  <ivoyhi])e  Ind‘ia?i  authors  arc  often  cited  ; by  <yi}hich 
they  learned  that  this  fdtnce  was  known  among  the 
Indians  before  the  Arabians  had  u : a paragraph  the 
more  remarkable  as  I liave  iicv(*r  underltood  that  any 
other  ptiTon  could  ever  find,  in  Diophantus,  any  refer- 
ence to  Indian  WTiters  : and  1 have  examined  ins  work 
with  iome  attention,  for  that  pnrpo/e. 

, Bombelli’s  woi'k  is  divided  into  three  books.  In  llie 
firff,  ate  laid  down  the  definitions  and  operations  of 
powers  and  roots,  with  various  forts  of  radicals,  fimple 
and  Compound,  binomial,.  i*efidual,  &:c  ; moffly  after 
the  rules  and  manner  of  former  wi iters,  excepting  in 
fome  few  inffances,  which  k h$re  take  notice 
of.  And  firft  of  his  rule  for  the  cube  root  of  bino- 
mials or  refiduals,  which  for  the  fake  of  brevity*,  may  be 
exprefied  in  modern  notation  as  follows  : let  fb  -f 
be  the  biiiomia],  the  ‘term  fb  being*  greater  than 
a',  then  the  rule  .for  the  cube  root  oT  f b u comes 

to  this',  P — Q_^-f  \/  P — Hr  b—  ad  where  P=: 

2 / ,ad  i — ur  a . 3 / b—‘cd  a 

64.-  . b • 6.4  bq  8 

Which  i^  a rule  that  can  be  of  little  or  no  life  ; for,  in  * 

the  firft  placej  P — -f-  \/b  ^ ad  is  the  fame  as 


P H-  Q_;  iind  P or 


ad  0 — a'^ 


a 


— • H~  — — — H“  “*  IS  ~~~ 
6q  64  8 


a 


therefore' the  whole  P — Q^H-  P — Ql*  + 


reduces  to  P — Q_H"  .P  -f  2 P = 2 X | \/  ifb-\-a 

= fb  -b  rr,  the  ©riginal  quantity  firft  propofed.  The 
thing  remarkable  in  this  iff:  book,  Is  his  method 
ff>r  the  fquare  roots  of  negative  quantities,  and  his  rule 
for  the  cub'e  roots  of  ffich  imaginary  binomials  aB  arife 
ffom  the’irreducible  cafe  In  cubic  equations.  His  words, 
tranflated,  are  thefe  : “ I have  found  another  fort  of  cu- 
’bicroot,  very  different  from  the  former,  which  arlfes 
from  the  cafe  of  the  cube  equal  to  the  firft  power  and  a 
number,  when  the  cube  ofthe-jdpart  of  the  (coef.  ofthc)* 
ill  power,  is  greater  than  the  fquare  of  half  the  abfolute 
number,  which  fort  of  fquare  root  hath  In  its  algorlfm, 
names  and  operations  difterent  from  the  others;  for  In  tliat 
cafe,  the  excefs  cannot  be  called  either  plus  or  minus  ; 1 
therefore  callity/z/r  of  minus  when  it  is  to  be  added,  and 
minus  of  minus  wLen  it  is  to  be  fubtradled.”  He  then 
gives  a fet  of  rules  for  the  figns  when  fuch  roots  are  mul- 
tiplied, and  Illuff  rates  them  by  a great  many  examples. 
His  rule  for  the  cube  roots  of  fuch  binomials,  viz,  fuch 

n I - w I * 

as  a + — by  is  this  : Firft  find  kfa-  ft-  h ; then,  by- 

trials  fearch  out  a number  c,and  a fq.  root  fdy  fuch,  that 

the  fum  of  their  fquares  T //  tnav  be  ce  l/a^  b 
M and 


A L G 


A L G [ ] 


and  nlfo  — yd  — a ; then  Hiall  (T  4*  ^ be  =: 

s/  — b fought.  Thus,  to  extract  the  cube  root 

of  2 + I2I  : here  l/d^  y b ~ 12^  =:  ^\  then 

taking  c = 2^  and  d = t , it  is  e*  + J = 5 =: 
and  — ^cd  = 8 r-  6 = 2 = <7,  as  it  ought  ; and 
therefore  2 -j-  — i is  = the  cube  root  of  2-f>y/~i2l, 

as  required. 

The  notation  in  this  book,  is  the  initial  i?  for  root, 
Vvdth  ^ or  c See  after  It,  for  quadrate  or  cubic.  Sec  root. 
Alio  J>  for and  m for  minus. 

In  tlie  2d  book,  Bombelli  treats  of  the  algorlfm  with 
unknown  quantities,  and  the  refolation  of  equations. 
He  iiril  gives  the  definitions  and  charadlers  of  the  un- 
known quantity  and  its  powers,  in  which  he  deviates 
from  the  former  authors,  but  profeffes  to  imitate  Dio- 
phantus.  He  calls  the  unknown  quantity  tantOf  and 
marks  it  thus  - - 

Its  fquare  or  2d  power 
Its  cube  - - cuho,  1, 

and  the  higher  names  are  compounded  of  thefe,  and 
marked  J,,  &c,  fo  that  he  denotes  all  the 

powers  by  their  exponents  fet  over  the  common  cha- 
rader  And  all  thefe  powers  he  calls  by  the  general 
name  dignita,  dignity.  He  then  performs  all  the  algor- 
ifm  of  thefe  powers,  by  means  of  their  exponents,  as 
we  do  at  prefent,  viz,  adding  them  in  multiplication, 
fubtradling  in  divifion,  multiplying  them  by  the  index 
in  involution,  and  dividing  by  the  fame  in  evolution. 

In  equations  he  goes  regularly  through  all  the  cafes, 
and  varieties  of  the  figns  and  terms  ; firft  all  the  firnple 
or  fingle  powers,  and  then  all  the  compound  cafes  ; de* 
monfirating  the  rules  geometrically,  and  illuftrating 
them  by  many  examples. 

In  compound  quadratics,  he  gives  two  rules  : the  firfl: 
is  by  freeing  the  paten%a  or  fquare  from  its  coefficient 
by  divifion,  and  then  completing  the  fquare,  &c,  in  the 
ufual  way  : and  the  2d  rule,  when  the  firft  term  has 
its  coefficient,  may  be  thus  exprelfed  ; if  -J-  = r, 

\/a(-  + frb  ^ . 

then  X Tz=.  . He  takes  o 

a 

root  or  roots  ; and  in  the  cafe  ax*-  -f  e = bx,  which  has 
two,  he  obferves  that  the  nature  of  the  problem  mull 
ffiew  which  of  the  two  is  the  proper  one. 

In  the  cubic  equations,  he  gives  the  rules  and  tranf- 
formations,  &c,  after  the  manner  of  Cardan  ; remarking 
that  fome  of  the  cafes  have  only  one  root,  but  others  two 
or  three,  of  which  fome  are  true,  and  others  falfe  or  ne- 
gative. And  In  one  place  he  fays  that  by  means  of  the 
cafe  -h  £•  he  trifebis  or  divides  an  angle  into  three 

equal  parts . 

When  he  arrives  at  biquadratic  equations,  and  par- 
ticularly to  this  cafe  x^  + ax  b,  he  fays,  “ Since  I 
have  Teen  DIophantus’s  work,  I have  always  been  of 
opinion  that  his  chief  Intention  was  to  come  to  this 
equation,  becaufe  I obferve  he  labours  at  finding  always 
fquare  numbers,  and  Inch,  that  adding  fome  number  to 
them,  may  make  fquares ; and  I believe  that  the  fix 
books,  which  are  lofi,  may  treat  of  this  equation.  See.** 

“ But  Lewis  Ferrari,”  he  adds,  “ of  this  city,  alfo 
laboured  in  this  way,  and  found  out  a rule  for  fuch 
cafes,  which  was  a very  fine  invention,  and  therefore  I 


niy  the  pofitive 


fliall  here  treat  of  it  the  beft  I can.”  This  he  accord- 
ingly does,  in  all  the  cafes  of  biquadratics,  both  with 
refpedf  to  the  number  of  terms  in  the  equation,  and  the 
figns  of  the  terms,  except  I think  this  mod  general  cafe 
©Illy  rx  — qx"*-  T px^  — =.  s y fully  applying  FerrariT 

method  in  all  cafes.  Which  concludes  the  2d  book. 

The  3d  book  confifts  only  of  the  refolution  of  near 
300  pradfical  quefiions,  as  exercifes  in  all  the  rules  and 
equations,  fome  of  which  are  taken  from  Diophantus 
and  other  authors. 

Upon  the  whole  it  appears  that  this  is  a plain,  ex- 
plicit, and  very  orderly  treatife  on  algebra,  in  which  arc 
very  well  explained  the  rules  and  methods  of  former 
writers.  But  Bombelli  does  not  produce  much  of  im- 
provement or  invention  of  his  own,  except  his  notation, 
which  varies  from  others,  and  is  by  means  of  one  general 
character,  with  the  numeral  indices  of  Stifelius.  He 
alfo  fiiTl  remarks  that  angles  are  trifedfed  by  a cubic 
equation.  But  I know  not  how  to  account  for  his  af- 
fertlon,  that  Diophantus  often  cites  the  Indian  authors;; 
which  1 think  muft  be  a mlitake  in  Bombelli. 

CLAVIUS. 

Chriftopher  Clavlus  wrote  his  Algebra  about  the  year 
1580,  though  it  was  not  publiffied  till  1608,  at  Orleans. 
He  moftly  follows  Stifelius  and  Scheubellus  in  his  nota- 
tion and  method,  &c,  having  fcarcely  any  variations 
from  them  ; nor  does  he  treat  of  cubic  equations.  He 
mentions  the  names  given  to  the  art,  and  the  opinions 
about  its  origin,  in  which  he  inclines  to  aferibe  it  to 
Diophantus,  from  what  Diophantus  fays  in  his  preface 
to  Dyonifius. 

STEVINUS. 

The  Arithmetic  of  Simon  Stevin  of  Bruges,  was 
publiffied  in  1585,  and  his  Algebra  a little  afterwards. 
They  were  alfo  printed  in  an  edition  of  his  works  at 
Leyden  in  1634,  with  fome  notes  and  additions  of 
Albert  Girard,  who  it  feems  died  the  year  before,  this 
edition  being  publiffied  for  the  benefit  of  Girrard’s 
widow  and  children.  The  Algebra  is  an  ingenious  and 
original  work.  He  denotes  the  res,  or  unknown  quan- 
tity, in  a way  of  his  own,  namely  by  a fmall  circle  Q , 
within  which  he  places  the  numeral  exponent  of  the 
power,  as  ©,  ©,  &c,  which  are  theo,  i,  2,  3, 

&c  power  of  the  quantity  Q 5 where  ©,  or  the  o 
power,  is  the  beginning  of  quantity,  or  arithmetical 
unit.  He  alfo  extends  this  notation  to  roots  or  frac- 
tional exponents,  and  even  to  radical  ones. 

Thus  ©,  (3),  &c,  are  the  fq.  root,  cube  root,  4th 

root,  &c  ; , 

and  0 is  the  cube  root  of  the  fquare  ; 

and  © is  the  fq.  root  of  the  cube.  And  fo  of  others. 

, The  firit  three  powers,  (J)^  C3T  he  alfo  calls 
cojie  (fide),  (fquare),  cube  (cube);  and  the  firfl;  of 

them,  (X)j  the  prime  quantity,  which  he  obferves  is  alfo 
metaphoric  ally  called  the  racine  or  root,  (the  rnark  of 
which  is  alfo  >\/),  becaufe  it  reprefents  the  root  or 
origin  from  wffience  all  other  quantities  fpring  or  arife, 
called  the  potences  or  powers  of  it.  He  condemns  the 
terms  furfolids,  and  numbers  abfurd,  irrational,  irregular, 
inexplicable,  or  furd,  and  fliews  that  all  numbers  are 
denoted  the  fame  way,  and  are  ail  equally  proper  ex- 
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prefTions  of  fome  length  or  magnitude,  or  fome  power 
of  the  fame  root.  He  alfo  rejeds  all  the  ^compound 
exprefiions  of  fquare-fqiiared,  cube-fquared,  cube-cubed, 
&:c,  and  fhews  that  it  is  bell  to  name  them  all  by  their  ex- 
ponents, as  the  I ft,  2d,  3d,  4th,  5th,  6th,  &c  power  or 
quantity  in  the  fen’es.  And  on  his  extenfton  of  the  new 
notation  he  juftly  obferves  that  what  was-before  obfcure, 
laborious,  and  tirefome,  will  by  thefe  marks  be  clear, 
eafy,  and  pleafant.  He  alfo  makes  the  notation  of  alge- 
braic quantities  more  general  in  their  coefficients,  in- 
cluding in  them  not  only  Integers,  as  3(^,  but  alfo  frac- 
tions and  radicals,  as  and  &c.  He  has  va- 

- rious  other  peculiarities  in  his  notations  ; all  ftiewirig  an 
original  and  inventive  mind.  A quantity  of  feveral 
terms,  be  calls  a multinomial,  and  alfo  binomial,  tri- 
nomial, &c,  according  to  the  number  of  the  terms. 
He  ufes  thd  ftgns  -ft  and  — , and  fometimes  : for  equa- 
lity ; alfo  X lor  divifion  of  IraCtion^,  or  to  multiply 
crofswife  thus,  f • dl  • 

He  teaches  thegeneration  of  powers  2 

by  means  of  the  annexed  table  of  3.3 
numbers,  which  are  the  coefficients  4.6.4 
of  all  the  terms  except  the  firft  and  5 . 10  . 10.  y 
laft.  /\ud  he  makes  ufe  of  the  fame  6.1^  ,20, 1^,6 
numbers  alfo  for  extrading  all  roots  &c. 

whatever  : both  which  things  had 
firft  been  done  by  Stifellus.  In  extradling  the  roots  of 
non-quadrate  or  non-cubic  numbers,  he  has  the  fame 
approximations  as  at  prefent,  viz,  either  to  continue  the 
extradiion  indefinitely  in  decimals,  by  adding  periods 
of  ciphers,  or  by  making  a fradlon  of  the  remainder 


in  this  manner,  viz,  v^N  = n 
t/N  = n -h 


N — n’ 


nearly,  and 


N 


— 


2/Z  -}-  I 
nearly ; where  n Is  the 


-f  3^  -b  1 

neareft  exad:  root  of  N ; w'hich  is  Peletarlus’s  rule,  and 
which  differs  from  Tartalea’s  rule,  as  this  wants  the  i 
in  the  denominator.  And  In  like  manner  he  goes  or 
to  the  roots  of  higher  powers. 

He  then  treats  of  equations,  and  their  inventors, 
which  according  to  him  are  thus  : 

Mahomet,  fon  of  Mofes,  an  Ara-  f 
bian,  invented  thefe  - *) 

And  lome  unknown  author,  the  derivatives  of  this. 
Some^ unknown  author  invented  | (D  egale  d @ ®, 


thefe 


(D  egale  a @ 


But  afterwards  he  mentions  Ferreus,  Tartalea,  Car- 
dan, &c,  as  being  alfo  concerned  in  the  Invention  of  them, 
Lewis  Ferrari  Invented  Q egale  ^ ® @ ® ®. 

He  fays  alfo  that  Diophantus  once  refolves  the  cafe 
egale  d (i)  Q.  In  his  redudllon  of  equations, 
wffiich  is  full  and  mafterly,  he  always  puts  the  highefl 
power  on  one  fide  alone,  equal  to  all  the  other  terms, 
fet  in  their  order,  on  the  other  fide,  whether  they  be 
+ or  And  he  demonftrates  all  the  rules  both  arith- 
metically and  geometrically.  In  cubics,  he  gives  up 
the  Irreducible  cafe,  as  hopelcfs ; but  fays  that  Bom- 
b«lli  refolves  it  by  plus  of  mlnuSf  and  minus  of  minus 


thus,  if  I (D  30®  -}-  36,  then  i (5)  =4/  i^+of  — 26 
+ (/18  ~ of  — 26,  that  is,  1 ® = ^i8~d'26  — i 

'i- ^ — 1,  He  refolves  biquadratics  by 


means  of  cubics  and  quadratics.  In  quadratics,  he 
takes  both  the  two  roots,  but  looks  for  no  more  than 
two  in  cubics  or  biquadratics.  He  gives  alfo  a genera! 
method  of  approaching  indefinitely  near,  in  decimals,  to 
the  root  of  any  equation  wdialever  : but  it  is  very  la- 
borious, being  little  more  than  trying  all  numbers,  one 
after  another,  finding  thus  the  ill  figure,  then  the  2d, 
then  the  3d,  &:c,  among  thefe  ten  charadfers  o,  i,  2,  3, 
4,  5,  6,  7,  8,  9.  And  finally  he  applies  the  rules  in 
the  refolution  of  a great  many  praflical  quelllons. 

Although  a general  air  of  originality  and  improve- 
ment runs  tl'rrough  the  whole  of  Steviiiiis’s  work,  yet 
his  more  remarkable  or  peculiar  inventions,  may  be  re- 
duced to  thefe  few  following  : viz, 

ift.  He  invented  not  only  a new  charaftcr  for  the 
unknown  quantity,  but  greatly  improved  the  notation 
of  powers,  by  numeral  indices,  firft  given  by  Stiteliu* 
as  to  integral  exponents  ; which  Stevinus  extended  to 
fradlional  and  all  other  forts  of  exponents,  thereby  de- 
noting all  forts  of  roots  the  fame  way  as  powers,  by  nu- 
meral exponents.  A circumftance  hitherto  thought  to 
be  of  much  later  invention. 

2d.  He  Improved  and  extended  the  ufe  and  notation 
of  coefficients,  including  in  them  fractions  and  radicals, 
and  all  forts  of  numbers  in  general. 

3d.  A quantity  of  feveral  terms,  he  called  generally  a 
multinomial  ; and  he  denoted  all  nomials  whatever 
by  particular  names  exprefting  the  number  of  their 
terms,  binomial,  trinomial,  quadrinomlal,  &c. 

4th.  A numeral  refolution  of  all  equations  whatever  by 
one  general  method. 

Befides  which,  he  hints  at  fome  unknown  author  as 
the  firft  Inventor  of  the  rules  for  cubic  equations  ; by 
whom  may  probably  be  intended  the  author  of  the 
Arabic  manufeript  treatife  on  cubic  equations,  given  to 
the  library  at  Leyden  by  the  celebrated  Warner.  . 

y lETA. 

Moft  of  Victa’s  algebraical  works  were  written 
about  or  a little  before,  the  year  1600,  but  fome  of 
them  were  not  publiftied  till  after  his  death,  which 
happened  in  the  year  1603.  And  his  whole  mathema- 
tical works  were  collefted  together  by  Francis  Schooten, 
and  elegantly  printed  in  a folio  volume  in  1646.  Of 
thefe,  the  algebraical  parts  are  as  follow  ; 

1.  Ifagogc  in  Artcm  Analyticam. 

2.  Ad  I.ogifticcn  Speciofam  Notoe  priores. 

3.  Zeteticorum  llbri  quinque. 

4.  De  Aiquatlonum  Recognitione,  & Fmendatione. 

5.  De  Numerofa  Poteftatum  adExegefin  Refolutionc. 

Of  all  thefe  I ffiall  give  a very  minute  account,  efpe- 

cially  in  fiich  parts  as  contain  any  difcoverles,  a.s  wc 
here  meet  with  more  Improvements  and.  inventions  in 
the  nature  of  equations,  than  In  almoft  any  former 
author.  And  firft  of  the  Ifagoge  or  Introduction  to 
the  Analytic  Art.  In  this  fhort  introdudlion  Vieta 
lays  down  certain  praecognita  In  this  art,  as  definitions, 
axioms,  notations,  common  precepts  or  operations 
of  addition,  fubtration,  multiplication,  and  divifion, 
with  rules  for  queftions,  &c.  From  which  we  fina, 

1 ft.  That  the  names  of  his  powers  are  latus,  quadratum, 
cubus,  quadrato-quadratum,  quadrato-cubus,  cubo- 
cubus,  &c  ; in  which  he  follows  the  method  of  Dio- 
phantus, and  not  that  derived  from  the  Arabian^. 
M z 2d.  That 
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2d.  That  Ivc  calls  powers  pure  or  adfe(5led,  and  firft 
here  ufes  the  terms  coefficient,  affirmative,  negative, 
fpecious  logiftics  or  calculations,  homogeneum  compa- 
rationis,  or  the  abfolute  known  term  of  an  equation, 
homogeneum  adfedlionis,  or  the  2d  or  other  term  which 
makes  the  equation  adfedfed,  &ic,  3d.  That  he  ufes 
the  capital  letters  to  denote  the  known  as  well  as  un- 
known quantities,  to  render  his  rules  and  calculations 
general,  namely,  the  vowels  A,  E,  I,  O,  U,  Y for  the 
unknov/n  quantities,  and  the  confonants  B,  C,  D,  See, 
for  the  known  ones.  4th.  That  he  ufes  the  lign  + 
between  two  terms  for  addition  ; — for  fubtradfion, 
placing  the  greater  before  the  lefs  ; and  when  it  is  not 
known  which  term  is  the  greater,  he  places  = between 
them  for  the  difference,  as  we  now  ufe  co  ; thus  A = 
13  is  the  fame  as  A co  B ; that  he  expreffes  divifion 
by  placing  the  terms  like  a fradfion,  as  at  prefent ; 
though  he  w^as  not  hrll  in  this.  But  that  he  ufes  no 
charadters  for  multiplication  or  equality,  but  writes  the 
words  themfelves,  as  well  as  the  names  of  all  the  powers, 
ss  he  ufes  no  exponents,  which  caufes  much  trouble 
and  prolixity  in  the  progrefs  of  his  work  ; and  the  nu- 
meral coefficients  fet  after  the  literal  quantities,  have  a 
difagreeable  effedf. 

II.  Logtfllcefi  Spedofam^  Not£  Ptiores,  Thefe 
confift  of  various  theorems  concerning  fums,  differences, 
produdfs,  powers,  proportionals,  &c,  with  the  genefis 
of  powers  from  binomial  and  refidual  roots,  and  certain 
properties  of  rational  right-angled  triangles. 

III.  Zetdicorum  I'llri  quinque*  The  zetetics  or  quef- 
tions  in  thefe  5 books  are  chiefly  from  Diophantus, 
but  refolved  more  generally  by  literal  arithmetic.  And 
in  thefe  queftions  are  alfo  inveftigated  rules  for  the  re- 
folution  of  quadratic  and  cubic  equations.  In  thefe 
alfo  Vieta  firft  ufes  a line  drawn  over  compound  quan- 
tities, as  a vinculum. 

IV.  De  JEquatlonum  Recognltlone,  ^ Pmcndaiione, 
Thefe  two  books,  which  contain  Vieta^s  chief  improve- 
ments in  Algebra,  were  not  publiflied  till  the  year  1 6 15, 
by  Alexander  Anderfon,  a leanied  and  ingenious 
Scotchman,  with  various  corredlions  and  additions.. 
The  lit  of  thefe  two  books  confifts  of  20  chapters. 
Ill  the  firtl  fix  chapters,  rules  are  drawn  from  the 
zetetics  for  the  refolution  of  quadratic  and  cubic  equa- 
tions. Thefe  rules  are  by  means  of  certain  quantities 
in  continued  proportion,  but  in  the  refolution  they 
come  to  the  fam.e  thing  as  Cardan’s  rules.  In  the 
cubics,  Vieta  fometimes  changes  the  negative  roots  into 
affirmative,  as  Cardan  had  done,  but  he  finds  only  the 
affirmative  roots.  And  he  here  refers  the  irreducible 
cafe  to  angular  fections  for  a foliition,  a method  which 
had  been  mentioned  by  Bombelli. 

Chap^  7 treats  of  the  general  method  of  transforming 
equations,  which  is  done  either  by  changing  the  root 
in  various  ways,  namely  by  fubftituting  another  inftead 
of  it  which  is  cither  increafed  or  diminifhed,  or  mul- 
tiplied or  divided  by  fome  known  number,  or  railed  or 
* deprefied  in  fome  known  proportion  ; or  by  retaining 
the  fame  root,  and  equally  multiplying  all  the  terms. 
Which  forts  of  transformation,  it  is  evident,  are  in- 
tended to  make  the  equation  become  Ampler,  or  more 
convenient  for  folution.  And  all  or  moft  of  thefe  reduc- 
'tionsand  transformations  were  alfo  pradlifed  by  Cardan. 

Chap,  8 fliews  what  purpofes  arc  anfwered  by  the 


foregoing  transformations  ; fuch  as  taking  away  fomc 
of  the  terms  out  of  an  equation,  and  particularly  the 
2d  term,  which  is  done  by  increafing  or  diminiflilng  the 
root  by  the  coefficient  of  the  2d  term  divided  by  the 
index  of  the  firll  : by  which  means  alfo  the  affedted 
quadratic  is  reduced  to  a fiinple  one.-  And  various 
other  effedfs  are  produced. 

Chap.  9 fhews  how  to  deduce  compound  quadratic 
equations  from  pure  ones,  wdiich  is  done  by  increafing 
or  diminiflilng  the  root  by  a given  quantity,  being 
one  application  of  the  foregoing  redudfions. 

Chap.  10,  the  redudlion  of  cubic  equations  affedled 
with  the  iff  power,  to  fuch  as  are  affedled  with  the 
2d  power  ; by  the  fame  means. 

In  chap.  II,  by  the  fame  means  alfo,  the  2d  term  is 
reftored  to  fuch  cubic  equations  as  want  it. 

In  chap.  12,  quadratic  and  cubic  equations  arc  railed? 
to  higher  degrees  by  fubftituting  for  the  root,  the  fquarc 
or  cube  of  another  root  divided  by  a given  quantity. 

In  chap,  1 3 affedled  biquadratic  equations  are  deduced 
from  affedlvd  quadratics  in  this  manner,  when  expreffed: 
in  the  modern  notation  : 

If  A^  + BA  = Z,  then  fhaff  A^  +•  Bs  + 2BZ  . Ars 
B=^Z. 

For  fince  A^  d-  BA  = Z,  therefore  A®  = Z — BA^ 
and  its  fquare  is 

A^  = Z^  — zB  AZ  -E  B^-A"'  r but  B^A^^  = B^Z  — B^A^ 
therefore 

A4  = Z^-2BAZ  -f  B^Z-B3A,or  A^  d-  + 2B^ 

. A = Z"  d-  B^-Z.. 

And  in  like  manner  for  the  biquadratic  affedled  with  its 
other  terms..  And  in  a flmikr  manner  alfo,  in  chap.  14,- 
affedled  cubic  equations  are  deduced  from  the  affedled 
quadratics. 

In  chap,  I 9 it  is  fliewn  that  the  quadratic  BA  — A® 

= Z has  two  values  of  the  root  A,  or  has  ambiguous- 
roots,  as  he  calls  them  ; and  alfo  that  the  cubics,  biqua- 
dratics, &c,  which  are  raifed  or  deduced  from  that  qua- 
dratic, have  alfo  double  roots. 

Having,  in  the  foregoing  chapters,,  fhewn  how  the 
coefficients  of  equations  of  the  3d  and  4th  degree  are 
formed  from  thofe  of  the  2d  degree,,  of  the  fame  root  j 
and  that  certain  quadratics,  and  others  raifed  from  them, 
have  double  roots  ; then  in  the  i6th  chap.  Vieta  fhewe 
what  relation  thofe  two  roots  bear  to  the  coefficients  of 
the  two  lowed  terms  of  an  equation  confifling  of  only. 
three  terms.  Thus, 

If  BA  - A'  = Z ')  then  = A 4-  E, 

andBE-E"i=Z  f and  Z =1: AE. 

J A — E 

IfBA  -A3  = Zl  thenB=:i^C±!=A^  + AE  + ES 

I A — E 

1 a3p  — AF^ 

andBE-E3.=:Z,  and  Z = A— ^ = A^E-E  AE^ 

J A — E 

IfA’" -E  BA^^^Z,!  , .p,  ^ „ a’"e"-Ea"e'« 

_ kftenB=:— — :,&Z  = 


£ii  4. 


and  E"^-BE«=Z,  j 

And  fo  on  for  the  fame  terms  with  their  figns  varioufly 
changed* 

Cihap'i 
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Chap,  17  contains  feveral  theorems  concerning  quan  . 
titles  in  continued  geometrical  progreiTion.  Which  are 
preparatory  to  what  follows,  concerning  the  double 
roots  of  equations,  the  nature  of  which  he  expounds  by 
means  of  fuch  properties  of  proportional  quantities. 

Chap.  18,  JEquationum  ancpitum  conjlituttva  ; treating 
©f  the  nature  of  the  double  roots  of  equations.  Thus, 
if  by  c,  dy  &c,  be  quantities  in  continual  progreffion  ; 
then,  I ft,  of  equations  affefted  with  the  firft  power. 

If  BA  — = Z ; then  B <7  'Zj=ahy  & A:rza  or  h. 

If  BA  — A3  = Z ; then  B = 4-  Z ~ 

a 4-e^),  & A = or  r. 

And  in  general.  If  BA  — A"  + * ; then  B = 4-  4- 

Z = ^ 4-  e"4-^” i'),  and  A = dE 

or  k the  firft  or  laft  term»  Where  the  number  of  terms;?", 
&c.  In  B is  « 4-  i>  and  the  number  of  terms  in  Z is  n, 
2d,  For  equations  containing  only  the  hlgheft  two 
powers. 

If  B A^  — - A3  z=  Z ; then  ^ — a-\-b-\-Cy'L  = 4* 

or  — r ( 4-  hpy  and  A = 4-  or  h c. 

If  BA3  — A^  = Z;  then  B = a + b-\-c-^dy  Z =:a{h  4 c 
4-  d)  ^or=.d{a  4-  b 4-  e)3,andA  =^7  4-^4’  eor=:^  4~  c-\-  d* 
And,  In  general,  if  BA”— A""*  * =Z  ; 
then  B=fir4-^4-^  - - ^ - z 4~ 

% — a{b-\‘C  ~ - h)  ox  =.  k (^4-^  + c ~ - - -z), 

and  A = zz4-^4*^^  " - ■ -zor  = ;!^4-c4“^  • - - - >f, 
the  fum  of  all  except  the  laft,  or  fum  of  all  except  the 
firft  ; where  the  number  of  terms  in  B Is  «4-  ij  and  the 
number  of  terms  in  Z.  Is  n, 

3d.  Of  equations  aftedled  by  the  Intermediate  powers. 
If  B A^-  — A'^r=Z;thenB=:Z7^4~^^5Zrz:a^Z>^,&  A^=z2'^or^^. 

KBA3-- A®=:Z;thenB=:zz3  ^3or;^3, 

IfBA"^ — A*=;Z;thenB=:a^ 4"<^^  4-  Z = a{b'^  4" 

and  A^  — zz  4*  ^ or  ^ 4* 

4th.  Of  the  remaining  cafes. 

If  BA’‘-As  = Z; 

then  B = (.a4-3)3  4-  (•34-e)3  4-^('54-^’)’‘or  4*  4" 

andZ=:B  — (a4-^)3  . [a  + bY 

ox~{^b-\-cY~\-Ya-\-bY  '{^^'VbYt 

and  A— a b ox  b c. 

If  BA3-A5  = Z ; 

then  ^=z{a-^b  ^ cY  + {b-\‘  c -ir  dy  - c{a-^h  + c) 
or  — b{b-\-c^d, 

and  Z = B — (^4“^4* dp.^b 4* e 4* z/)^ 

or=:B — [a -{■  b c)'^  • (zz4~'^4-e)^  ; 

. and  A=:z24"<^4' e or  b -f  e4-r/. 

Chap,  19.  JEqualitatvm  contradiceiitium  conjlitutiva. 
Of  the  relation  of  equations  of  like  terms,  but  the  fign 
of  one  term  different ; containing  thefe  5 theorems,  viz-, 

1.  If  A^4-BA=Z,1  then  B = ^-zz,  Z - ab -y 
andE^-BE=:Z;  j and  A = z/,  E = 

2.  If  A*  + BA  = Z,\‘'’7 

^ Z = zz(z/3  — /'3  j or  = i/(r3  — . 

andE'>-BE  =Z;  J and  A = a,  E = ?. 

}thenB=:i^5  q^ys  — — ^5  — ^5^ 

Z z=  a {b^  d^  -q-  — c^) 

or  = _/(z?3  4-  4‘  — b^  — d^)  ; 

and  A = z7,  E =/. 

4.  If  A''  + ?.A’=Z,  1 P t/  + 

’ > a{d—bY  or  = z/(e  — zz)3  j 

' andE^-BE3  = Zj  J and  A = e-zz,  E = r/-^. 


5.  If  A^'d-BAs^Z, 
andE6-BE5=Z; 


then  B = <5  4“  z/  4-  f-~a  — C‘-e, 
Z — zz  ( ^ 4"  z"/  4*  f — c —I  Y 
, ox  =:f{a  + c + e — b—d)^  ^ 
and  A — a ^ c-\-  e^b-~dy 
E=:34-  d 4”  f—C'—e, 


J 


Chap.  20.  JEquaUtalum  inverfarum  conjlitutiva. 
Containing  thefe  fix  theorems,  viz, 

1.  If  BA-A3  = Z,\‘''^" 

y or  z=zc[b^  — aY  ; 

and  £3  — BE=;Z;^  and  A — Uy  IL  =z  c. 

then  B^zz”*  — —d^ ^ 

Z=:a{c^  4- 

ov=ze\b^ d^  — a*  — c^)  ; 
and  A = a,  E=z'. 

then  B:r=e*-“zz,  Z = a(c  — b)^ 
or=  c(b  — zz)^  ; 

andBE^  — E3=:Z;  J and  A = — z7,  E=;r  — 

then  Br=z7  4-c  4-  e — b — dy 
'Zz=:a[c  '\-e  — b — d)^ 

' ox-=.e[b  -Y  d~a^cY  1 

and  A—b-\-d—a~-Cy 

E = c-^y-e  — b—d. 

'j  then  Br=(z24"/')  • (d—a), 

5.  IfBA34.A*=Z,  I Z=.(d-a)^B  4-  (z/-zz)5 

j or  r=  (^  — ^)3B  — (t?— ,^)Sj 
andBE3~  H^=Z;J  andA  = r/— z/,  E = g — b, 

^ then  B=i(z7  /)  . (f 

Z = B 4-  (e— zz)  3 ••  (c  — 


2.  If  BA-As  =Z, 
andEs-BE=Z; 

3.  If  BA^4-A3=:Z, 


4.  If  BA4q-ASr=Z, 
andBE^  — E3=Z; 


6.  If  BA-4>As^Z, 


> 


andBE*  — E^nZ; 


or=  B — (z/— 1^)3  . (^d—by 
andA  = e— z7,  E = d—b. 


1.  If  B»A-A3=Z, 
andE3_B^A=:Z; 

2.  If  BA"-A3=Z, 


Chap.  2 I . yPla  riirfus  aiqiialltatuvi  Inverfarum  conjii^ 
tutiva.  In  thefe  two  theorems : 

then  B=z7“4-^^“i-  c-y 

Z'=i{a-\-c)b''-'  or  z=za{b'^~\-c'^  ; 
or  = c{a- 4-  by  ; 
and  A -rz  a or  Cy  E~zz4-c. 

then  B=zz  4-<^  + r, 

Z=:  (zz  4';?4*<-‘)^^  or 
a {b  4-  cY  or  =:z  (zz4-'^)*  ? 
andBE^4“B3=:Z;  j and  A=zzq-;{’or64‘<^>  E = ^. 

Next  follows  the  2d  of  the  pieces  publiftied  by  Alex- 
ander Anderfon,  namely, 

De  Emendatione  JEquationumy  In  14  chapters.- 
Chap.  T.  Of  preparing  equations  for  their  l efolutlon  ■ 
in  numbers,  by  taking  away  the  2dteim;  by  which’ 
affecled  quadratics  are  reduced  to  pure  ones,  and  cubic 
equations  afiefted  with  the  2d  term  are  reduced  to  fuch  ■ 
as  are  affected  with  the  3d  only;  Sevcial  example* 
of  both  forts  of  equations  arc  given.  He  here  too^ 
remarks  upon  the  method  of  taking  away  any  other  term 
out  of  an  t quation,  when  the  highell  power  is  com- 
bined with  that  other  term  only  ; and  this  Vieta  effeefs 
by  means  of  the  coefficients,  or,  as  he  calls  them,  the 
unciie  of  the  power  of  a biuoiniak  All  which  vs’as- 
aho  performed  by  Cardan  for  tlie  fame  purpofe. 

Chap.  2.  De  tranjmutatione  ll^iroi — ehcztov,  qii^e ^ reine- 
dimn  ejl  adverfus  vithun  negaUonls.  Concerning  the 
transformations  liy  changing  tlie  given  root’ A for 
another  root  E,  which  is  equal  to  tiic  homogeneum 

compare- 
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<comparatIonis  divided  by  the  brfl:  root  A ; by  which 
means  negative  terms  are  changed  to  aJurmative,  and 
radicals  are  taken  out  of  the  equation  when  they  are 
contained  in  the  homogeneum  comparationis. 

Chap,  3,  De  Anajirophe,,  (hewing  the  relation  between 
the  roots  of  correlate  equations  ; from  whence,  having 
given  the  root  of  the  one  equation,  that  of  the  other 
becomes  known  ; and  it  confifts  of  thefe  following  8 
theorems,  moftly  deduced  from  the  lall  4 chapters  of 
the  foregoing  recognitlo  ^equatlonum, 

1.  IfBA-AS^rZ,!  , T7A  A*  ■ -Pi  n 

and  E3_BE=zd  EA-A'  = E'-B. 

2.  IfBA^— A3=:Z,  1 , /T7  I ■n\A  Ai  -o-n.  . 

andBE=  + E3=:zi  j (E  + B)A-A»=BD  +Ds 

3.  If  BA-As^Z,]  then  E^A-E^A*  + EA^-A-* 
andE’-BE=:Z;/  = E'l-B. 

4.  If  BA"—  A!  = Z,  i then  (BE"  + E^jA  -(B  E + E")A" 

andBE"  d-E*=Z;/  +(B  + E)A3  - A+=  BE » + E". 

^ ■ and  BElltzl;  } tl.en  A"  - E A=  E - E". 

'^‘andBil  - e'  Zl\  } + (B -E) A=BE -E". 

7.  If  BA  A3z=Z,  , A*-1-EA  — B — 

andBE-  E3~Z;  / /I  d — 13 --L  . 

■®'andBfCEl=i; } thenA"  + (E-B)A=BE-E". 

CJyap,  4,  De  Ifomeerla,  adverfus  vitlum  fraAionls, 
To  take  away  fradlions  out  of  an  equation.  Thus^ 


; then  BDE 


lfA’  + -A  = Z.  PntAer 

D D 

chap,  5,  De  Symmetrica  ClimaBifmo  adverfus  vitlum 
afymmetrice.  To  take  away  radicals  or  furds  out  of 
equations,  by  fquaring  &c  the  other  fide  of  the  equation. 

Chap.  6.  To  reduce  biquadratic  equations  by  means 
of  cubics  and  quadratics,  by  methods  which  are  fmall 
variations  from  thofe  of  Ferrari  and  Cardan. 

Chap,  7.  The  refolution  of  cubic  equations  by  rules 
•which  are  the  fame  with  Cardan’s. 

Chap.  8.  D'e  Canonica  aquationum  tranfmutatlone,  ut 
coefficientcs  fubgraduales  Jint  qua  praferihuntur.  To 
tranfmute  the  equation  fo  that  the  coefficient  of  the 
lower  term,  or  power,  may  be  any  given  number,  he 
dchanges  the  root  in  the  given  proportion,  thus  : Let 
A be  the  root  of  the  equation  given,  E that  of  the 
tranfmuted  equation,  B the  given  coefficient,  and  X 


BE 


the  required  one  ; then  take  A = — , 


which  fubili- 


tute  in  the  given  equation,  and  it  is  done. — He  com- 
monly changes  it  fo,  that  X may  be  i ; which  he 
does,  that  the  numeral  root  of  the  equation  may  be 
the  ea(ier  found  ; and  this  he  here  performs  by  trials, 
by  taking  the  neareft  root  of  the  hlgheft  power  alone  ; 
and  if  that  does  not  turn  out  to  be  the  root  of  the 
whole  equation,  he  concludes  that  it  has  no  rational 
root. 

Chap.  9.  To  reduce  certain  peculiar  forms  of  cubics 
to  quadratics,  or  to  fimpler  forms,  much  the  fame  as 
C^ardan  had  done.  Thus, 


1.  If  r=  B-’  J then  is  A^-BA  5=  BL 

2.  If  2B*A-A3  = J then  is  A^  + BA  — BL 

3.  If  A5  — 3B®A  it:  2B^  ; then  is  A rz  2B. 

4.  If  3B®A~-A3  “ 2B3 ; then  is  A r:  B. 

5.  If  A3  - BA"  + DA  = BD ; then  is  A =r  B. 

6.  If  A3  “I-  BA"  — D"A  = BD" ; then  is  A =.  D. 

7.  If  BA"  4- D"A-- A3  ~ BD"  ; then  Is  ArriB  or=D, 

8.  If  D"A  + BDA  — A3=:B3jthen  is(D-{-  B)A  — A"~B* 

9.  If  A3  — DA"  -f  BDAr2:B3;thenis(D--B)A  — A"r=B" 

10.  If  A3  — 3BA=:B^/  2B  ; then  is  A=  -v/fB  — \/lB, 

1 1.  If  3BA  —•  A3rrB^2B  ; then  is  Arr:  v^|B  — v'iB. 

Chap.  IQ.  Simlltnm  redutllonum  continuatlo.  Being 
fome  more  fimilar  theorems,  wEen  the  equation  is  af- 
fedled  with  all  the  powers  of  the  unknown  quantity  A. 

Cnap,  II,  12,  13  relate  alfo  to  certain  peculiar  forms 
of  equations,  in  which  the  root  is  one  of  the  terms  of 
a certain  feries  of  continued  proportfonais. 

Chap.  14,  which  is  the  laft  in  this  tradf,  contains,  in 
four  theorems,  the  general  relation  between  the  roots  of 
ail  equation  and  the  coefficients  of  its  terms,  when  all 
its  roots  are  pofitive.  Namely, 

1 . If  B 4-  D . A — A"  = BD  ; then  is  A = B or  D. 

2.  If  A3— B — jj— G • • 

A = BDG ; then  is  A — B or  D or  G. 

3.  If  BDG  + BDH-t-  BGH  -4  DGH  * A - BD- 


BG-BH-DG-DH-GH.A"-4B  + D4-G4-H 

• A3  - A^^BDGH;  then  is  A=B  or  D orG  or  H. 

4.  If  A3  - B - D - G - 14  - K . A^  4 BD  4-  B(r+ 
BH  4 B K 4 DG  4 DH  4 DK  4 GFLfGKTHK 
' . A3~l5DG-BDH-BDK  -BGH  - BGK 
-BHK-  DGH-DGK-DHI^-GHK  . A* 

4 BDGH  4 BDGK  4 BDHK  4 BGHK  4 DGHK 

• A—BDGHK  j then  is  A = B or  D or  G or 
H or  K. 

And  from  thefe  laft  4 theorems  It  appears  that  Vieta 
was  acquainted  with  the  compofition  of  thefe  equations, 
that  is,  when  all  their  roots  are  pofitive,  for  he  never 
adverts  to  negative  roots ; and  from  other  parts  of  the 
work  it  appears  that  he  was  not  aware  that  the  fame 
properties  will  obtain  in  all  forts  of  roots  whatever. 
But  it  is  not  certain  in  what  manner  he  obtained 
thefe  theorems,  as  he  has  not  given  any  account  of 
the  inveftigations,  though  that  was  ufually  his  way 
on  other  occafions  ; but  he  here  contents  himfelf  with 
barely  announcing  the  theorems  as  above,  and  for  this 
ftrange  reafon,  that  he  might  at  length  bring  his  work 
to  a qonclufion. 

To  this  piece  is  added,  by  Alexander  Anderfon, 
an  Appendix,  containing  the  conftruflion  of  the  cubic 
equations  by  the  trifedlion  of  an  angle,  and  a demon- 
(Iration  of  the  property  referred  to  by  Vieta  for  this 
purpofe. 

De  Nmnerofa  Potejlatum  Purarum  Refolutlone.  Vieta 
here  gives  fome  examples  of  extradling  the  roots  of 
pure  powers,  in  the  way  that  had  been  long  before 
praftifed,  by  pointing  the  number  into  periods  of 
figures  according  to  the  index  of  the  root  to  be  ex- 
tracted, and  then  proceeding  from  one  period  to  another, 
in  the  ufual  way. 
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De  '^Tumerofa  Potejlaium  adfe&artm  Refoluthm,  And 
here,  in  clofe  imitation  of  the  above  method  for  the 
roots  of  pure  powers,  Vieta  extracts  thole  of  adfefted 
ones  ; or  finding  the  roots  of  a{fe6led  equations,  placing 
always  the  homogeneum  comparationis,  or  abfolute 
term,  on  one  fide,  and  all  the  terms  affedfed  with  the 
unknown  quantity,  and  their  proper  figns,  on  the 
other  fide.  The  method  is  very  laborious,  and  is  but 
little  more  than  what  was  before  done  by  Stevinus  on 
this  fubjeft,  depending  not  a little  upon  trials.  The 
examples  he  ufes  are  fuch  as  have  either  one  or  two 
roots,  and  indeed  fuch  as  are  affedfed  commonly  with 
only  two  powers  of  the  unknown  quantity>  and  which 
therefore  admit  only  of  thofe  two  varieties  as  to  the 
number  of  roots,  namely  according  as  the  higher  of 
the  two  powers  is  affirmative  or  negative,  the  homo- 
geneum comparationis,  on  the  other  fide  of  the  equa- 
tion, being  always  affirmative  ; and  he  remarks  this 
general  rule,  if  the  higher  power  be  negative,  the 
equation  has  two  roots  ; otherwife,  only  one  ; that  is, 
affirmative  roots  ; for  as  to  negative  and  imaginary  ones, 
Vieta  knew  nothing  about  them,  or  at  leall  he  takes 
no  notice  of  them.  By  the  foregoing  extraftion, 
Vieta  finds  both  the  greater  and  lefs  root  of  the  two 
that  are  contained  in  the  equation,  and  either  of  them 
that  he  pleafes  ; having  firfi,  for  this  purpofe,  laid 
down  fome  obfer\'utlons  concerning  the  limits  within 
which  the  two  roots  are  contained.  Alfo,  having 
found  one  of  the  roots,  he  fhews  how  the  other  root 
may  be  found  by  means  of  another  equation,  which 
is  a degree  lower  than  the  given  one  ; though  not  by 
depreffing  the  given  equation,  by  dividing  it  as  is  now 
done  ; but  from  the  nature  of  proportionals,  and  the 
theorems  relating  to  equations,  as  given  in  the  former 
tradfs,  he  finds  the  terms  of  another  equation,  different 
from  that  laft  mentioned,  from  the  root  &c  of  which, 
the  2d  root  of  the  original  equation  may  be  obtained. 

In  the  courfe  of  this  work,  Vieta  makes  alfo  fome 
obfervatlons  on  equations  that  are  ambiguous,  or  have 
three  roots  ; namely,  that  the  equation  iC  — 

I iN  = 6,  or  as  we  write  it  x^  — 6.v-  + 1 1 a:  — 6 is  am- 
biguous, when  the  2d  term  is  negative,  and  the  3d 
term  affirmative,  and  when  | of  the  fquare  of  6 the 
coefficient  of  the  2d  term,  exceeds  ii,  the  coefficient 
of  the  3d  term,  and  has  then  three  roots.  Or  in  ge- 
neral, if  -P  = r,  and  the  equation 

is  ambiguous,  and  has  three  roots.  He  fhews  alfo, 
from  the  relation  of  the  coefficients,  how  to  find  whe- 
ther the  roots  are  in  arithmetical  progreffion  or  not, 
and  how  far  the  middle  root  differs  from  the  extremes, 
by  means  of  a cubic  equation  of  this  form  x^—ba  = r. 
In  all  or  moft  of  which  remarks  he  was  preceded  by 
Cardan. — Vieta  alfo  remarks  that  the  cafe  — q- 
24A'— 20,  has  three  roots  by  tlie  fame  rule,  viz,  2,  2,  5, 
but  that  two  of  them  are  equal.  And  farther,  that 
when  IS  =rr  h,  then  all  the  three  roots  are  equal,  as 
in  the  cafe  — 6x^-i-i2x=:  8,  the  three  roots  of 
which  are  2,  2,  2.  But  when  ja^  is  lefs  than  b,  the 
cafe  is  not  ambiguous,  having  but  one  root.  And 
when  ah  =.  then  a m x one  root  Itfelf. 

Many  curious  notes  are  added  at  the  end,  with  re- 
marks on  the  method  of  finding  the  approximate  roots, 
when  they  are  ^ not  rational,  which  is  done  in  two 
ways,  in  imitation  of  the  fame  thing  in  the  extradiiou 


of  pure  powers,  viz,  the  one  by  forming  a fradfion 
of  the  remainder  after  all  the  figures  of  the  homo- 
geneum comparationis  are  exhaufied  ; the  other  by  in- 
creafing  the  root  of  the  equation  in  a lo  fold,  or  ico 
fold,  6cc,  proportion,  and  then  dividing  the  root  which 
refults  by  10,  or  100,  &c:  and  this  is  a decimal  ap- 
proximation. AndVieta  obferves  that  the  roots  will  be 
increafed  10  or  100  fold,  &c,  by  adding  the  corre- 
fponding  number  of  ciphers  to  the  coefficient  of  the 
2d  term,  double  that  number  to  the  3d,,  triple  the 
fame  number  to  the  4th,  and  fa  on,  80  if  the  equa^ 
tion  were 

I C 4* 40^" 

then  I C 4-  4oQ^  6ooNr=8ooo  will  have  its  root  10  fold, 
and  iC  4-4CoQjp6ooooN=z8oooooowillhavcitioofold. 

Befides  the  foregoing  algebraical  works,  Vieta  gave 
various  conftvuftlons  of  equations  by  means  of  circles 
and  right  lines,  and  angular  fedlions,  which  may  be  • 
confidered  as  an  algebraical  tradf,  or  a method  of  ex- 
hibiting the  roots  of  certain  equations  having  all  their 
roots  affirmative,  and  by  means  of  which  he  refolved 
the  celebrated  equation  of  45  powers,  propofed  to  all 
the  world  by  Adrianus  Romanus. 

Having  now  delivered  a particular  analyfis  of  Vieta^s 
algebraical  writings,  it  will  be  proper,  as  with  other 
authors, 'to  colledl  Into  one  view  the  particulars  of  his 
more  remarkable  peculiarities,  inventions,  and  improve- 
ments. 

And  firft  it  may  be  obferved,  that  his  writings 
fiiew  great  originality  of  genius  and  invention,  and 
that  he  made  alterations  and  improvements  in  mod 
parts  of  algebra  ; though  in  other  parts  and  refpedts- 
his  method  Is  inferior  to  fome  of  his  predecefi'ors ; 
as,  for  inllance,  where  he  negledfs  to  avail  himfelf  of 
the  negative  roots  of  Cardan  ; the  numeral  exponents 
of  Stifelius,  inllead  of  which  he  ufes  the  names  of  the 
powers  themfelves  ; or  the  fraftional  exponents  of  Ste- 
vimis  ; or  the  commodious  way  of  prefixing  the  co- 
efficient before  the  quantity  or  fadfor  ; and  fuch  like 
circumdances  ; the  w'ant  of  which  gives  his  Algebra, 
the  appearance  of  an  age  much  earlier  than  its  owm. 
But  his  real  inventions  of  thinofs  before  not  known, 
may  be  reduced  to  the  following  particulars. 

id.  Vieta  introduced  the  general  ufe  of  the  letters 
of  the  alphabet  to  denote  indefinite  given  quantities  ; 
which  had  only  been  done  on  fome  particular  occafions 
belore  his  time.  But  the  general  ufe  of  letters  for 
the  unknown  quantities  was  before  pretty  common 
with  Stifelius  and  his  fuccefibis.  Vieta  ufes  the  vowels 
A,  E,  I,  O,  U,  Y for  the  unknown  quantities,  and  the 
conlonants  B,  C,  D,  &c,  for  knowai  ones. 

2d.  He  invented,  and  introduced  many  expreffions 
or  terms,  feveral  of  which  are  in  ufe  to  this  day  : 
fuch  as  coefficient,  affirmative  and  negative,  pure  and 
adfected  or  affedlcd,  unclce,  homogeneum  adfedionis, 
homogeneum  comparationis,  the  line  or  vinculum  over 

compound  quantities  thus  A 4-  B.  And  his  method  of 
fetting  down  his  equations,  is  to  place  the  homogeneum 
comparationis,  or  abfolute  known  term,  on  the  right- 
hand  fide  alone,  and  on  the  other  fide  all  the  terms 
which  contain  the  unknown  quantity,  with  their  proper 
figns, 

3d.  In  mod  of  the  rules  and  rediuftions  for  cubic  and 
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other  equalsons,  lie  mack  Tome  improvements,  and  va- 
riatloiis  in  tlie  modes. 

4rh.  He  fhewed  how  to  change  the  root  of  an  equa- 
tion in  a given  proportion. 

5.  He  derived  or  railed  the  cubic  and  biquadratic, 
c(]uations,  from  quadratics;  but  not  by  compo- 

iition  in  Harriotts  way,  but  by  fquaring  and  otherwife 
mulliplying  certain  parts  of  the  quadratic.  And  as 
foine  ciUcidratic  equations  have  two  roots,  therefore  the 
ciibics  and  others  raifed  from  them,  have  alfo  the  fame 
two  roots,  and  no  more.  And  hence  he  comes  to 
know  what  relation  tbefe  two  roots  bear  to  the  co- 
ePucients  of  the  two  lowell  terms  of  cubic  and  ether 
equations,  when  they  have  only  3 terms,  namely,  by 
-comparing  them  with  hmilar  equations  fo  railed  from 
qtiadratics.  And,  on  the  contrary,  what  the  roots  are, 
in  terms  of  fuch  coehicients. 

6.  He  made  feme  obfervations  on  the  limits  of  the 
two  roots  of  certain  equations. 

7.  He  Hated  the  general  relation  between  the  roots 
of  certain  equations  and  the  coefficients  of  its  terms, 
when  tlijc  terms  are  alternately  plus  and  minus,  and 
none  of  them  are  wanting,  or  the  roots  all  pofitive. 

. 8.  He  extradled  the  roots  of  affedled  equations,  by  a 

method  of  approximation  fimilarto  that  for  pure  powers. 

9,  He  gave  the  conftrudtion  of  certain  equations, 
and  exhibited  their  roots  by  means  of  angular  feclions  ; 
before  adverted  to  by  Bombeili. 

OF  ALBERT  GIRARD. 

Albeit  Girard  was  an  ingenious  Dutch  or  Flemifh 
maibematician,  who  died  about  the  year  1633.  He 
publiflied  an  edition  of  Stevinus’s  Arithmetic  in  1623, 
augmented  with  many  notes  ; and  the  year  after  his 
death  was  pubiifiied  by  his  widow,  an  edition  of  the 
whole  works  of  Steviniis,  in  the  fame  mSnner,  which 
Girard  had  left  ready  for  the  prefs.  But  the  work 
which  entitles  him  to  a particular  notice  in  this  hiftory, 
is  his  “ Invention  Nouvelle  en  Pjllgehre,  tant  pour  la  fo^ 
lution  des  equations^  que pour  recognolflre  le  nomhre  des  fo- 
lutions  quelles  recoiventi  a-vec  plufieurs  chofes  qui  font  ne- 
eejfaires  a la  perfeBion  de  cefe  divine  fcience  t”  which 
■was  printed  at  Amllerdam  1629,  in  fmall  quarto  in 
63  pages,  viz,  49  pages  on  Arithmetic  and  Algebra, 
and  the  reft  on  the  meafure  of  the  fupeifficies  of 
fpherical  triangles  and  polygons,  by  him  then  lately 
ciifcovered. 

In  this  work  Girard  firft  premifes  a fliort  traff  on 
Arithmictic  ; in  the  notation  of  which  he  has  fome- 
thlng  peculiar,  viz,  dividing  the  numbers  into  the 
ranks  of  millions,  billions,  trillions.  See. 

He  next  delivers  the  common  rules  of  Algebra^  both 
in  integers,  fraAions  and  radicals ; with  the  nota- 
tion of  the  quantities  and  figns.  In  this  part  he  ufes 
fometimes  the  letters  A,  B,  C,  &c,  after  the  man- 
ner of  Vieta,  but  more  commonly  the  charadfers  of 
Stevinus,  viz,  ©5  0>©5©)  &c,  for  the  powers  of  the 

unknown  quantity,  with  their  roots  ©,  (?))©)  (£}•,  ©> 
&;c,  ufed  by  Stevinus  ; and  fometimes  the  more  ufual 
marks  of  the  roots  as,  f or  &c  ; prefixing 

the  coefficients,  as  6(2),  or  3-^32,  or  2©.  lathe 
figns  he  follows  his  predeceffors  fo  far  as  to  have  + for 
plus,  — ' or  for  minus,  = for  general  or  Indefinite 
difference,  A 4-  B for  the  fum,  A — B or  A z:  B for 
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the  difference,  AB  the  prodiidl;,  and  — • for  the  qiUitlcnl'. 

■ B 

of  A and  B.  He  ufes  the  parenthefes  ( ) for  the 

vinculum  or  bond  of  compound  quantities,  as  is  now 
commonly  pradfifed  on  the  continent  ; as  A.(  AB  4-  Bq), 
or  4/ (A  cub.  — ^AqB);  and  he  introduces  the  new 
charadlers  ff  for  greater  than,  and  § for  lejs  than  ; but 
he  ufes  no  charadfer  fof  equality',  only  tiie  word  itklf. 

Girard  gives  a new  rule  for  extracting  the  cube  root 
of  binomials,  which  iiovvever  is  in  a good  meafure  ten- 
tative, and  which  he  explains  thus : To  extrad-f  the  cube 
root  of  7 2 -f  >^5 1 20. 

The  fqiiares  of  the  terms 


their  difference  64,  and  its  ' 
cube  root  4.  Which  ihews  that  the  difference  between 
the  fquares  of  the  terms  rec|iured  is  4 ; and  th.e  rational 
part  72  being  the  greater,  the  greater  term  of  the  root 
will  be  rational  alfo  ; and  Hither,  that  the  greater  terms 
of  the  power  and  root  are  conimenf arable,  as  alfo  the 
two  lefs  terms.  Then  liaving  made  a table  as  in  the 
margin,  where  the  fquare  of  the  rational 

2 -f  Vo  term  always  exceeds  that  of  tiie  other,  by  the 

3 + Vs  number  4 above  mentioned,  one  of  thefe  bi- 

I 2 nomials  mufe  be  the  cubic  root  fought,  the 
5-4  >^/2l  given  quantity  have  fuch  a root,  and  it  mull 
be  one  of  thefe  four  forms,  for  it  is  known 
to  be  carried  far  enough  by  obferving  that  the-  cube 
root  of  72  is  lefs  than  5,  and  the  cube  root  of  5120 
lefs  than  21  ; indeed,  this  being  the  cafe,  the  lafl  bino- 
mial Is  excluded,  as  evidently  toq.great ; and  the  hrfl 
is  excluded  becaufe  one  of  Its  terms  is  6 ; therefore 
the  root  mull  be  either  ^~\-VS  4--\-V^^^  And  to 

know  whether  of  thefe  two  it  mull  be,  try  which  of 
them  has  its  two  terms  exadl  divifors  of  the  correfpond- 
ing  terms  of  the  given  quantity ; then  it  is  found  that 
3 and  4 are  both  divifors  of  72,  but  that  only  3,  and 
not  12,  is  a divifor  of  5120;  therefore  V S is  the  ^ 
root  fought,  which  upon  trial  is  found  to  anfwer.  It 
is  remarkable  here  that  Girard  ufes  4+  ^^20  inftead  of 
44-  \/i2,  and  5 -f  -v/29  inftead  of  5 + 's/20,  contrary  to 
his  own  rule, 

Girard  then  gives  dlftin6l  and  plain  rules  for  bringing 
queftions  to  equations,  and  for  the  redu6lion  of  thofe 
equations  to  their  fimpleft  form,  for  folution,  by  the  ufual 
modes,  and  alfo  by  the  way  called  by  Vieta  Jfomeria^ 
multiplying  the  terms  of  the  equation  by  the  terras  of 
a geometrical  progreffion,  by  which  means  the  roots  are 
altered  in  the  proportion  of  i to  the  ratio  of  the  pro- 
greffion. He  then  treats  of  the  methods  of  finding 
the  roots  of  the  feveral  forts  of  equations,  quadratic, 
cubic,  &c  ; and  adds  remarks  on  the  proper  number  erf 
conditions  or  equations  for  limiting  queftions.  The 
quadratics  are  refolved  by  completing  the  fquare,  and 
both  the  pofitive  and  negative  roots  are  taken  ; and  he 
obferves  that  fometimes  the  equation  is  impoffible,  as  » ) 
equ.  ■—  25,  whofe  roots,  he  adds,  are  5 -{-  a/  — 16 
and  3 — 'v/  — 16. 

The  cubic  equations  he  refolvcs  by  Cardan’s  rule, 
except  the  irreducible  cafe,  which  he  the  firft  of  any 
refolves  by  a table  of  fines  ; the  other  cafes  alfo  he  re- 
folves  by  tables  of  fines  and  tangents  ; and  adds  geo- 
metrical couftrudions  by  means  of  the  hyperbola  or  the 
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of  angles.  He  next  adds  a particular  mode 
of  refolving  all  forts  of  equations,  that  have  rational 
roots,  upon  the  principle  of  the  roots  being  divifors  of 
the  lall  or  abfolute  term,  as  before  mentioned  by  Pele- 
tarius  ; and  then  gives  the  method  of  approximating 
to  other  roots  that  are  not  rational,  much  the  fame  way 
as  ‘Stevinus. 

"Having  found  one  root  of  an  equation,  by  any  of  the 
former  methods,  by  means  of  it  he  deprelfes  the  equation 
one  degree  lower,  then  finds  another  root,  and  fo  on 
till  they  are  all  found  ; for  he  fliews  that  every  algebraic 
equation  admits  of  as  many  folutio«s  or  roots,  as  there 
are  units  in  the  index  of  the  highefl  power,  which 
roots  may  be  either  pofitive  or  negative,  or  imaginary, 
or,  as  he  calls  them,  greater  than  nothing,  or  lefs  than 
nothing,  or  involved  ; fo  tlie  roots  of  the  equation  i 0 
equ.  6,  are  2,  i,  and  — 3 ; and  the  roots  of  the 

equation  iQ  equ.  4© 


3 are 


-- 1 + v^  — 2, 

— I — v/  — 2. 

In  deprefiing  an  equation  to  lower  degrees,  he  docs 
not  ufe  the  method  of  refolution  of  Harriot,  but  that 
which  is  derived  from  the  general  relation  of  the  roots 
and  coefficients  of  the  terms,  which  he  here  fully  and 
univerfally  ftates,  viz,  that  the  coefficient  of  the  2d  term 
IS  equal  to  the  fum  of  all  the  roots  ; that  of  the  3d 
term  equal  to  the  fum  of  all  the  prodiidls  of  the  roots, 
taken  two  by  two;  that  of  the  4th  term,  the  fum  of 
the  produdls,  taken  three  by  three  ; and  fo  on,  to  the 
laft  or  abfolute  term,  which  is  the  continual  produa  of 
all  the  roots;  a property  which  was  before  dated  by 
Vieta,  as  to  the  equations  that  have  all  their  roots  pofi- 
tive ; and  heie  extended  by  Girard  to  all  forts  of  roots 
whatever  : but  how  either  Vieta  or  he  came  by  this  pro- 
perty, no  w'here  appears  that  I know  of.  From  this 
general  property,  among  other  deduaions,  Girard  fiiew-s 
how  to  find  the  fums  of  the  powers  of  the  roots  of  an 
equation  ; thus,  let  A,  B,  C,  D,  &c,  be  the  ift,  2d,  3d, 
4th,  &c,  coefficient,  after  the  fird  term,  or  the  dims  of 
the  proQuas  taken  one  by  one,  two  by  two,  three  by 
three,  &c  ; tlicn,  in  all  forts  of  equations, 

‘An-.-.-R  "I  -5  « f roots, 

^qoares, 

A cub. --3  AB 4-30  1 - 2 I cubes, 

'^^^r'4^'iJ^+4AC  + 2Bq-4Dj  ||  Lbiquadi-ates. 

Girard  next  explains  the  ufe  of  negative  roots  In 
Geometry',  diewing  that  they  reprefent  lines  only 
drawn  in  a direaion  contrary  to  thofc  rcprefentlnci^  tlie 
pofitive  roots;  and  he  remarks  that  this  is  a thin^r 
hitherto  unknown.  He  then  terminates  the  Algebrt 
by  fome  quedions  having  two  or  more  unknown  quan- 
tities; and  fubjoins  to  the  wffiole  a traa  on  the  men- 
furation  of  the  furfaces  of  fpherical  triangles  and  poly- 
gons, by  him  lately  difeovered.  - r 2 

foregoing  account  it  appears  that, 

L ' He  was  the  fird  perfon  who  underdood  the  general 
doftrineof  the  formation  of  the  coefficients  of  the  powers, 
from  the  fums  of  their  roots,  and  their  produds,  &c. 

was  the  fird  who  underdood  the  ufe  of  ne- 
gative  roots  111  the  folution  of  geometrical  problems. 

3d,  He  was  the  fird  who  fpoke  of  the  imaginary  roots, 
and  underdood  that  every  equation  might  have  as  many 

roots  real  and  imaginary,  and  do  more,  as  there  arc 
VoL,  I. 


units  in  the  index  of  the  highed  power.  And  he  wa* 
the  fird  who  gave  the  whimlical  name  of  quantities  lefs 
than  nothing  to  the  negative.  And, 

4th,  He  was  the  fird  udio  dlfcorercd  the  rules  for 
funiming  the  powers  of  the  roots  of  any  equation. 

OF  HARRIOT. 

Thomas  Harriot,  a celebrated  aftronomer,  philofo- 
phei , and  mathematician,  dourifhed  about  the  y'ear  1 6 1 o, 
about  which  time  it  is  probable  he  vTrote  his  Algebra,  as 
he  was  tlicn,  and  had  been  for  many  years  before, 
celebrated  for  his  mathematical  and  adronornical  la- 
bours. In  that  year  he  made  obfervations  on  the  fpots 
in  the  fun,  and  on  Jupiter’s  fatellites,  the  fame  year  jlfo 
in  which  Galileo  fird  obferved  them  : he  left  manyr 
other  curious  adronornical  obfervations,  and  amongft 
them,  fome  on  the  remarkable  comets  of  the  years  i6ojr 

and  1618.  His  Algebra  was  left  behind  him  unpublifhed, 

as  well  as  thofe  other  papers,  at  his  death,  which  hap- 
pened in  the  y'ear  1621,  being  then  60  years  of  age,  and 
but  fix  years  after  the  lull  publication  of  the  principal 
parts^  of  Vieta  s Algebra  by  Alexander  Anderfon  ; fo 
that  it  IS  probable  that  Harriot’s  Algebra  was  written 
befoie  this  time,  and  indeed  that  be  had  never  feeii  thefc 
pieces.  Harriot’s  Algebra  was  publiflied  by  his  friend 
Walter  Warner,  in  the  year  1631  : and  it  w^ould  doubt- 
lefs  be  highly  grateful  to  the  learned  In  thefe  fciences, 
if  his  other  curious  algebraical  and  adronornical  works 
were  publilhed  from  his  original  papers  in  the  polTeffion 
of  the  Earl  of  Egremont,  to  whom  they  have  defeended 
from  Henry'  Percy,  the  Earl  of  Northumberland,  that 
noble  Maecenas  of  his  day.  The  book  is  in  folio,  and 
intitled  Artis  Analytics  Praxis^  ad  JEquationes  Alge- 
braicas  novay  expediia,  iff  generali  methodo,  refolvendas  ; 
a work  in  all  parts  of  it  fhewing  marks  of  great  genius 
and  originality',  and  is  the  fird  indance  of  the  modem 
form  of  Algebra  in  which  it  has  ever  fince  appeared. 
It  is  prefaced  by  i8  definitions,  which  are  thefe  : id, 
Logidica  Speciofa ; 2d,  EZquation  ; 3d,  Synthefis  ; 

4,  Aualyfis  ; 5,  Compolition  and  Refolution  ; 6,  Form- 
ing an  Equation  ; 7,  Reduclion  of  an  Equation  ; 8,  Ve- 
rification ; Numerofa  & bpcciofa  ; 10,  Excogitata  ; 
II,  Refolution  ; 12,  Roots;  13  and  14,  The  kinds  and 
generation  of  equations  by  multiplication,  from  binomial 
roots  or  fadlors,  called  original  equations, 
a b = aa  -f-  ba 


a — c 


QV  a -{■  b 
a -{•  c 
a — d 


— Cd  — Icj 

zizaaa  4 baa  F hca 
F caa  — bda 
— daa  — eda  — hedy 


where  he  puts  a for  tlic  unknown  quantity,  and  the 
fmall  confonants,  by  Cy  dy  ^c,  for  its  literal  values  or 
roots  ; 15,  T.  he  fird  form  of  canonical  equations,  wliich 
are  derived  from  the  above  originals,  by  tranfpofing 
the  homogeneum,  or  abfolute  term, 
thus  a a F ba 

— rr  "F  hcy  &c  ; 

16,  The  fecondary  canonicals,  formed  from  the  pii^ 
many  by  expelling  the  2d  term, 
thus  aa'=.  bhy 
or  aaa  — lb  a 

— bca 

— cca  ^ -f-  bbc 

+ ba  ; 

^ 1 7,  That 
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17,  That  thefe  are  called  canonicals,  becaufe  they  arc 
adapted  to  canons  or  rules  for  finding  the  numeral  roots, 
S:c,  18,  Reciprocal  equations,  in  which  the  homo- 
geneum  is  the  produdf  of  the  coefficients  of  the  other 
terms,  and  the  firfl  term,  or  highcfl  power  of  the 
root,  is  equal  to  the  produdl  of  the  powers  in  the  other 
terms,  as  ^<ia  — caa  -f-  = -f* 

After  thefe  definitions,  the  work  is  divided  into  two 
principal  parts  ; ift,  of  various  generations,  reductions, 
and  preparations  of  equations  for  their  refolutlon  in  the 
2d  part.  The  former  Is  divided  into  6 fedtions  as  fol- 
lows. 

iJeA  I.  Logijlices  Sfectofa^  exemplified  in  the  4 oper- 
ations of  addition,  fubtradtion,  multiplication,  and  di- 
vifion  ; as  alfo  the  redudtiou  of  algebraic  fradlions,  and 
the  ordinary  redudtion  of  irregular  equations  to  the 
form  proper  for  the  refolutlon  of  them,  namely,  fo  that 
all  the  unknown  terms  be  on  one  fide  of  the  equation, 
and  the  known  term  on  the  other,  the  powers  in  the 
terms  ranged  in  order,  the  greateft  firft,  and  the  firft  or 
highefl  power  made  pofitlve,  and  freed  from  its  co- 
efficient ; as  aa  -i-  l>a  = cd^ 

or  aaa  -\‘haa—cda  = — c^d% 

III  this  part  he  explains  fome  unwfual  characters  which 
he  introduces,  namely 

= for  equality,  as  a — h^ 

> for  majority,  as  ^ > ^, 

<;  for  minority,  asa<-h  \ 

but  the  fii-fl  had  been  before  introduced  by  Robert 
Rccorde. 

Setl.  2.  The  generation  of  original  equations  from 
binomial  faCtors  or  roots,  and  the  deducing  of  canoni- 
cals from  the  originals.  He  fiippofes  that  every  equa- 
tion has  as  many  roots  as  dimenfions  in  its  highefl 
power  ; then  fuppofing  the  values  of  the  unknown 
letter  a in  any  equation  to  be  h,  r,  dy  fy  See,  that  is  a=b, 
and  a zzcy  and  a = dy  &cc  ; by  tranfpofition,  or  equal 
fubtraClion,  thefe  become  a — b = o,  and  a— 6-  = o,  and 
a'^d  = o,  &c,  or  the  fame  letters  with  contrary  figns, 
for  negative  values  or  roots ; then  two  of  thefe  binomial 
factors  multiplied  together,  gives  a quadratic  equation, 
three  of  them  a cubic,  four  of  them  a biquadratic,  and 
fo  on,  with  all  the  terms  on  one  fide  of  the  \equation, 
and  o on  the  other  fide,  fince,  every  binomial  faCtor 
being  = o,  the  continual  produCl  of  all  of  them  mufl 
alfo  be  = o.  Thus, 


a -V  b 
-f-  c 
a — d 


= aaa  -f-  baa  + 

+ caa  •—  bda 

•—  daa  — eda  — led  = o 


an  original  equation, 

and  aaa  4-  baa  -f  be  a 

+ caa  — bda 
— daa  — eda  = 4-  bed 

its  canonical,  deduced  from  it.  And  thefe  operations 
are  carried  through  all  the  cafes  of  the  2d,  3d  and  4th 
powers,  as  to  the  varieties  of  the  figns  4-  and  — , and 
the  proportions  of  the  roots  as  to  equal  and  unequal, 
with  the  reciprocals,  See.  From  which  are  made  evi- 
dent, at  one  glance  of  the  eye,  all  the  relations  and 
properties  between  the  roots  of  equations,  and  the  co- 
efficients of  the  terms. 

Sed,  3.  jEquatwmm  canomcarum  fecundariarum  a 
frlmariu  redudio  per  gradns  alicvjm  parqdkl  fublationem 


radice  fuppofititla  irivariata  manente*  Containing  a great 
many  examples  of  preparing  equations  by  taking  away 
the  2d,  3d,  or  any  other  of  the  intermediate  terms, 
which  is  done  by  making  the  pofitive  coefficients  in 
that  term,  equal  to  the  negative  ones,  by  which  means 
the  whole  term  vaniffies,  or  becomes  equal  to  nothing. 

They  are  extended  as  far  as  equations  of  the  5th 
degree ; and  at  the  end  are  collc(4.ed,  and  placed  in 
regular  order,  all  the  fecondary  canonicals,  fo  reduced, 
fo  that  by  the  uniform  law  which  is  vifible , through 
them  all,  the  feries  may  be  continued  to  the  higher  de- 
grees as  far  as  we  pleafe. 

Seii»  4.  JEquatwnum  camnicarum  tarn  prtmartarum^ 
quam  fecundariarumy  radicum  dejlgnatio,  A great  many 
literal  equations  are  here  fet  down,  and  their  roots  af- 
figned  from  the  form  of  the  equation,  that  is  all  their 
pofitive  roots ; for  their  negative  roots  are  not  noticed 
here  ; and  it  is  every  where  proved  that  they  cannot 
have  any  more  pofitive  roots  than  thefe,  and  confe- 
quently  the  reft  are  negative.  That  thofe  are  roots,  he 
proves  by  fubftituting  them  inftead  of  the  unknown 
letter  a in  the  equation,  when  they  make  all  the  term* 
on  one  fide  come  to  the  fame  thing  as  the  bomogeueum 
on  the  other  fide. 

Seb/,  5,  /«  qua  aquationum  communtum  per  camnicarum 
equipollentiamy  radicum  numerus  detenninatur*  On  the 
number  of  the  roots  of  common  equations,  that  is  the 
pofitive  roots.  This  Harriot  determines  by  comparing 
them  with  the  like  cafes  found  among  his  canonical 
forms,  which  two  equations,  having  the  fame  number  of 
terms  with  the  fame  figns,  and  the  relations  of  the  co- 
efficients and  homogeneum  correfpondent,  he  calls  equi- 
pollents.  And  whatever  was  the  number  of  pofitive 
roots  ufed  in  the  compofitlon  of  the  canonical,  the 
fame,  he  infers,  is  the  number  in  the  propofed  common 
equation.  It  is  remarkable  that  in  all  the  examples 
here  ufed,  the  number  of  pofitive  roots  is  juft  equal  to 
the  number  of  the  changes  in  the  figns  from  4*  to  — 
and  from  — to  4" » which  is  a clrcumftance,  though  not 
here  exprefsly  mentioned,  that  could  not  efc^ipe  the 
obfervation,  or  the  eye,  of  any  one,  much  lefs  of  fo 
clear  and  comprehenfive  a fight  as  that  of  Harriot. 
In  this  fe6lion  are  contained  many  ingenious  difqiii- 
fitions  concerning  the  limits  and  magnitudes  of  quan- 
tities, with  feveral  curious  lemmas  laid  down  to  de- 
monftratc  the  propofitions  by,  which  lemmas  are  them- 
felves  demonftrated  in  a pure  mathematical  way,  from 
the  magnitudes  themfelves,  independent  of  geometrical 
figures;  fuch  as,  l.  If  a quantity  be  divided  into  any 
two  unequal  parts,  the  fquare  of  half  the  line  will  be 
greater  than  the  product  of  the  two  unequal  parts. 
2,  In  three  continued  proportionals,  the  fum  of  the 
extremes  is  greater  than  double  the  mean.  3,  In  four 
continued  proportionals,  the  fum  of  the  extremes  is 
greater  than  the  fum  of  the  two  means.  4,  In  any' 
two  quantities,  one-fourth  the  fquare  of  the  fum  of  the 
cubes,  is  greater  than  the  cube  of  the  prodinft  of  the 
two  quantities.  5,  Of  any  two  quantities  q and  r,  then 

^ + 6,  If  any  quan- 

tity be  divided  into  three  unequal  parts,  the  fquare  of 
I of  the  whole  quantity  Is  greater  than  f of  the  fum  of  the 
three  produdls  made  of  the  three  unequal  parts.  7,  Alfo 
the  cube  of  the  j part  of  the  whole,  is  greater  than  the 
folid  or  continual  crodud  of  the  three  unequal  parts. 

3 ‘ 
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Scff,  6,  JEqualionmn  communium  reduBio  per  gradus 
altcujus  parodici  exclufionem  £5*  rad'tcis  Juppofititix  muta~ 
tionem.  Here  are  a great  many  examples  of  reducing 
and  transforming  equations  of  the  2d,  3d,  and  4th  de- 
grees ; chiefly  eitlier  by  multiplying  the  roots  of  equa- 
tions in  any  proportion,  as  was  done  by  VIeta,  or  in- 
crealing  or  diminifhing  the  root  by  a given  quantity, 
after  the  manner  of  Cardan.  The  former  of  thefe  re- 
du<5lions  is  performed  by  multiplying  the  terms  of  the 
equation  by  the  correfponding  terms  of  a geometrical 
progreffion,  the  ill;  term  being  i,  and  the  2d  term  the 
quantity  by  which  the  root  is  to  be  multiplied.  And 
the  other  redu6lion,  or  transforming  to  another  root, 
which  may  be  greater  or  lei's  than  the  given  root  by  a 
given  quantity,  is  performed  commonly  by  fubftituting 
e 4*  or  — ^ for  the  given  root  by  which  the  equation 
is  reduced  to  a Ampler  form.  Other  modes  of  fublli- 
tution  are  alfo  ufed;  one  of  which  is  this,  viz,  fubditutlng 

or  f zr  — ror  the  root  a in  the  given  equation 


aaa  qi  '^dha  = 2. err,  by  which  it  reduces  to  this  qua- 
dratic form  qp  ic^  from  whence  Cardan’s 

forms  are  immediately  deduced;  namely  ^ = Vs) 

— zb  and  therefore  <2  or  e d:  = a/i)  -f 

e 

d:  db  \/3)  — \/c^  zb  ; where  he  denotes 

the  cube  or  3d  root  thus  \/^),  but  without  any  vincu- 
lum over  the  compound  quantities. 

■ In  this  fetllon,  Harriot  makes  various  remarks  as  they 
occur : thus  he  remarks,  and  demonllrates,  that  eee  — 
3,  bhe  = —cre 

’—iMh  is  an  impolTible  equation,  or  has  no 
affirmative  root.  He  remarks  alfo  that  the  three  cafes 
of  the  equation  aaa  — '^.hba  ~ z.ccc  are  Amllar  to 
the  three  conic  fedions ; namely  to  the  hyperbola  when 
c '>  bf  to  the  parabola  when  c by  or  to  the  ellipfis 
when  c < by  and  for  which  reafon  this  cafe  is  not  ge- 
nerally refoluble  in  fpecies. 

Having  thus  lliewn  how  to  fimplify  equations,  and 
prepare  them  for  folutlon,  Harriot  enters  next  upon  the 
fecond  part  of  his  work,  being  the 

Exegetice  Numerofay 

or  the  numeral  refolution  of  all  lorts  of  equations  by  a 
general  method,  which  is  exemplified  in  a great  number 
of  equations,  both  fimple  and  affeeded  as  far  as  the  5th 
power  inclufive  ; and  they  are  commonly  prepared,  by 
the  foregoing  parts,  by  freeing  them  from  their  2d  term, 
&c,  1 hefe  extradiions  are  explained  and  performed  in 

a way  different  from  that  of  Vieta;  and  the  examples 
are  firll  in  perfedi  or  terminate  roots,  and  afterwards  for 
irrational  or  interminate  ones,  to  which  Harriot  ap- 
proximates by  adding  always  periods  of  ciphers  to  the 
given  nurnber  or  refolvend,  as  far  as  neceffary  in  deci- 
mals, which  are  continued  and  fet  down  as  fuch,  but 
with  their  proper  denominator  10,  or  100,  or  looo,  &c. 

He  then  concludes  the  work  with 


Canones  DireHorVty 

which  form  a collediion  of  the  cafes  or  theorems  for 
making  the  foregoing  numeral  extradiions,  ready  ar- 
ranged  for  ufe,  under  the  various  forms  of  equations, 
with  the  fadiors  neceffary  to  form  the  feveral  refolveiids 
aTid  fubtrahends. 


And  from  a review  of  the  whole  work,  it  appeart 
that  Harriot’s  inventions,  peculiarities,  and  improve- 
ments in  algebra,  may  be  comprehended  in  the  follow- 
ing particulars. 

ift.  He  introduced  the  uniform  ufe  of  the  fmall  let- 
ters Qy  by  Cy  dy  Scc,  v’lZy  tlic  vowcls  ay  Cy  SiC  for  unknown 
quantities,  and  the  confonants  by  c,  dy  Jy  &c  for  the 
known  ones ; which  he  joins  together  like  the  letters  of 
a word,  to  reprefent  the  multiplication  or  produdi  of 
any  number  of  thefe  literal  quantities,  and  prefixing  the 
numeral  coefficient  as  we  do  at  prefent,  except  only 
feparated  by  a point,  thus. 5. For  a root  he  let  the 
index  of  the  root  after  the  mark  ^/;  as  V^3)  for  the 
cube  root.  He  alfo  introduced  the  charadiers  > and 
for  greater  and  lefs  ; and  in  the  redudfion  of  equations, 
he  arranged  the  operations  in  feparate  fieps  or  lines,  fel- 
ting the  explanations  in  tlie  margin  on  the  left  hand, 
for  each  line.  By  which,  and  other  means,  he  may  be 
confidered  as  the  introducer  of  the  modern  fiate  of  Al- 
gebra, which  quite  changed  its  form  under  his  hands. 

2d.  He  Ihewed  the  univerfal  ofeneration  of  all  the 
compound  or  affedled  equations,  by  the  continual  mul- 
tiplication of  fo  many  fimple  ones,  or  binomial  roots ; 
thereby  plainly  exhibiting  to  the  eye  the  whole  clrcum- 
fiances  of  the  nature,  myltery  and  number  of  the  root* 
of  equations  ; with  the  compofitlon  and  relations  of  the 
coefficients  of  the  terms  ; and  from  which  many  of  thac 
moll  important  properties  have  fince  been  deduced. 

3d.  He  greatly  improved  the  numeral  exegelis,  or 
extradlion  of  the  roots  of  all  equations,  by  clear  and  ex- 
plicit rules  and  methods,  drawn  from  the  foregoing 
generation  or  compofitlon  of  affcdlcd  equations  of  all 
dcgDces. 

OF  oughtred's  clavis. 

Oughtred  was  contemporary'  with  Harriot,  but  lived 
a long  time  after  him.  His  Clavis  was  firff  publlfiied  I» 
1631,  the  fame  y'car  in  which  Harriot’s  Algebra  wa» 
publiffied  by  his  friend  Warner.  In  this  work,  Ough- 
tred chiefly  follow’s  Vieta,  in  the  notation  by  the  capi- 
tals A,  B,  C,  D,  &c,  in  the  defignation  of  produfts, 
powers,  and  roots,  though  with  fome  few  variations. 
His  work  may  be  comprehended  under  the  following 
particulars. 

1.  Notation,  This  extend*  to  both  Algebra  and 
Arithmetic,  vulgar  and  decimal.  The  Algebra  chiefly 
after  the  manner  of  Vieta,  as  abovefaid.  And  he  fepa- 
rates  the  decimals  from  the  integers  thus,  2i|^6,  which 
is  the  firll  time  I have  obferved  fuch  a feparation,  and 
the  decimals  fet  down  without  their  denominator. 

2.  The  common  rules  or  operations  of  Arithmetic 
and  Algebra.  In  algebraic  multiplication,  he  either 
joins  the  letters  together  like  a word,  or  coanecls  them 
by  the  mark  X 1 which  is  the  firft  introduflion  of  this 
chara^ler  of  multiplication  : thus  A X A or  AA  or 
Ay.  But  omitting  the  vinculum  over  compound  fac- 
tors, ufed  by  Vieta.  He  introduces  here  many  neat 
and  ufeful  contra6lions  in  multiplication  and  divifion  of 
decimals  : as  that  common  one  of  inverting  the  multi- 
plier, to  have  fewer  decimals,  and  abridge  the  work ; 
that  of  omitting  always  one  figure  at  a time,  ‘pf  the 
divifor,  for  the  fame  purpofe  ; dividing  by  the  compo- 
nent fadiors  of  a number  inftead  of  the  number  itfelf ; as 
4 and  6 for  24  ; and  many  other  neat  contradlious^  He 
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ftates  his  proportions  thus  7.9::  28.36,  und  denotes 
continued  proportion  thus  ; which  is  the  firfl  time  I 
have  obferved  thefe  charafters. 

3.  Invents  and  defcribes  various  fymbolical  marks  or 
abbreviations,  which  are  not  now  ufed. 

4.  The  g€n^is  and  analyjis  of  powers.  Denotes  powers 
like  Vieta,  and  alfo  roots,  thus  ^5^6,  ^Azo, 

Itc ; and  much  in  his  manner  too  performs  the  numeral 
extradion  of  roots.  He  here  gives  a table  of  the  pow- 
ers of  the  binomial  A + E as  far  as  the  loth  power, 
with  all  their  terms  and  coefficients,  or  unciie  as  he  calls 
them,  after  Vieta, 

^ 5.  Equations.  He  here  gives  exprefs  and  particular 
directions  for  the  feveral  forts  of  reductions,  according 
as  the  form  of  the  equation  may  require.  And  he  lifts 
the  letter  u after  for  imiverfal,  inftead  of  the  vin- 
culum of  Vieta.  And  obferves  that  the  figns  of  all  the 
terms  of  the  powers  of  A + E are  pofitive,  but  thofe 
of  A - E are  alternately  pofitive  and  negative. 

6.  Next  follow  many  properties  of  triangles  and 
other  geometrical  figures  ; and  the  firft  infiance  of  ap- 
plying Algebra  to  Geometry,  fo  as  to  inveftigate  new 
geometrical  properties  ; and  after  the  algebraical  refo- 
Ihtion  of  each  problem,  he  commonly  deduces  and  gives 
a geometrical  conftruClion  adapted  to  it.  He  gives  alfo 
a good  tra61;  on  angular  feClions. 

7.  The  work  concludes  with  the  numeral  refolution 
©r affeCled  equations,  in  which  he  follows  the  manner  of 
Vieta,  but  he  is  more  explicit. 


OF  DESCARTES. 

Defcartes.’s  Geometry  was  firft;  pablifiied  in  1637, 
being  fix  years  after  the  publication  of  Harriot's  Al- 
gebra. That  work  was  rather  an  application  of  Algebra 
to  Geometry,  than  the  fcience  either  of  Algebra  or  Geo- 
metry itfelf,  purely  and  properly  fo  called.  And  yet 
he  made  improvements  in  both.  We  mud  obferve 
however,  that  all  the  properties  of  equations,  &c, 
which  he  fets  down,  are  not  to  be  confidered  as  even 
meant  by  himfelf  for  new  inventions  or  difeoveries ; 
but  as  datements  and  enumerations  of  properties,  before 
known  and  taught  by  other  authors,  which  he  is  about 
to  make  fome  ufe  or  application  of,  and  for  which  rea- 
jfon  it  is  that  he  mentions  thofe  properties. 

Defcartes's  Geometry  confids  of  three  books.  The 
fird  of  thefe  is,  Jye  P roblemattbus , qua  cotiflrui  pojfunty 
adhibendo  tantum  re3as  lineas  ^ circulos,.  He  here  ac- 
commodates or  performs  arithmetical  operations  by 
Geometry,  fuppofing  fome  line  to  reprefent  unity,  and 
then,  by  means  of  proportionals,  fliewing  how  to  mul- 
tiply, divide,  and  extract  roots  by  lines.  He  next  de- 
fcribes the  notation  he  ufes,  but  not  becaufe  it  is  a new 
one,  for  it  Is  the  fame  as  had  been  ufed  by  former  au- 
thors, viz,  a + h for  the  addition  of  a and  4 a b 


for  their  fubtraftibn,  ab  multiplication, 


-r-  divifion,  aa 


©r  fl*  the  fquare  of  a,  its  cube,  &:c  : alfo 

for  the  fquare  root  of  ad  + and  _ 3^  -f-  abb 

for  the  cube  root,  &c.  He  then  obferves,  after  Stife- 
lius,  that  there  mud  be  as  many  equations  as  there  are 
unknown  fines  or  quantities  ; and  that  they  mud  be 
seduced  all  to  one  final  equation,  by  exterminating  all 
the  unknown  letters  except  one  ; when,  the  final  equa- 
tion will  appear  like  thefe,. 


s X)  <5,  or 

X)  — <72:  4-  b"^^  or 

DO  4“  + IPz  — or 

X)  T a%'^  4*  b"^  4* 

Where  he  ufes  x for  =;  or  equality,  fetting  the  highed 
term  or  power  alone  on  one  fide  of  the  equation,  and  ali 
the  other  terms  on  the  other  fide,  with  their  proper 
figns. 

Defcartes  next  defines  plane  problems,  namely,  fuch 
as  can  be  refolved  by  right  lines  and  circles,  deferibed 
on  a plane  fuperficies  ; and  then  the  final  equation  rifes 
only  to  the  2d  power  of  the  unknown  letter.  He  then 
conftrudls  fuch  equations,  viz.  quadratics,  by  the  circle^ 
thus  finding  geometrically  the  root  or  roots,  that  Is,  the 
pofitive  ones.  But  when  the  lines,  by  which  the  roots 
are  determined,  neither  cut  nor  touch,  he  obferves  that 
the  equation  has  then  no  poffible  root,  or  that  the  pro- 
blem Is  impoffible.  He  then  concludes  this  book with 
the  algebraical  folutlon  of  the  celebrated  problem,  be- 
fore treated  of  by  the  antlents,  namely,  to  find  a point, 
or  the  locus  of  all  the  points,  from  whence  a line  being 
drawn  to  meet  any  number  of  given  lines  in  given  an- 
gles, the  product  of  the  fegments  of  fome  of  them  fiiall 
have  a given  ratio  to  that  of  the  red. 

Eib,  2.  De  Natura  Einearum  Curvarutn.  This  is- 
a good  algebraical  treatife  on  curve  lines  in  general,  and 
the  fird  of  the  kind  that  has  been  produced  by  the  mo- 
derns. Here  the  nature  of  the  curve  is  exprefled  by  an 
equation  containing  two  unknown  or  variable  lines,  and 

exy 

others  that  are  known  or  condant,  as  x ry  — 

4-  --  etc.  But,  not  relating  to  pure  Algebra,  the  par- 

ticulars will  be  mod  properly  placed  under  the  article  of 
curve  lines,  and  other  terms  relating  to  them.  Only  one 
difeovery,  among  many  ingenious  applications  of  Alge- 
bra to  Geometry,  may  here  be  parciculaTly  noticed,  as  it 
may  be  confidered  aa  the  fird  dep  towards  the  arithme- 
tic of  infinites;  and  that  is  the  method  of  tangents,  here' 
given,  or,  which  comes  to  the  fame  thing,  of  drawing  a 
line  perpendicular  to  a curve  at  any  point,  which  is  an 
ingenious  application  of  the  general  form  of  an  equation-, 
generated  in  Harriot's  way,  that  has  two  equal  roots,  to 
the  equation  of  the  curve.  Of  which  a- particular  ac- 
count will  be  given  at  the  article  Tangents. 

IJb,  3.  Ee  ConJi.ru3tone  Problem atum  Solidorum^  et 
Sollda  excedentium.  Defcartes  begins  this  book  with  re- 
marks pn  the  nature  and  roots  of  equations,  obferving 
that  they  have  as  many  roots  as  dimenfions,  which  he 
diews,  after  Harriot,  by  multiplying  a certain  number 
of  fimpfe  binomial  equations  together,  as  w — 2 x o, 
and  w — 3 X o,  and  w •—  4 x o,  producing  — gxx. 
"b  26x  — 24  X o.  He  here  remarks  that  equations 
may  fometimes  have  their  roots  faJp^  or  what  we  call 
negative,  which  he  oppofes  to  thofe  that  are  pofitive,  or 
as  ho  calls  them  /rwe,  as  Cardan  had  done  before.  As  a 
natural  dedu<dion  from  the  generation  or  compofition  of 
equations,  by  multiplication,  he  infers  their  refolution, 
or  depreffion,  or  decompofition,  namely,  dividing  them 
by  the  binomial  fadtors  which  were  multiplied  to  pro- 
duce the  equation. : and  he  obferves  that  by  this  opera- 
tion it  is  known  that  this  diviforls  one  of  the  binomial, 
roots,  and  that  there  can  be  no  more  roots  than  dimen- 
fion«j  ©r  than,  thofe  whkU  form  with  the  unknown  letter 

Xy  bino- 
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.V,  binoratals  that  will  exadly  divide  the  equation,  as 
Harriot  had  (hewn  before.  Defcartes  adverts  to  feveral 
other  properties,  molVly  known  before,  which  he  has 
occaiion  to  make  life  of  in  the  progrefs  of  his  work ; 
fiich  as,  that  equations  may  have  as  many  true  roots  as 
tlie  terms  have  changes  of  the  figns  -{-  and  — , and  as 
many  falfe  ones  as  fuccefiions  of  the  fame  figns  ; which 
number  and  nature  of  the  roots  had  before  been  partly 
fhewn  by  Cardan  and  Vieta,  from  the  relation  of  the 
coefficients,  and  their  figns,  and  more  fully  by  Harriot 
in  his  5th  fedfion.  And  hence  Defcartes  infers  the  me- 
thod of  changing  the  true  roots  to  falfe,  and  the  falfe 
to  true,  namely  by  changing  the  figns  of  the  even  terms 
only,  as  Cardan  had  taught  before.  Defcartes  then  ad- 
verts to  other  reduftions  and  tranfmutations  which  had 
been  taught  by  Cardan,  Vieta,  and  Harriot,  fuch  as, 
To  increafe  or  diminifh  the  roots  by  any  quantity  ; To 
take  awn y the  2d  term  : To  alter  the  roots  In  any  pro- 
portion, and  thence  to  free  the  equation  from  fradions 
and  radicals. 

Defcartes  next  remarks  that  the  roots  of  equations, 
whether  true  or  falfe,  may  be  either  real  or  imaginary  j 
as  in  the  equation  — 6.v,v  i^x  — 10  X)  o,  which 
has  only  one  real  root,  namely  2.  The  imaginary  roots 
were  firft  noticed  by  Albert  Girard,  as  before  mentioned. 
He  then  treats  of  the  depreffion  of  a cubic  equation  to 
a quadratic,  or  plane  problem,  that  It  may  be  conftruded 
by  the  circle,  by  dividing  it  by  fome  one  of  the  bino- 
mial fadors,  which,  in  Harriot’s  way,  compofe  the 
equation.  Peletarlus  having  (hewn  that  the  fimple  root 
is  one  of  the  divifors  of  the  known  term  of  the  equation, 
and  Harriot  that  that  term  is  the  continual  produd 
of  all  the  roots,  Defcartes  therefore  tries  all  the  fimple 
divifors  of  that  term,  till  he  finds  one  of  them  which, 
conneded  with  the  unknown  letter  .v,  by  -f  or  — , will 
exadly  divide  the  equation.  And  the  procefs  is  the 
fame  for  higher  powers  tfian  the  cube.  But  when  a 
divifor  cannot  be  thus  found,  for  depreffing  a biquadra- 
tic equation  to  a cubic,  he  gives  another  rule,  which  is 
a new  one,  for  ddfolving  it  Into  two  quadratics,  by 
means  of  a cubic  equation,  in  this  manner  ; 

Let  the  given  biqu.  be 
Which  fuppofe 


equal  to  th 
produd  of 
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where  the  fign  of  in  the  two  quadratfes  mull  be  the 
fame  as  the  figu  of  p in  the  given  equation,  and  in 

the  1 ft:  quadratic  the  fign  of  — muft  be  the  fame  as  the 

the  fign  of  q,  but  in  the  2d  quadratic  the  contrary. 
Then  if  . there  be  found  the  root  of  this  cubic  equa- 


tion y^  . 2py^  -{-  '^^PP yy  — qq 


O, 


where  the  fign  of  ip  is  the  fame  as  of  p fn  the  given  bi- 
tiuadratic,  but  the  fign  of  qr  contrary  to  that  of  r in 
the  fame  : Then  the  value  of  y,  hence  deduced,  being 
fubftituted  for  It  in  the  two  quadratic  equations,  and 
their  two  pairs  of  roots  taken,  they  will  be  the  four  roots 
of  the  propofed  biquadratic.  And  thus  alfo,  he  hints, 
may  equations  of  the  6th  power  be  reduced  to  thofe  of 
the  5th,  and  thofe  of  the.  8th  power  to  thofe  of  the.  ythj. 


and  fo  on,.  Defcartes  does  not  give  the  inveftigation  of 
this  rule  ; but  it  has  evidently  been  done,  by  alfuming 
indeterminate  quantities,  after  the  manner  of  Ferrari 
and  Cardan,  as  coefficients  of  the  terms  of  the  two  qua- 
dratic equations,  and,  after  multiplying  the  two  together, 
determining  their  values  by  comparing  the  rcfulting 
terms  with  thofe  of  the  propofed  biquadratic  equation. 

After  thefe  redu(flions,  which  are  only  mentioned  for 
the  fake  of  the  geometrical  conftru6lions  which  follow, 
by  fimpllfying  and  depreffing  the  equations  as  much^  as 
they  will  admit,  DeCcartes  then  gives  the  conftrudion 
of  folid  and  other  higher  problems,  or  of  cubic  and 
higher  equations,  by  means  of  parabolas  and  circles ; 
where  he  obferves  that  the  falfe  roots  arc  denoted  by  the 
ordinates  to  the  parabola  lying  on  the  contrary  fide  of 
the  axis  to  the  true  roots.  Finally,  thefe  conftruftions 
are  Illuftrated  by  various  problems  concerning  the  tri- 
fefling  of  an  angle,  and  the  finding  of  two  or  four  mean  ' 
proportionals  ; which  concludes  this  ingenious  work. 

From  the  foregoing  analyfis  may  eafily  be  colledlcd ' 
the  real  Inventions  and  improvements  made  in  algebra  by 
Defcartes.  His  work,  as  has  been  obferved  before,  is 
not  algebra  Itfelf,  but  the  application  of  algebra  to  -ge- 
ometry, and  the  algebraical  dodrine  of  curve  lines, 
expreffing  and  explaining  their  nature  by  algebraical 
equations^and  on  the  cont^y,  conftriiding  and  explain- 
ing equations  by  means  of  the  curve  lines.  What  re- 
fpeds  the  geometrical  parts  of  this  trad  we  ffiall  have 
occafion  to  advert  to  elfewhere  ; and  therefore  fliall  here 
only  enumerate  the  circumllances  which  belong  more 
peculiarly  to  th.e  fciencc  of  Algebra,  which  I {hall 
diftinguifh  into  the  two  heads  of  improvements  and 
Inventions.  And 

lil.  Of  his  improvements.  Tlrat  he  might  fit  equa- 
tlousthe  better  for  their  application  In  the  conftrudion 
of  problems,  Defcartes  mentions,  as  it  were  by-the-bye, 
many  things  concerning  the  nature  and  redudion  of 
equations,  without  troubling  himfelf  about  the  firft  in- 
ventors of  them,  Hating  them  in  his  own  terms  and  man- 
ner, which  is  commonly  more  clear  and  explicit,  and 
often  with  Improvements  of  his  own.  And  under  this 
head  we  find  that  he  chiefly  followed  Cardan,  Vieta,  and 
Harriot,  but  efpecially  the  laft,  and  explains  fome  of 
their  rules  and  difeoveries  more  diftindl/,  and  varies 
but  a little  In  the  notation,  putting  the  firft  letters  of 
the  alphabet  for  the  known,  and  the  latter  letters  for  the 
unknown  quantities  ; alfo  foranr;,  &;c;  and  xd  for  =r. 
But  Hcrigone  ufed  the  numeral  exponents  in  the  fame 
manner  two  years  before.  Defcartes  explained  or  im- 
proved moil  parts  of  the  redudions  of  equations,  in 
their  various  tranfmutations,  the  number  and  nature  of 
their  roots,  true  and  falle,  real  and  what  he  calls  ima- 
ginary, called  involved  by  Girard  ; and  the  depreffion 
of  equations  to  lower  decrees. 

2d.  As  to  his  Inventions  and  difeoveries  in  algebra, 
they  may  be  comprehended  in  thefe  particulars,  namely, 
the  application  of  algebra  to  the  geometry  of  curve  lines, 
the  conftruding  equations  of  tlie  higher  orders,  and 
a rule  fur  refolving  biquadratic  eq^uations  by  means  of 
a cubic  and  two  quadratics. 

Having  now  traced  the  fcience  of  Algebra  from  its 
origin  and  rude  ftate,  down  to  its  modern  and  more 
poliffied  form,  in  which  it,  has  ever  fince  continued, 
very  little  variation  j having  analyfed  all  or  meft:  . 
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'of  t\i^  principal  authors,  in  a chronological  order,  and 
deduced  the  inventions  and  improvements  made  by  each 
of  them  ; from  this  time  the  authors  both  become  too 
■numerous,  and  their  improvements  too  inconfiderable, 
to  merit  a detail  in  the  fame  minute  and  circumftantial 
way : and  befides,  tliefe  will  be  better  explained  in  a 
particular  manner  under  the  word  or  article  to  which 
each  of  them  feverally  belongs.  It  may  therefore  now 
fuffice  to  enumerate,  or.  announce  only  in  a curfory  man- 
ner, the  chief  improvements  and  authors  on  algebra 
down  to  the  prefent  time. 

After  the  publication  of  the  Geometiy.of  Defcartes, 
a great  many  other  ingenious  men  followed  the  fame 
courfe,  applying  themfelves  to  algebra  and  the  new 
geometry,  to  the  mutual  improvement  of  them  both ; 
which  was  done  chiefly  by  reafoning  on  the  nature  and 
forms  of  equations,  as  generated  and  compofed  by 
Harriot.  Before  proceeding  upon  thefe  however,  it  is 
but  proper  to  take  notice  here  of  Fermat,  a learned 
and  ingenious  mathematician,  who  was  contempo- 
rary and  a competitor  of  Defcartes  for  his  brlghtefl 
dlfcoverles,  -which  he  was  in  pofTeflion  of  before  the 
geometry  of  Defcartes  appeared.  Namely,  the  appli- 
cation of  algebra  to  curve  lines,  which  he  expreffed  by 
an  algebraical  equation,  and  by  them  conftrufting  equa- 
tions of  the  3d  and  4th  orders  ; alfo  a method  of  tan- 
gents, and  a method  de  maximis  et  minimis,  which 
approach  very  near  to  the  method  of  Fluxions  or  Incre- 
ments, w^hich  they  ftrikingly  refemble  both  in  the  manner 
of  treating  the  problems,  and  in  the  algebraic  notation 
and  procefs.  The  particulars  of  which,  fee  under  their 
proper  heads.  Belldes  thefe,  Fermat  was  deeply  learned 
in  the  Diophantine  problems,  and  the  beft  edition  of 
Diophantus’s  Arithmetic,  is  that  which  contains  the 
notes  of  Fermat  on  that  ingenious  work. 

But  to  return  to  the  fucceflbrs  of  Defcartes.  His 
geometry  having  been  publifhed  in  Holland,  feveral 
learned  and  ingenious  mathematicians  of  that  country, 
prefently  applied  themfelves  to  cultivate  and  Improve  it ; 
»s  Schooten,  Hudde,  Van-Heuraet,  De  Witte,  Slufius, 
Huygens,  &c ; befides  M.  de  Beaune,  and  perhaps 
fome  others  In  France. 

Francis  Schpoten,  profefTor  of  mathematics  in  the 
univerfity  of  Dtyden,  w'as  one  of  the  firft  cultivators  of 
the  new  geometry.  He  tranflated  Defcartes’s  Geome- 
try out  of  French  Into  Latin,  and  publifhed  it  in  1649, 
with  his  commentary  upon  it,  as  alio  Brief  Notes  of  M, 
de  Beaune ; both  of  them  containing  many  Ingenious 
and  ufeful  things.  And  in  1 659  he  gave  a new  edition  of 
the  fame  In  two  volumes,  with  the  addition  of  feveral 
other  ingenious  pieces : as  two  pofthumous  trails  of 
de  Beaune,  the  one  on  the  nature  and  conftitution,  the 
other  on  the  limits  of  equations,  fhewing  how  to  aflign 
the  limits  between  which  are  contained  the  greatefl  and 
lead  roots  of  equations,  extended  and  completed  by 
Erafmus  Bartholine  : two  letters  of  M.  Hudde  on  the 
redu<ftion  of  equations,  and  on  the  maxima  and  mini- 
ma of  quantities,  containing  many  ingenious  rules ; 
among  which  are  fome  concerning  the  drawing  of  tan- 
gents, and  on  the  equal  roots  of  equations,  which  he 
determines  by  multipl)’ing  the  terms  of  the  equation  by 
the  terms  of  any  arithmetical  progreflion,  o being  one 
of  the  terms,  the  equation  is  commonly  deprefTcd  one 
degree  lower : alfo  a tra^  of  Van  Heuract  on  the  rectifi- 


cation of  curve  lines;  the  elements  of  curves  by  De  Witte; 
Schooten’s  principles  of  univerfal  mathematics,  or  intro- 
duction to  Defcartes’s  geomctiy,  which  had  before  been 
publiflied  by  itfelf  in  1651  ; and  to  the  end  of  the  -w^ork  is 
added  a pofthumous  piece  of  SchooteiFs  (for  he  died 
while  the  zd  vol.  was  printing)  intitled  Tratiatus  He 
concmna,nd'is  chmonjlrationibus  gcomeU'icts  ex  calculo  algc^ 
hraico,  Schooten  alfo  publiftied,  in  1657,  ExercitatU 
ones  Mathematic  (Si  in  which  are  contained  many  curious 
algebraical  and  analytical  pieces,  amongft  others  of  a 
geometrical  nature. 

An  elaborate  commentary  on  Defcartes’s  Geometry 
was  alfo  publiflied  by  F,  Rabuel,  a Jefuit ; and,  James 
Bernoulli,  enriched  with  notes,  an  edition  of  the  fame, 
printed  at  Bafil  in  169 — . 

The  celebrated  Huygens  alfo,  among  his  great  dif- 
coveries,  very  much  cultivated  the  algebraical  analyfis : 
and  he  is  often  cited  by  Schooten,  who  relates  divers  in- 
ventions of  his,  while  he  was  his  pupil. 

SlufwSj  a canon  of  Liege,  publifhed  in  Mefvla- 

luntf  feu  du£  media  propor,  per  circulum  fsf  elllps,  vel  hy* 
perb,  injinitis  modis  exhibits ; by  which,  any  folid  pro-^ 
blem  may  be  conftruCled  by  infinite  dlffeient  ways. 
And  In  1668  he  gave  a fecond  edition  of  the  fame,  with 
the  addition  of  the  analyfis,  and  a mlfcellaneous  collec- 
tion of  curious  and  important  problems,  relating  to  fpi- 
rals,  centres  of  gravity,  maxima  and  minima,  points  of 
inflexion,  and  fome  Diophantine  problems ; all  fliewing 
him  deeply  fkllled  in  Algebra  and  Geometry. 

There  have  been  a great  number  of  other  writers  and 
improvers  of  Algebra,  of  which  it  may  fuffice  flightly 
to  mention  the  chief  part,  as  in  the  following  cata- 
logue. 

Peter  Nonius,  or  Nunez,  a Spaniard,  wrote  about  the 
time  of  Cardan,  or  foon  after. 

In  1619  feveral  pieces  of  Van  Collen,  or  Ceulen, 
were  tranflated  out  of  Dutch  into  Latin,  and  publifhed 
at  Leyden  by  W.  Snell ; among  Avhich  are  contained  a 
particular  treatile  on  furds,  and  his  proportion  of  the 
circumference  of  a circle,  to  Its  diameter. 

In  1621  Bachet  publifhed,  in  Greek  and  Latin,  an 
edition  of  DIophantiis,  with  many  notes.  And  another 
edition  of  the  fame  was  publifhed  in  1670,  with  additions 
by  Fermat. 

In  1624  Bachet’s  Prohlemes  Plaifans  et  DeleBableSf 
being  curious  problems  In  mathematical  recreations. 

In  1634  Herigone  publifhed,  at  Paris,  the  firft  courfe 
of  mathematics,  in  ^ vols.  8vo ; in  the  2d  of  which  is 
contained  a good  treatife  on  Algebra ; in  which  he  iifes 
the  notation  by  fmall  letters,  introduced  by  the  Algebra 
of  Harriot,  which  was  publifhed  three  years  before, 
though  the  reft  of  it  does  not  refemble  that  work,  and 
one  would  fufpe<SI  that  Herigone  had  not  feen  it.  The 
whole  of  this  piece  bears  evident  marks  of  originality 
and  ingenuity.  Befides  -J-  for  phs^  he  ufes  for 
minuSi  and  j for  equality ^ with  feveral  other  ufeful  abbre- 
vations  and  marks  of  his  own.  In  the  notation  of  powers, 
he  does  not  repeat  the  letters  like  Harriot,  but  lubjoins 
the  numeral  exponents,  to  the  letter,  as  Defcartes  did 
two  years  afterwards.  And  Herigone  ufes  the  fame  nu- 
meral exponents  for  roots,  as  v'3  for  the  cube  root. 

In  1635  Cavalerlus  publifhed  his  Indivifibles  ; which 
proved  a new  aera  In  analytics,  and  gave  rife  to  other 
new  modes  of  computation  in  analytics. 

About 
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About  1640,  ct  feq,  Roberval  made  feveral  no- 
table improvements  in  analytics,  which  are  publifhed 
in  the  early  volumes  of  the  Memoirs  of  the  Academy 
of  Sciences;  as,  i.  A tra6l  on  the  compofition  of  mo- 
tion, and  a method  of  tangents.  2,  De  recognitione 
aqiiat'ioTiutn,  De  geometric  a planarum  isf  cubkarum 
aqnatiomnn  refolutionc,  4,  Atreatifeon  indivifibles,  &c. 

In  1643  De  Billy  publilhed  Nova  Geomefria  Clavis 
Algebra*  And  in  i6‘]0 Diophantus  Redivlvus.  He  was  an 
author  particularly  well  drilled  in  Diophantine  problems. 

In  1644  Renaldinc  publiflied,  in  410,  Opus  Algehrai- 
cumy  both  ancient  and  modern,  with  mathematical  rc- 
folutlon  and  compofition.  And  in  1665,  in  folio,  the 
fame,  greatly  enlarged,  or  rather  a new  work,  which  is 
very  heavy  and  tedious.  In  this  work  Renaldine  afes  the 
parenthefes  («*  -|-  h'^)  as  a vinculum,  inftead  of  the  line 

over,  as  4-  b'^. 

In  1635  was  publilhed  Wallis’s  Arithmetka  Injiriito- 
rumj  being  a nev.'  method  of  reafoning  on  quantities,  or  a 
great  improvement  on  the  Indivifibles  of  Cavalerius,  and 
which  in  a great  meafiire  led  the  way  to  infinite  feries, 
the  binomial  theorem,  and  the  method  of  fluxions.  Wal- 
lis here  treats  ingenioidly  of  quadratures  and  many  other 
problems,  and  gives  the  firft  exprefiion  for  the  quadra- 
ture of  the  circle  by  an  infinite  feries.  Another  feries 
is  here  added  for  the  fame  purpofe,  by  the  Lord 
Brouncker. 

In  1659  was  publilhed  Algebra  Rhonii  Germania ; 
which  was  in  1668,  tranllated  into  Englllhby  Mr.  Tho- 
mas Brancker,  with  additions  and  alterations  by  Dr. 
John  Pell. 

In  1661.  was  publilhed  In  Dutch,  a neat  piece  of  Al- 
gebra by  Mr.  Kinckhuyfen ; which  Sir  I.  Newton, 
while  he  was  profelTor  of  mathematics  at  Cambridge, 
made  ufe  of  and  improved,  and  he  meant  to  republilh  it* 
with  the  addition  of  his  method  of  fluxions  and  infinite 
feries ; but  he  was  prevented  by  the  accidental  burning  of 
fome  of  his  papers. 

In  1665  or  1666  Sir  Tfaac  Newton  made  feveral  of 
hisbrighteft  difeoveties,  though  they  were  not  publilhed 
till  afterwards : fuch  as  the  binomial  theorem  ; the 
method  of  fluxions  and  infinite  feries  ; the  quadrature, 
re£fificatIon,  &c  of  curves ; to  find  the  roots  of  all 
forts  of  equations,  both  numeral  and  literal,  in  infi- 
nite converging  feries ; the  reverfion  of  feries,  &c.  Of 
each  of  which  a particular  account  may  be  feen  in  their 
proper  articles. 

In  1666  M.  Frenicle  gave  feveral  curious  trafts  con- 
cerning combinations,  magic  fquares,  triangular  num- 
bers, &c  ; which  were  printed  in  the  early  volumes  of 
Memoirs  of  the  Academy  of  Sciences. 

In  1668  Thomas  Brancker  publilhed  a tranflation  of 
Rhonlus’s  Algebra,  wdth  many  additions  by  Dr.  John 
Pell,  who  ufed  a peculiar  method  of  regiftcring  the 
’ fteps  in  any  algebraical  procefs,  by  means  of  marks  and 
abbreviations  in  a fmall  column  drawn  down  the  mar- 
gin, by  which  each  line,  or  ftep,  is  clearly  explained, 
as  w'as  before  done  by  Harriot  in  words  at  length. 

In  1 668  Mercator  publilhed  his  Lognrithmotechntay 
or  method  of  conftru^Ing  logarithms ; in  v/hich  he 
gives  the  quadrature  of  the  hyperbola,  by  means  of 
an  infinite  feries  of  algebraical  terms,  found  by  dividing 
a fimple  algebraic  quantity  by  a compound  one,  and 
for  the  firll  time  that  this  operation  was  given  to  the 


public,  though  Newton  had  before  that  expanded  all  fort8 
of  compound  algebraical  quantities  into  infinite  feries. 

In  the  fame  year  was  publilhed  James  Gregory’s  Ex~ 
ercitationes  Geometricaj  containing,  among  other  things, 
a demonftration  of  Mercator’s  quadrature  of  the  hy- 
perbola, by  the  fame  feries. 

And  in  the  fame  yearv/as  publlllied,  in  the  Phllofo- 
phical  Tranfa6lIons,  Lord  Brouncker’s  quadrature  of 
the  hyperbola  by  another  infinite  feries  of  fimple  rational 
terms,  which  he  had  been  In  pofleffion  of  fince  the  year 
165:7,  w'hen  It  vvas  announced  to  the  public  by  Dr. 
Wallis.  Lord  Brouncker’s  feries  for  the  quadrature  of 
the  circle,  had  been  publlllied  by  Wallis  in  his  Arithmetic 
of  Infinites. 

In  1669  Dr.  Ifaac  Barrow  publilhed  his  Optical  and 
Geometrical  Lectures,  abounding  with  profound  rc- 
fcarches  on  the  dimenfionsand  properties  of  curve  lines; 
but  particularly  to  be  noticed  here  for  his  method  of 
tangents,  by  a mode  of  calculation  fimilar  to  that  of 
Fluxions,  or  Increments,  from  which  thefe  difl'er  but 
little,  except  in  the  notation. 

In  1673  W’as  publilhed,  In  2 vols.  folio,  Elements  of  Al- 
gebra, by  John  Kerfey  ; a very  ample  and  complete  w’ork, 
in  w’hicK  Diophantus’s  problems  are  fully  explained. 

In  1675  were  publiflied  Nouveaux  Llemens  des  Ma- 
thematlques,  par  J.  Preflet,  pretre  : a prolix  and  tediout 
work,  which  he  prefumptuoufly  dedicated  to  God  Al- 
mighty. 

About  1677  Leibnitz  difeovered  his  D^r- 

rentialisy  or  elfe  made  a variation  in  Newton’s  Fluxions, 
or  an  extenfion  of  Barrow’s  method,  for  it  is  not  certain 
which.  He  gave  the  firll  intlance  of  it  in  the  Leipfic 
A6ls  for  the  year  1684.  He  alfo  improved  Infinite  fe- 
ries, and  gave  a fimple  one  for  the  quadrature  ol  the  cir- 
cle, in  the  fame  a6ls  for  1682. 

In  1682  Ifmael  Bulliald  publifl^edy  in  folm,  his  Opur 
Novum  ad  Arithmeticam  Infinitorum,  being  a large  am- 
plification of  Wallis’s  Arithmetic  of  Infinites, 

In  1683  Tfehirnaufen  gave  a memoir,  in  the  Leipfic 
A(fls,  conceruiiig  the  extradlion  of  the  roots  of  all  equa- 
tions in  a general  way;  in  which  he  promifed  too  much, 
a»  the  method  did  not  fucceed. 

In  1684  came  out,  in  Englilh  and  Latin,  4to,  Tlio- 
mas  Baker’s  Geometrical  Key,  or  Gate  of  Equations  Un- 
JocEd ; being  an  improvement  of  Defcartes’s  ccnftruc- 
tion  of  all  equations  under  the  5th  degree,  by  means 
of  a circle  and  only  one  and  the  fame  parabola  for  all 
equations,  ufing  any  diameter  inllead  of  the  axis  of  the 
parabola. 

In  1685  was  publilhed,  in  folio,  Wallis’s  T'rcatife  of 
Algebra,  both  Hi/lortcal and  Pra^ical,  with  the  addition 
of  feveral  other  pieces  ; Ihew’ing  the  origin,  progrefs, 
and  advancement  of  that  fciencc,  from  time  to  time.  It 
cannot  be  denied  that,  in  this  w'ork,  Wallis  has  Ihew’m 
too  much  partiality  to  the  Algebra  of  Harriot.  Yet, 
on  the  other  hand,  it  is  as  true,  that  M.  de  Gua,  in  his 
account  of  it,  in  the  Memoirs  of  the  Academy  of  Sci- 
ences for  1741,  has  run  at  leaft  as  far  into  the  fame 
extreme  on  the  contrary  fide,  with  refpedl  to  the  dlf- 
coveries  of  Vieta  ; and  both  thefe  I believe  from  the 
fame  caufc,  namely,  the  w^ant  of  examining  the  works 
of  all  former  writers  on  Algebra,  and  fpecifying  their 
feveral  difcovcries  j as  has  been  done  in  the  courfe  of 
this  article, 
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Tn  16S7  Dr.  Halley  gave,  in  the  Phiiof.  Tianf.  the, 
conllruftion  of  cubic  and  biquadratic  equations,  by  a 
parabola  and  circle  ; with  improvements  on  what  hati 
been  done  by  Defcaites,  Baker,  &:c.  Alfo,  in  the 
fame  TranfaClions,  a memoir  on  the  number  of  the  roots 
of  equations,  with  their  limits  and  figns.  . r 

In  1690  was  publiflied,  in  4to,  by  M’.  Rolle,  TrqUi' 
d^Algelre;  in  1699  Une  Methode  pom'  la  Refolution  des , 
Problemes  indeterminis  ; and  in  1704  Memoires  fur  Pin- 
verfe  des  tangents  ; and  other  pieces. 

In  1690  Jofeph  Raphfon  publlfiied  Analyfs  JEqiia^ 
tlonum  Univerfalis  ; being  a general  method  of  approx- 
imating to  the.  roots  of  equations  in  numbers.  And  in 
1715  he  publiflied  the  Hi/lcry  of  FluAoriSf  both  in 
Eiiglifh  and  Latin. 

Ill  1 690  was  alfo  publiflied,  in  4 vols  4to,  Dechale’s 
Curfis  feu  niundus  mathemaiicus  ; in  which  is  a piece  of 
algebra,  of  a very  old-fafliioned  fort,  confidering  the 
time  when  it  was  written. 

About  1692,  and  at  different  times  afterwards,  De 
Lagny  publifhed  many  pieces  on,  the  refoliition  of  equa- 
tions in  numbers,  with  many  theorems  and  rules  for 
that  purpofe. 

In  1693  was  publifhed,  in  a neat  little  volume,  Synop- 
Jis  Algehraica^  opus pofhumum  jobannis  Alexandri, 

111  1694,  Dr.  Halley  gave,  in  the  Phiiof.  Tranf.  an. 
ingenious  trade  on  the  numeral  extradlion  of  all  roots, 
without  any  previous  redudtlon.  And  this  tradl  is  alfo 
added  to  fome  editions  of  Newton’s  Uulverfal  Arith- 
metic. 

In  1695  Mr.  John  Ward,  of  Chefter,  publifhed,  in 
Svo,  A Compendium  of  Alg^braj  containing  plain,  eafy, 
and  concife  rules,  with  examples  in  an  eafy  and  clear 
way.  And  in  1706  he  publifhed  the  firft  edition  of  his 
Toung  MalhematielaF s Giiidcy  or  a plain  and  eafy  in- 
trodudfion  to  the  mathematics^  a book  which  Is  lllll 
in  great  requert,  efpecially  with  beginners,  and  which 
has  been  ever  fince  the  ordinary  introdudlion  of  the  great- 
ell  part  of  the  mathematicians  of  this  country. 

In  1696  the  Marquis  de  PHopItal  publifhed  his  Atia- 
lyfe  des  injintment  petit s>  And  gave  feveral  papers  to  the 
Leip'fic  Adis  and  the  Memoires  of  the  Academy  of  Sci- 
ences. He  left  behind  him  alfo  an  ingenious  treatife, 
-which  was  publiflied  In  1707,  intifled  fraiie  analytiqiie 
des  Sedlpns  Coniques^  et  de  la  confrudlion  des  lieux  geo- 
metriques,  . 

In  1697,  and  feveral  other  years,  Mr.  Ah,  Demoivre 
gave  various  papers,  in  the  Phiiof.  Tranf.  containliig 
improvements  in  Algebra:  viz.  in  1697,  A method  of 
railing  an  Infinite  multinomial  to  any  power,  or  extradf- 
ing  any  root  of  the  fame.  In  1698,  The  extradfion  of 
the  root  of  an  infinite  equation.  In  1707.,  Analytical 
folutlon  of  certain  equations  of  the  3d,  5th,  7ch,  &c  de- 
-gree.  In  1722,  Of  algebraic  fradllons  and  recurring 
feries.  In  1738,  The  redudlion  of  radicals  into  more 
limple  forms.  Alfo  in  1730,  he  publifhed  Mifcellanea 
analytica  deferiehus  iff  quadraturis ^ containing  great  im- 
provements in  feries,  &c. 

In  169  , Mr.  Richard  Sault  publiflied,  in  4to,  A 
Nefw  Treatife  of  Algebra,  apply"* d to  numeral  qtiejlions  and 
geometry.  With  a converging  feries  for  all  manner  of 
Adfebied  Equations,  The  feries  here  alluded  to,  is  Mr. 
Raphfon’s  method  of  approximation,  which  had  bee.n 
lately  publifhed.., 


In  ^699  Hyac.  Chrlflopher  publifhed  at  Naples,  in 
qto,  De  confniBlone  aquationum. 

In  1702  was  publifhed  Ozanam’s  Algebra;  which  is 
chiefly  remarkable  for  the  Diopliantine  analyfis.  He  had 
publiflied  his  mathematical  didlionary  in  1691,  and  in 
1693  his  conrfe  of  mathematics.  In  5 vols  8vo,  contain- 
ing ^alfo  a piece  of  algebra. 

Jn  1704,  Dr.  John  Harris  publifhed  his  I ..exicon 
Technicum,  the  firft  didlionary  of  arts  and  fciences  : a 
very  plain . and  ufeful  book,  efpecially  in  the  mathema- 
tical articles.  And  in  1705  a neat  little  piece  on  alge- 
bra and  fluxions. 

In  1705  M.  Guifnee  publiflied,  in  4to,  Application 
de  Palgebre  a la  geometric ; a ufeful  book. 

In  1706  Mr.  William  Jones  publiflied  his  Synopfs 
Palmariormn  Mathefeos,.  or  a new  introdudfion  to  the 
mathematics  : a very  ufeful  compendium  in  the  mathe- 
matical fciencea.  And  in  17  ii  he  publiflied,  in  410,  a 
collection  of  Sir  Ifaac  Newton’s  papers,  intitled  Ana- 
lyfis per  quautitatuni  feries,  Jluxiones,  ac  differentias  : cum 
eniimeratione  linearum  tertii  ordirds. 

In  1707  was  publifhed  by  Mr.WhIfton,  the  firft  edition 
of  Sir  Ifaac  Newton’s  Arithmetica  U rirverfalis five  de  com- 
pofilione  et  refolutione  arithmetica  liber  : arid  many  editions 
have  been  publifhed  fince.  This  work  was  the  text  book 
ufed  by  our  great  author  in  his  ledfures,  while  he  was 
profeifor  of  mathematics  in  the  univerfity  of  Cambridge. 
And  although  It  was  never  intended  for  publication,  it 
contains  many  andgi'eat  improvements  in  anrdytics;  par- 
ticularly In  the  nature  and  tranfmutation  of  equations  ; 
the  limits  of  the  roots  of  equations';  the  number  of 
impoflible  roots ; the  invention  of  divifors,  both  furd 
and  rational ; the  refolution'  of  problems,  arithmetical 
and  geometrical ; the  linear  conftrudfion  of  equations  ; 
approximating  to  the  roots  of  all  equations,  &c.  To 
the  later  editions  of  the  book  is  commonly  fubjoined 
Dr.  Halley’s  method  of  finding  the  foots  of  equations. 
As  the  principal  parts  of  this  work  are  not  adapted  to 
the  circumftance  of  beginners,  there  have  been  publifhed' 
commentaries  upon  it  by  feveral  perfons,  as  s’Grave- 
fande,  Gaftilioii,  Wilder,  &c. 

■ fri  1708  M.  Reyneau  publifhed  his 
in  2 vols  4to.  And  in  1714  ha  Science  du  Calcul,  lAc, 

In  1709  was  publifhed  an  Englifli  tranflation  of  Alex- 
ander’s algebra,  With  an  ingenious  appendix  by  Hum- 
phry Ditton.  ’■ 

In  1715  Dr.  Brooke  Taylor  publifhed  his  Methodus 
Incrementorum  : an  ingenious  and  learned  work.  And 
in  the  Phiiof.  Tranf.  for  1718,  An  improvement  of  the 
method  of  approximating  to  the  roots  of  equations  in 
numbers. 

In  1717  M.  Nicole  gave,  in  the  memoirs  of  the  aca- 
demy of  fciences,  a traCt  on  the  calculation  of  finite 
differences,  . And  in  feveral  following  years,  lie  gave 
various  other  traCls  on  the  fame  fubjeCf,  and  on  tlie  re- 
folution of  equations  of  the  3d  degree,  and  particularly 
on  the  in'educible  cafe  in  cubic  equations. 

Alfo  in  1717  was  publifhed  a treatife  on  Algebra  by 
Philip  Ronayne. 

Alfo  in  1717  Mr.  James  Sterling  publifhed  Linex  tertii 
Ordtnis  ; an  ingenious  work,  containing  good  improve- 
ments in  analytics.  Alfo.  in  1730  Methodus  Differenti- 
alts  : five  traBatus  de  fummatione  et  interpolatione  ferierum 
arum  : with  great  improvemeats  on  infinite  feries. 
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In  1726'and  1729  Maclaiirin  gave,  In  the  Philof, 
Tranf.  tracts  on  the  imaginary  roots  of  equations. 
And  afterwards  was  publifhed,  from  his  pofthumous 
papers,  his  treatife  on  Algebra,  witli  its  application 
to  curve  lines. 

In  1727  came  out  s’Gravefande’s  Algebra,  with  a 
fpecimen  of  a commentary  on  Newton’s  univerfal 
arithmetic. 

In  1*728  Mr.  Campbell  gave-  in  the  Philof.  Tranf. 
an  ingenious  paper  on  the  number  of  impoflible  roots  of 
equations. 

In  1732  »was  publifhed  Wolfius’s  Algebra,  in  his 
courfe  of  mathematics,  in  5 vols,  410. 

In  1735  Mr.  John  Kirkby  publifhed  his  arithmetic 
and  algebra.  And  in  1748  his  do6lrine,of  ultimaters. 

' In  1740  were  publiflted  Mr.  Thomas  Simpfon’s  Ef- 
fays  ; in  i 743  his  Differtations,  and  in  1757  his  Ti*a6ts; 
in  all  which  are  contained  feveral  improvements  in  feries 
and  other  parts  of  Algebra.  As  alfo  in  his  algebra,  firll 
printed  in  1745,  and  in  his  Seledt  Exerclfes,  in  1752. 

Alfo  in  1740  was  publiflted  profeffor  Saundeifon’s 
Elements  of  Algebra,  in  2 vols.  4to. 

In  1741  de  la  Caille  publiflied  lepns  de  maihema- 
tlques  ; ou  etemeris  (Valgebre  ^ de  geomctrie, 

Alfo  in  174T,  in  the  memoirs  of  the  academy  of  fci- 
cnces,  were  given  two  articles  by  M.  de  Gua,  on  the 
number  of  pcfitive,  ■ negative,  and  imaginary  roots  of 
equations.  With  an  hiftorical  account  of  the  improve- 
ments in  Algebra;  in  which  he  feverely  cenfures  "Wal- 
lis for  his  partiality  ; a circiimftance  in  which  he  hirafelf 
is  not  lefs  faulty. 

In  1746  M.  Clairaut  publifhed  his  Elcmens  d’algebre, 
in  which  are  contained  feveral  improvements,  efpecially 
on  the  irreducible  cafe  in  cubic  equations.  Ke  has  alfo 
feveral  good  papers  on  different  parts  of  analytics,  in 
the  memoirs  of  the  academy  of  fcienccs. 

y 

In  1747  M*  Fontaine  gave,  in  the  memoirs  of  the 
academy  of  fciences,  a paper  on  the  refolution  of  equa- 
tions. Befides  fome  analytical!  papers  in  the  memoirs  of 
other  years. 

In  1761  M.  Caflilllon  puhlifhed,  in  2 vols  4to,  New- 
ton’s univerfal  anthm.etic,  with  a large  commentary. 

In  1763  Mr.  Emerfon  publiflted  his  Increments.  In 
1764  his  Algebra,  &c. 

In  1764  Mr.  Landen  publifhed  his  Ref  dual  Analyfis. 
In  176;;  his  Mathematical  Lucubrations.  And  in  1780 
his  Mathematical  Memoirs.  All  containing  good  im- 
provements in  infinite  feries,  &c. 

In  1770  was  publiflted,  in  the  German  language,  Ele- 
ments of  Algebra  by  M.  Euler.  And  in  1774  a French 
tranflation  of  the’ fam.e.  The  memoirs  of  the  Berlin  and 
Peterflnirgh  academies  alfo  abound  with  various  im- 
provements on  feries  and  other  branches  of  analyfis  by 
this  great  man. 

In  1775  was  publiflted  at  Bologna,  in  2 vols  qto, 
Compendio  dWlnaltJi  d'l  Girolamo  Salad  ini. 

befides  the  foregoing,  there  have  been  many  other 
authors  who  have  given  treatifes  on  Algebra,  or  who 
have  made  improvements  on  feries  and  other  parts  of 
Algebra  ; as  Schonerus,  Coignet,  Salignac,  Lnloubere, 
Hemifehius,  Degraave,  Mefclier,  Henifehius,  Roherval, 
the  Bernoullis,  Malbranche,  Agnefi,  ^VAdls,  Dodfon, 
Manfredi,  Regnault,  Rowning,  Maferts,  Waring,  Lorg- 
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na,  de  la  Grange,  de  la  Place,  Bertrand,  Ivuhnius* 
Hales,  and  many  others. 

Algebra,  numeral^  is  that  which  is  chiefly  con- 
cerned in  the  folution  of  numeral  problems,  and  in  which 
all  the  given  quantities  are  expreffed  by  numbers  only. 
As  ufed  by  the  more  early  authors,  Diophantus,  Baciolus, 
Stifelius,  &c. 

Algebra,  Jpecious^  or  literal,  is  that  commonly  ufed 
by  the  moderns,  in  which  all  the  quantities,  both  known 
and  unknown,  are  reprefented  or  expreffed  by  fpecies  or 
general  characlers,  as  the  letters  of  the  alphabet,  &c  ; 
in  confeqnence  of  which  general  defignation,  all  the 
conclufions  become  univerfal  theorems  for  performing 
every  operation  of  the  like  kind.  There,  are  fpecimens 
of  this  method  from  Cardan  and  others  about  his  time, 
hut  it  was  more  generally  employed  and  introduced  by 
Vieta. 

- Algebraical,  fometbing  relating  to  algebra. 

Thus  we  fay  algebraical  folutions,  curves,  charadler* 
or  fymbols,  &c. 

Algebraical  Curve,  is  a curve  in  wlilch  the  gene- 
ral relation  between  the  abfeiffes  and  ordinates  can  be 
expreffed  by  a common  algebraical  equation. 

1 hefe  are  alfo  called  geometrical  lines  or  curves,  in  con- 
tradiflinclion  to  mechanical  oy  tranfeendenta! on^s. 
ALGEBRAIST,  a perfon  fltilled  in  algebra, 
ALGENEB,  or  Algenib,  a fixed  ft ar  of  the  fecond 
magnitude,  on  the  right  fide  of  Perfeus. 

ALGOL,  or  Medufah s Head,  a fixed  ftar  of  the  third 
magnitude,  in  the  confttllation  Perfeus. 

ALGORAB,  a fixed  ftar  of  the  third  magnitude,  in 
the  right  wing  of  the  conftellation  Corviis. 

ALGORISM,  or  Algorithm,  is  fimilar  to  logif- 
tics,  lignifying  the  art  of  computing  in  any  particular 
way,  or  about  fome  particular  fubjed  ; or  tlie  common 
rules  of  computing  in  any  art.  As  \\\t  algorithm  of  num- 
bers, of  algebra,  of  integers,  of  fradions,  of  furds,  &c  ; 
meaning  the  common  rules  for  performing  the  operations 
of  arithmetic,  or  algebra,  or  fractions,  2cc. 

AIjHAz^EN,  Allacfn,  or  Abdilazl^m,  was  a 
Icai ned  /Liabian,  who  lived  in  Spam  about  tlie  vear 
1 100,  according  to  his  editor  Rifner,  and  Weidler. 
He  wrote  upon  Aftrology  ; and  his  work  upon  Op- 
tics was  printed,  in  Latin,  at  Bafil,  in  1572,  under 
the  title  of  Cpticcc  “d hejaurus , by  Rifner.  Alhazen 
was  the  lirft  who  jhewed  the  importance  of  reflations 
in  aftronomy,  fo  little  known  to  tlie  ancients.  He  is  alfo 
the  lirft  author  wno  has  ti’cated  on  the  twilight,  upon 
which  he  wrote  a work,  in  which  he  alfo  fpcaks  of  the 
height  of  the  clouds. 


AJ.IDAuE,  .an  Arabic  name  for  the  label,  index, 
O)  1 iilcr,  Inch  is  inoveahlc  aOiuit  the  centre  of  an 
aftrolabe,  quadrant,  &e,  and  carrying  tlic  fights  or  te* 
lelcope,  and  by  win’ch  are  ftiewn  tile  thn-rees  cut  off 
the  hmb  or  a-ch  of  the  iiiftrument. 

^ALIQIIAN  r part,  is  tliat  part  which  will  nor  ex- 
actly mtciitiie  ot  i.iy’de  the  whoic,  wiiluout  leaving  fome 
remainder.  Or  the  aliquant  ywn  is  fuch,  as  being  taken 
or  repeated  any  number  of  times,  docs  not  makeup  the 
whole  exadtiy,  but  is  either  gixciter  or  lefs  than  it. 
Thus  4 is  an  aliquant  pait  of  10  ; for  4 twice  taken 
makes  8 winch  is  lefs  than  10,  and  three  times  taken 
makes  12  wliich  is  greater  than  10. 

, aliquot 


\ 


ALL 


A L I 


r 98  ] 


ALIQUOT  pari^  is  fiich  a part  of  any  whole,  as 
will  exadtiy  meafure’lt  without  any  remainder.  Or  the 
aliquot  part  is  fuch,  as  being  taken  or  repeated  a certain 
number  of  times,  exadtly  makes  up,  or  is  equal  to  the 
whole.  So  I is  an  aliquot  part  of  6,  or  of  any  other  whole 
number;  2 is.  alfo  an  aliquot  part  of  6,  being  contained 
juft  3 times  in  6 ; and  3 is  alfo  an  aliquot  part  of  6,  be- 
ing  contained  juft  2 times : fo  that  all  the  aliquot  parts 
of  6 are  1,  2,  3. 

All  the  aliquot  parts  of  any  number  may  be  thus  found : 
Divide  the  given  number  by  its  leail  divifor;  then  di- 
vide the  quotient  alfo  by  its  leaft  divifor;  and  fo  on  al- 
ways dividing  the  laft  quotient  by  its  leaft  divifor,  till 
the  quotient  i ds  obtained  ; and  all  the  divifors,  thus 
taken,  are  the  prime  aliquot  parts  of  the  given  number. 
Then  multiply  continually  together  thefe  prime  divifors, 
viz.  every  two  of  them,  every  three  of  them,  every  four 
of  them,  &c  ; and  the  produAs  will  be  the  other  or  com- 
pound aliquot  parts  of  the  given  number.  So  if  the 
aliquot  parts  of  60  be  required;  firft  divide  it  by  2,  and 
the  quotient  is  30:  then  30  divided  by  2 alfo,  gives  15, 
and  15  divided  by  3 gives  5,  and  5 divided  by  5 gives  i : 
fo  that  all  the  prime  divifors  or  aliquot  parts  are  i,  2,  2, 
3,  5.  Then  the  compound  ones,  by  multiplying  every 
two,  are  4,  6,  10,  13;  and  eyery  three  10,  20,  30.  So 
that  all  the  aliquot  parts  of  the  given  number  60,  are  i, 
2,  3,  4,  5,  6,  10,  12,  15,  20,  30. — In  like  manner  it 
will  be  found  that  all  the  aliquot  parts  of  360  are  i,  2^ 
3»  4»  5>  9»  10,  12,  15,  18,  20,  24,  30,  36,  40, 

45,  60, 

ALLEN  (Thomas)  a celebrated  mathematician  of 
the  1 6th  century.  He  was  born  at  Uttoxeter  in  Staf- 
fordlhire,  in  1542;  was  admitted  a fcholar  of  Trinity 
college,  Oxford,  in  1361 ; where  he  took  his  degree  of 
mafter  of  arts  in  1567.  In  1370  he  quitted  his  college 
and  fcllowfhip,  and  retired  to  Glocefter  hall,  where  he 
ftudied  very  clofely,  and  became  famous  for  his  know- 
ledge in  antiquity,  philofophy  and  mathematics.  He 
received  an  invitation  from  Henry  earl  of  Northumber- 
land,  a great  friend  and  patron  of  the  mathematicians, 
and  he  fpent  fome  time  at  the  earl’s  houfe;  where  lie  be- 
came acquainted  with  thofe  celebrated  mathematicians 
Thomas  Harriot,  John  Dee,  V/alter  Warner,  and  Na- 
thaniel Torporley,  Robert  earl  of  Leicefter,  too,  had 
a great  efteem  for  Allen,  and  would  have  conferred  a 
bilhopric  upon  him  ; but  his  love  for  folitude  and  re- 
tirement made  him  decline  the  offer.  His  great  fleill  in 
the  mathematics  gave  occafion  to  the  ignorant  and  vul- 
gar to  look  upon  him  as  a magician  or  conjurer.  Allen 
was  very  curious  and  indefatigable  in  collecting  fcattered 
mannferipts  relating  to  hiftory,  antiquity,  aftronomy, 
philofophy,  and  mathematics : which  colledtions  have 
been  quoted  by  feveral  learned  authors,  and  mentioned 
as  in  the  Bibliotheca  Alleniana.  He  publiflied  in  Latin 
the  fecond  and  third  books  of  Ptolemy,  Concerning  the 
Pfudgmeni  of  the  Stars,  or,  as  it  is  ufually  called,  of  the 
quadripartite  conJiruStion,  with  au  expofition.  He  wrote 
alfo  notes  on  many  of  Lilly’s  books,  and  fome  on  John 
Bale’s  work,  De  feriptoribus  Maj,  Britannia,  He  died 
. at  Glocefter  hall  in  1632,  being  90  years  of  age. 

Mr.  Burton,  the  author  of  his  funeral  oration,  calls 
him  the  very  foul  and  fun  of  all  the  mathematicians  of  his 
age.  And  Selden  mentions  him  as  a perfon  of  the  moft 
cxtenfive  iearaingand  confummate  judgment,  the  bright- 


eft  ornament,  of  the  univerfity  of  Oxford.  Alfo  Camden 
fays  he  was  flvilled  in  moft  of  the  beft  arts  and  fclencts. 
A.  Wood  has  alfo  tranferibed  part  of  his  charadler  from 
a manufeript  in  the  library  of  Trinity  college,  in  thefe 
words:  ‘‘He  ftudied  polite  literature  with  great  appli- 
cation ; he  was  ftridlly  tenacious  of  academic  difcipline, 
always  highly  efteemed  both  by  foreigners  and  thofe  of 
the  univerfity,  and  by  all  of  the  higheft  ftations  in  the 
church  of  England,  and  the  univerfity  of  Oxford.  He 
was  a fagacious  obferver,  an  agreeable  companion,  &c.’* 

ALLIGATION,  one  of  the  rules  in  arithmetic,  by 
wdiich  are  refolved  queftions  which  relate  to  the  com- 
pounding or  mixing  together  of  divers  fimples  or  ingre- 
dients, being  fo  called  from  alligare,  to  tie  or  connedt 
together,  piobably  from  certain  vincula,  or  crooked  H- 
gatures,  commonly  ufed  to  connedi  ot  bind  the  numbers 
together. 

It  is  probable  that  this  rule  came  to  us  from  the 
Moorifli  or  Arabic  writers,  as  we  find  it,  with  ail  the 
other  rules  of  arithmetic,  in  Lucas  de  Burgo,  and  the 
other  early  authors  in  Europe, 

Alligation  is  of  two  kinds,  medial  2ccl^  alternate* 

Alligation  medial  is  the  method  of  finding  the 
rate  or  quality  of  the  corapofition,  from  having  given 
the  rates  and  quantities  of  the  fimples  or  ingredients. 

The  rule  of  operation  is  this : multiply  each  quantity 
by  its  rate,  and  add  all  the  produfts  together  ; then 
divide  the  fiim  of  the  produdls  by  the  fum  of  the  quan- 
tities, or  whole  compound,  and  the  quotient  will  be  the 
rate  fought. 

For  example,  Suppofe  it  were  required  to  mix  together 
6 gallons  of  wine,  worth  3s.  a gallon  ; 8 gallons,  worth 
6s.  the  gallon  ; and  4 gallons,  worth  8s.  the  gallon ; and 
to  find  the  worth  or  value,  per  gallon,  of  the  whole 
mixture. 

Gal,  s.  produdls. 

Here  6 mult,  by  c gives  30 
8 - by  6 - 48 

4 • by  8 - 32 

whole  comp.  18  no  fum  of  prod. 

Then  18  ) 110  ( 6/^  or  6|^s.  is  the  rate  fought. 
108 

z 

Alligation  alternate  is  the  method  of  finding  the 
quantities  of  ingredients  or  fimples,  neceflary  to  form  a 
compound  of  a given  rate. 

The  rule  of  operation  is  this:  ift,  Place  the  given 
rates  of  the  fimples  in  a column,  under  each  other ; 
noting  which  rates  are  lefs,  and  which  are  greater  than 
the  propofed  compound.  2d,  Conned!  or  link  with  a 
crooked  line,  each  rate  which  is  lefs  than  the  propofed 
compound  rate,  with  one  or  any  number  of  thofe  which 
are  greater  than  the  fame  ; and  every  greater  rate  with 
one  or  any  number  of  the  lefs  ones.  3d,  Take  the  differ- 
ence between  the  given  compound  rate  and  that  of  each 
fimple  rate,  and  fet  this  difference  oppofite  every  rate 
with  which  that  one  is  linked.  4th,  Then  if  only  one 
difference  ffand  oppofite  any  rate,  it  will  be  the  quan- 
tity belonging  to  that  rate  ; but  when  there  are  feveral 
differences  to  any  one,  take  their  fum  for  its  quantity. 

For  example,  Suppofe  it  were  required  to  mix  to- 
gether gold  of  various  degrees  of  finenefs,  viz.  of 
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* 2 1,  and  of  23  carafls  fine,  fo  that  the  mixture  lhall 

be  of  20  caradls  line.  Hence, 

Rates  DilTs.  Sum  of  Dlffs. 

r2i'\  - - - I fi  ol  2 1 caradls  fine,- 
Comp,  rate  20 i9'---i+3wofi9  caradls  fine, 
23  j > - - I I of  23  caradts  fine. 

That  15,  there  niuft  be  an  equal  quantity  of  21  and  23 
caradls  fine,  and  4 times  as  much  of  19  caradls  fine. 

Various  limitations,  both  of  the  compound  and  the 
ingredients,  pray  be  conceived  ; and  in  fuch  cafes,  the 
differences  are  to  be  altered  proportionally, 

Queftions  of  this  fort  arc  however  commonly  bed  and 
eafiefl  refolvedby  common  Algebra,  of  which  they  form 
a fpecies  of  indeteiTninate  problems,  ns  they  admit  of 
many,  or  an  indefinite  number  of  anfvvers. 

There  is  recorded  a remarkable  in  dance  of  a difeo- 
very  made  by  Archimedes,  both  by  alligation  and  fpe- 
cific  gravity  at  the  fame  time,  namely,  concerning  the 
crown  of  Hiero,  king  of  Syracufe.  The  king  had 
ordered  a crown  to  be  made  of  pure  gold,  but  when 
brought  to  him,  a fufpicion  arofe  that  it  was  mixed  with 
alloy  of  either  filver  or  copper,  and  the  king  recom- 
mended it  to  Archimedes  to  difeover  the  cheat  without 
defacing  the  crown.  Archimedes,  after  long  thinking 
on  the  matter,  without  lighting  on  the  means  of  doing 
it,  being  one  day  in  the  batli,  and  obferving  how  his 
body  raifed  the  water  higher,  conceived  the  idea  that 
different  metals  of  the  fame  weight  would  occupy  dif- 
ferent fpaces,  and  fo  raife  or  expel  different  quantities 
of  water.  Upon  which  he  procured  two  other  maffes, 
each  of  the  fame  weight  with  the  crown,  the  one  of 
pure  gold,  and  the  other  of  alloy  ; then  imraerfing 
them  all  three,  feparately,  in  water,  and  obferving  the 
fpace  each  occupied,  by  the  quantity  it  raifed  the  water, 
he  from  thence  computed  the  quantities  of  gold  and 
ulloy  contained  in  the  crown. 

ALLIOTH,  a ffar  in  the  tail  of  the  great  bear. 
The  word  in  Arabic  denotes  a horfe  ; and  they  gave 
this  name  to  each  of  the  three  ftars,  in  the  tail  of  the 
great  bear,  as  they  are  placed  like  three  horfes,  thus 
arranged  for  the  purpofe  of  drawing  the  waggon  com- 
monly called  Charles’s  w^ain,  reprefented  by  the  four 
ftars  on  the  body  of  the  fame  conffellation, 
ALMACANTAR.  See  Almucantar, 
ALMAGEST,  the  name  of  a celebrated  book 
compofed  by  Ptolemy  ; being  a colledion  of  a great 
number  of  thcobfervations  and  problems  of  the  ancients, 
relating  to  geometry  and  affronomy,  but  efpecially  the 
latter.  And  being  the  firft  work  of  this  kind  which 
has  come  down  to  us,  and  containing  a catalogue  of  the 
fixed  ftars,  with  their  places,  befide  numerous  records 
and  obfervatlons  of  eclipfes,  the  motions  of  the  planets, 
&c,  this  work  will  ever  be  held  dear  and  valuable  to  the 
cultivators  of  affronomy. 

In  the  original  Greek  it  is  called  the 

gnat  compofition  or  colleBion,  And  to  the  word  /x£7<r)3, 
^egijhy Arabians  joined  the  particle  «/,  and  tlience 
called  It  Almaghejliy  or,  as  we  call  it,  from  them,  the 
Almageft. 

^ Ptolemy  was  born  about  the  year  of  Chrift  69,  and 
. died  In  I47»  and  wrote  this  work,  confifflng  of  i 3 books, 
at  Alexandria  in  Egypt,  v/here  the  Arabians  found  it 
oa  the  capture  of  that  kingdom.  It  was  by  them 


tranflated  out  of  Greek,  into  Arabic,  by  order  of  the 
caliph  Almaimon,  about  the  year  827  ; and  firft  into- 
Latin  about  i 230,  by  favour  of  the  emperor  Frederic  If. 
The  Greek  text  however  was  not  known  in  Flurope  till 
about  the  beginning  of  the  1 5th  century,  when  it  waa 
brought  from  Conftantinople,  then  taken  by  the  Turks, 
by  George,  a monk  of  7'rabezond,  whotranfiated  it  into 
Latin,  which  tranflation  has  feveral  times  been  pub- 
liflied. 

Riccioli,  an  Italian  jefuit,  alfo  ptibllfiied,  in  i6^r,  a 
body  of  Allronomy,  whicli,  in  imitation  of  Ptolemy,  he 
called  Almng-’p.uvi  Novum , the  Neva  Alm&geji  j being  a 
large  colle(^Iion  of  ancient  and  modern  obfervations  and 
difeoveries,  In  thefclence  of  Aftronomy. 

ALMAMON.  caliph  of  Bagdat,  a philofopber  and 
affronomer  in  the  beginning  of  the  9th  century,  he 
having  afeended  tlie  throne  in  the  year  814.  He  waf 
fon  of  Harun  Al-Rafhid,  and  gratid-fon  of  Almanfor. 
His  name  is  otherwife  written  Mamon,  Almaon,  Alma- 
mun,  Alamoun,  or  Al- Maimon , Having  been  educated 
with  great  care  and  with  a love  for  the  liberal  fciences, 
he  applied  himfclf  to  cultivate  and  encourage  them  In  his 
own  countr)'.  For  this  purpofe  he  requefted  the  Greek 
emperors  to  fupply  him  with  fuch  books  on  philofophy 
as  they  had  among  them  ; and  he  colledfed  fleilful  in- 
terpreters to  tranflate  them  into  the  Arabic  language. 
He  alfo  encouraged  his  fubjefts  to  ftudy  them  ; fre- 
quenting the  meetings  of  the  learned,  and  affifting  at 
their  exercifes  and  deliberations.  He  caufed  Ptolemy’s 
Almageft  to  be  tranflated  in  827,  by  Ifaac  Ben-honain, 
and  Thabet  Ben-korah,  according  to  Ilerbelot,  but  ac- 
cording to  others  by  Sergius,  and  Alhazen,  the  fon  of 
Jofeph.  In  his  reign,  and  doubtlefs  by  his  encourage- 
' ment,  an  aftronomer  of  Bagdat,  named  Habafh,  com- 
pofed three  fets  of  aftronomical  tables. 

Almamon  himfelf  made  many  aftronomical  obferva- 
tlons, and  determined  the  obliquity  of  the  ecliptic  to  be 
then  23®  35^  (or  23®  33'  in  fome  manufcripts),  but 
Vollius  fays  23°  51'  or  23®  34'.  He  alfo  caufed  fltil- 
fiil  obfervers  to  procure  proper  inftruments  to  be  made, 
and  to  cxerclfc  themfelves  in  aftronomical  obfervations  ; 
which  they  did  accordingly  at  Shemafi  in  the  province 
of  Bagdat,  and  upon  Mount  Cafius  near  Damas. 

Under  the  aufpices  of  Mamon  alfo  a degree  of  the 
meridian  was  meafured  on  the  plains  of  Sinjar  or  Slnd- 
glar  (or  according  to  fome  Eingar),  upon  the  borders  of 
the  Red  Sea  ; by  which  the  degree  was  found  to  con- 
tain 361  miles,  of  4000  coudees  each,  the  coiidee  being 
a foot  and  a half : but  it  is  not  known  what  foot  Is  here 
. meant,  whether  the  Roman,  the  Alexandnan,  or  fome 
other,  Riccioli  makes  this  meafiire  of  the  degree 
amount  to  8 1 ancient  Roman  miles,  which  value  anfvvers 
to  62046  French  toifes  ; a quantity  more  than  the  true 
value  of  the  degree  by  almoll  one-third. 

Finally,  Mamon  revived  the  fciences  in  the  Eaft  to 
fuch  a degree,  that  many  learned  men  were  found,  not 
only  In  his  own  time,  but  after  him,  in  a country  where 
the  ftudy  of  the  fciences  had  been  long  forgotten.  This 
learned  king  died  near  Tarfus  In  Cilicia,  by  having  eaten 
too  freely  of  fome  dates,  on  his  return  from  a military 
expedition,  in  the  year  833. 

ALMANAC,  a calendar  or  table,  in  which  are  fet 
dowm  and  marked  the  days  and  feafts  of  the  year,  the 
common  ccclcfiaftical  notes,  the  courfe  and  phafes  of 
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the  moon,  &;c,  for  each  month ; and  anfv/ers  to  the 
/q/ii  of  the  ancient  Romans. 

The  etymology  of  the  word  is  much  controverted 
among  grammarians. — Some  derive  it  from  the  Arabic, 
viz,  from  the  particle  a/,  and  manah,  to  count.  While 
Scaliger,  and  others,  derive  it  from  the  fame  al,  and  the 
Greek  pcwav.or,  the'courfe  of  the  months.  But  GoHus 
controverts  thefe  opinions,  and  aferibes  the  word  to 
another  origin,  thoug-h  he  fiill  makes  it  of  Arabic  extradf, 
which  it  more  evidently  is.  BJe  fays  that,  in  the  Eall 
it  iS  the  ciiftom  for  the  people,  at  tlie  beginning  of  the 
year,  to  miake  prefents  to  their  princes  ; and  that,  among 
the  reft,  the  aftrologers  prefent  them  with  their  alma- 
nacs, or  epliemerides,  for  the  year  enfuing  ; ydience 
thefe  came  to  be  called  cilmaiihai  that  is,  new-year’s 
gifts.  But  this  derivation  feems  rather  ftrained  and 
improbable  ; for,  l>y  the  fame  rule,  the  gifts  or  produc- 
tions of  other  artifts,  or  claiTes  of  men,  might  alfo  be 
called  almanacs.  There  are  other  giiefies  at  the  ety- 
mology ; and  Verftegan  writes  the  word  almanac,  and 
makes  it  of  German  original.  Cur  anceftors,  he  ob- 
ferves,  iifed  to  carve  the  courfes  of  the  moon,  for  the 
whole  year,  upon  a fquare  piece  of  wood,  which  they 
called  al-monaght,  which  is  as  much  as  to  fay,  in  old 
Englifh  or  Saxon,  all-moon-heed. 

i^lmanacs  are  of  various  kinds  and  compofition,  fome 
books,  others  fheets,  &c,  fome  annual,  others  perpetual. 
The  effential  part  is  the  calendar  of  months,  weeks,  and 
days  ; the  motions,  changes,  and  phafes  of  the  moon  ; 
with  the  rifing  and  fetting  of  the  fun  and  moon.  To 
thefe  are  commonly  added  various  matters,  aftroiiomical, 
aftrological,  chronological,  meteorological,  and  even 
political,  rural,  medical,  &c  ; as  alfo  eclipfes,  folar  in- 
greftes,  afpe61;s,and  configurations  of  the  heavenly  bodies., 
lunations,  heliocentric  and  geocentric  motions  of  the 
planets,  prognoftications  of  the  weather,  and  predidlions 
of  other  events,  the  tides,  twilight,  equation  of  time,  &c. 

Till  about  the  4th  century,  almanacs  bore  the  marks 
ofAieathenlfm  only  ; from  thence  to  the  yth  century, 
they  were  a mixture  of  heathenifm  and  chriftianity  ; 
and  ever  fince  they  have  been  altogether  chrlftlan  : but 
at  all  times,  aftrological  and  pther  predidiions  have  been 
confidered  as  an  eifential  part,  and  ftill  are  fo  to  this  day 
with  feveral  of  them,  notwithftandlng  that  moil  people 
aJfeB  to  difbelleve  in  fuch  predidlions. 

Nautical  Almanac,  and  Ajlronnmical  Ephemerh , Is  a 
kind  of  national  almanac,  chiefly  for  nautical  purpofes, 
which  was  begun  in  the  year  1767  under  the  diredlion 
cf  ythe  Board  of  Longitude,  on  the  recommendation  of 
the  prefent  worthy  Aftronomer  Royal,  who  has  the 
immediate  conducting  of  it.  It  is  ftill  publiflied  by  an- 
ticipation for  feveral  years  before  hand,  for  the  con- 
venience of  (hips  going  out  upon  long  voyages,  for 
which  it  is  highly  ufeful,  and  was  found  eminently  fo  in 
the  coiirfe  of  the  late  voyages  round  the  world  for 
making  difeoveries.  Befides  moil  things  eflential  to 
general  ufe,  that  are  to  be  found  in  other  almanacs,  it 
contains  many  new  and  important  particulars  ; more 
efpecially,  the  diftances  of  the  moon  from  the  fun  and 
fixed  ftars,  which  are  computed  for  the  meridian  of  the 
Royal  Obfervatory  of  Greenwich,  and  fetdownto  every 
three  hours  of  time,  exprefsly  defigned  for  computing 
the  longitude  at  fea,  by  comparing  thefe  with  the  like 
diftances  obferved  there* 


ALMANAR,  in  the  Arabian  aftrology,  denotes  the 
pre-eminence  or  prevalence  of  one  planet  over  another. 

ALMUCANTARS,  Almacantars,  or  AuMt- 
CANTARS,  from  tlie  Arabic  almocantharat,  are  circles 
parallel  to  the  liorizon,  conceived  to  pafs  through  every 
degree  of  the  meridian  ; ferving  to  fliew  the  height  of 
the  fun,  moon,  or  ftars,  &c  ; and  are  the  fame  as  the 
parallels  of  altitude. 

ALMUCANTAR-o/rr^i  was  an  inftrument  formerly 
iifed  at  fea  to  obferve  the  iun’s  amplitude  at  rifing  or 
fetting,  and  thence  to  determine  the  variation  of  the 
cornpafs,  &c.  The  inftnuneiit  had  an  arch  of  15  de- 
grees, made  of  fome  fnaocth  wood. 

AliPflONSINE  Eahlesy  are  aftronomical  tables 
compiled  by  order  of  Alphoufus,  king  of  Caftile.  Li 
the  compiling  of  thefe  it  is  thought  that  prince  himfelf 
aflifted.  See  Aftronomical  tables. 

ALPHONSUS  the  rcth,  king  of  Leon  and  Caftile,, 
who  has  been  fiirnamed  The  Vvfife,  on  account  of  his  at- 
tachment to  literature,  and  is  now  more  celebrated  for 
having  been  an  aftronomer  than  a king.  He  was  born 
in  1203;  fucceeded  his  fatlier  Ferdinand  th'e  3d,  In 
1252  ; and  died  in  1284,  confequently  at  the  age  of  81. 

The  affairs  of  the  reign  of  Alphonfus  were  very 
extraordinary  and  unfortunate  for  him.  But  we  ftiall 
here  only  confider  him  in  that  part  of  his  charadler,  on 
account  of  which  he  has  a place  in  this  work,  namely, 
as  an  aftronomer  and  man  of  letters.  Fie  underftood 
aftronomy,  philofophy,  and  hlftory,  as  if  he  had  been 
only  a man  of  letters  ; and  compofed  books  upon  the 
motions  of  the  heavens,  and  on  the  hlftory  of  Spain, 
which  are  highly  commended.  ‘‘  What  carr  be  more 
furprifing,”  fays  Mariana,  “ than  that  a prince,  educated 
in  a camp,  and  handling  arms  from  hfs  childhood, 
fliould  have  fuch  a knowledge  of  the  ftars,  of  philofo- 
phy,  and  the  tranfacllons  of  the  world,  as  men  of 
leifure  can  fcarcely  acquire  in  their  retirements  ? 
There  are  extant  fome  books  of  Alphonfus  on  the 
motions  of  the  ftars,  and  the  hlftory  of  Spain,  written, 
with  great  fteill  and  Incredible  care.”  In  his  aftronomiaal 
purfuits  he  difeovered  that  the  tables  of  Ptolemy  were 
full  of  errors ; and  thence  he  conceived  the  firft  of  any 
the  refolution  of  correcting  them.  For  this  purpofe,, 
about  the  year  1240,  and  during  the  life  of  his  father, 
he  alTembled  at  Toledo  the  moil  flcilful  aftronomers  of 
his  time,  Chriftians,  Moors,  or  Jews,  when  a plan  was 
formed  for  conftrudling  new  tables.  This  tafle  was  ac- 
compliftied  about  1252,  the  firft  year  of  his  reign  ; the 
tables  being  drawn  up  chiefly  by  the  fltill  and  pains  of 
Rabbi  Ifaac  Flazan  a learned  Jew,  and  the  work  called 
the  Alphsnfine  Tables,  in  honour  of  the  prince,  who  was 
at  vaft  expences  concerning  them.  He  fixed  the  epoclx 
of  the  tables  to  the  30th  of  May  1252,  being  the  day 
of  his  acceffion  to  the  throne.  They  were  printed  for 
the  firft  time  in  1483,  at  Venice,  by  Radtolt,  who  ex« 
celled  in  printing  at  that  time  ; an  edition  extremely 
rare:  there  are  others  of  1492,  1521,  1545,  &c. 
(Weidler,  p.  280). 

W^e  muft  not  omit  a memorable  faying  of  Alphonfus, 
which  has  been  recorded  for  its  boldnefs  and  pretended 
impiety  ; namely,  “ that  if  he  had  been  of  God’s  privy 
council  when  he  made  the  world,  he  could  have  advifed 
him  better.”  Mariana  however  fays  only  in  general, 
that  Alphonfus  was  fo  bold  as  to  blame  the  works  of 
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Providence,  and  the  conftruftion  of  our  bodies  ; and  he 
fays  that  this  ftoiy  concerning  him  refted  only  upon  a 
vulgar  tradition.  The  Jefuit’s  words  are  curious : 
**  Emanuel,  the  uncle  of  Sanchez  (the  fon  of  Alphon- 
fus),  in  his  own  name,  and  in  the  name  of  other  nobles, 
deprived  Alphonfus  of  his  kingdom  by  a public  fentencc: 
which  that  prince  merited,  for  daring  feverely  and  boldly 
to  cenfure  the  works  of  divine  Providence,  and  the  con- 
ftrudfion  of  the  human  body,  as  tradition  fays  he  did. 
Pleaven  mofi:  juhly  punilhed  tlie  folly  of  his  tongue.” 
Though  the  filence  of  fuch  an  hiftorian  as  Mariana,  in 
regard  to  Ptolemy’s  fyftem,  ought  to  be  of  fome  weight, 
yet  we  cannot  think  it  improbable,  that  if  Alphonfus 
did  pafs  fo  bold  a cenfure  on  any  part  of  the  univerfe, 
it  was  on  the  celeftial  fpheiT,  and  meant  to  glance  upon 
the  contrivers  and  fupporters  of  that  fyftem.  For,  be- 
ftdes  that  lie  ftudied  nothing  more,  it  is  certain  that  at 
that  time  aftronomers  explained  the  motions  of  tlie 
heavens  by  intricate  and'eonfufed  hypothefes,  which  did 
no  honour  to  God,  nor  anyvvife  anfwered  the  idea  of 
an  able  workman.  So  that,  from  confidering  the  multi- 
tude of  fpheies  compofing  the  fyftem  of  Ptolemy,  and 
thofc  numerous  eccentric  cycles  and  epicycles  with 
w hich  it  is  embarrafted,  if  we  fuppofe  Alphonfus  to  have 
laid,  “ That  if  God  had  afleed  his  advice  when  he  made 
the  world,  he  would  have  given  him  better  council,” 
the  boldnefs  and  impiety  of  the  cenfure  will  be  greatly 
diminifned. 

ALSTED  (John-Hr  nry),  a German  proteftant 
divine,  and  one  of  the  moft  indefatigable  writers  of  the 
17th  century.  He  was  fome  time  profeffor  of  philofo- 
phy  and  divinity  at  Herborn  in  the  county  of  Naftau  : 
from  thence  he  went  into  Tranfilvania,  to  be  profeffor 
at  Alba  Julia  ; where  he  continued  till  his  death,  which 
happ^ened  in  1638,  being  then  50  years  of  age.  Pie 
applied  himfelf  chiefly  to  compofe  methods,  and  to  re- 
duce the  feveral  branches  of  arts  and  fciences  into  fy  items. 
His  Encyclopedia  has  been  much  efteemed  even  by 
Roman  Catholics  ; it  was  printed  at  Lyons,  and  fold 
very  well  throughout  all  France.  Voflius  mentions  the 
Encyclopaedia  in  general,  but  fpeaks  of  his  treatife  of 
Arithmetic  more  particulaily,  and  allows  the  author  to 
have  been  a man  of  great  reading  and  univerfal  erudition. 
His  Ehefanriis  Chronologiciis  is  by  fome  efteemed  one 
of  his  beft  works,  and  has  gone  through  feveral  edi- 
tions, though  others  fpeak  ot  it  with  contempt.  In  liis 
Eriumphus  Bihlicus  /lilted  endeavours  to  prove  that 
the  materials  and  principles  of  all  the  arts  and  fciences 
may  be  found  iu  the  feriptures  ; but  he  gained  very  few 
to  his  opinion.  John  Plimmelius  wrote  a piece  againft 
his  Theohgia  Polemica,  which  was  one  of  Alftcd’s  beft 
performances.  It  feems  he  was  a millenarian,  having 
publifhed,  in  1672,  a treatife  IJe  MtUe  Annisj  in  which 
he  aflerts  that  the  faithful  fhall  reign  with  Jefus  Clirill 
upon  earth  a thoufand  years  ; after  which  will  be  the 
general  refurredllon,  and  the  laft  judgment  ; and  he  pre- 
tended that  this  reign  would  commence  in  the  year  1 604. 

ALTERNATE  angles^  are  the  in- 
ternal angles,  A and  B,  or  a and  b, 
rnade  by  a line  cutting  two  parallel 
lines,  and  lying  on  oppofitc  fides  of 
the  cutting  line.  It  is  the  property 
of  thefe  angles  to  be  always  equal  to 
each  other,  namely  the  angle  A = the 


angle  B,  and  the  angle  a — the  angle  h.  And  the  ex  - 
terior  alternate  angles  arc  alfo  equal. 

Alternate  Ratio  or  Proportion^  is  the  ratio  of  the 
one  antecedent  to  the  other,  or  of  one  confequent  to 
the  other,  in  any  proportion,  in  which  the  quantities 
are  of  the  fame  kind.  So  if  A ; B : ; C ; D, 
then  alternately,  or  by  alternation  A : C : : B : D. 

ALTERNAT'ION,  or  Permutation,  of  quantities 
or  things,  is  the  varying  or  changing  tlie  order  or  po- 
fition  of  them. 

As  fuppole  two  things  a and  b ; thefe  may  be  placed 
either  thus  ab  or  ha  tliat  is  two  ways,  or  1x2.  If 
there  be  three  things,  a,  b,  c,  then  the  3d  thing  c,  may 
be  placed  three  different  ways  with  refpeft  to  each  of 
the  two  pofitions  ab  and  ba  of  the  other  two  things, 
it  may  ftand  either  before  them,  or  between  them,  or 
after  them  both,  that  Is,  It  may  ftand  cither  ift,  2d,  or 
3d  ; and  therefore  with  three  things  there  will  be  three 
times  as  many  changes  as  with  two,  that  Is  i x 2 x 3 or 
fix  changes  with  three  things.  Again,  If  there  be  four 
things  a,  b^  c,  d ; then  the  fourth  thing  d may  be 
placed  in  four  different  ways  with  refpecl  to  each  of  the 
fix  pofitions  of  the  other  three  ; for  It  may  be  fet  either 
lit  or  2d  or  3d  or  4th  111  the  order  of  each  pofitlon  ; 
confequently  from  four  things  there  will  be  four  times 
as  many  alternations  as  there  are  from  three  things  ; 
and  therefore  i X 2 x 3 X 4 m 24  Is  the  number  of 
changes  with  four  things.  And  fo  on,  always  multi- 
plying the  laft  found  number  of  alternations  by  the  next 
number  of  things  ; or  to  find  the  number  of  changes  for 
any  number  of  things,  as  «,  multiply  the  ferics  of  natural 
numbers  i,  2,  3,  4,  5,  &:c,  to  n,  continually  together, 
and  the  laft  produdft  will  be  tlie  number  of  alternations 

fought ; fo  1 X 2 X 3 X 4 X 5 //is  the  number  of 

changes  In  n things. 

So  if,  for  example,  it  were  required  to  find  how  many 
changes  may  be  rung  on  i 2 bells  ; it  would  be 
I X2X3X4X5X6X  7x8x9X10x11X12  = 
/\.']<ycQiGoo,  the  number  of  changes.  Now  fuppofing 
there  might  be  rung  10  changes  in  one  minute,  that  is 
10X12  or  120  ftrokes  in  a minute,  or  2 ftrokes  in  each 
fecoiid  of  time  ; then,  according  to  this  rate,  it  would 
take  upwards  of  9!  years  to  ring  over  all  thefe  changes 
on  the  12  bells  cnly,  Alfo,  if'but  two  more  bells  were 
added,  making  bells;  then,  at  the  fame  rate  of  ringing, 
it  would  require  about  1 6575  years  to  ring  all  tlie  changes 
on  14  bells  but  once  over.  And  if  the  number  of  bells 
were24,Itw'Ouldrequiremorethan  i i 700C00000C0C00C0 
years  to  ring  all  the  different  changes  upon  them  ! 

ALTIMETRY,  Altimetria,  tlie  art  of  taking 
or  mcafuring  altitudes  or  heights,  whether  accelfible  or 
inaccefliblc.  Or 

Altimetria  Is  the  part  of  praclical  Geometry  which 
refpedls  the  theory  and  praftice  of  meafuring  both 
heights  and  depths,  and  both  in  refpeeff  of  perpendicular 
and  oblique  lines. 

ALTING  (James),  was  born  at  Heidelberg  in 
1618.  He  travelled  Into  England  in  1640,  where  he 
was  ordained  by  the  learned  Dr.  Prldeaiix,  bifliop  of 
Worcefter.  He  afterwards  fucceeded  Gomarus  in  the 
profefforfliip  of  Groninghen.  He  died  in  1697  ; and 
recommended  the  edition  of  his  works  to  Menlo  Alting 
(author  of  Notitia  German.  Infer.  Antiquae)  ; but 
they  were  publifhed  in  5 vols  folio,  with  his  life,  by 
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Bekker  of  Amfterdam.  They  contam  various  ana- 
lytical, exegetical,  pradlical,  problematical,  and  philo- 
fophical  traces,  which  Ihew  his  great  induftry  and  know- 
ledge. 

ALTITUDE,  in  Geometry  is  the  third  dimenlion  of 
body,  confidered  with  refpedl  to  its  elevation  above  the 
ground:  and  is  otherwife  called  its  height  when  mea- 
fured  from  bottom  to  top,  or  its  depth  when  meafured 
from  top  to  bottom. 

Altitude  of  a figure^  is  the  diftance  of  its  vertex 
from  the  bafe,  or  the  length  of  a perpendicular  let  fall 
from  its  vertex  to  the  bafe.  The  altitudes  of  figures 
are  ufeful  in  computing  their  areas  or  folidities. 

Altitude,  dr  Height  oi  any  point  of  a terreifrial 
objc6f,  is  the  perpendicular  let  fall  from  that  point  to  the 
plane  of  the  horizon.  Altitudes  are  diilinguilhed  into 
accejfihle  and  inaccejjible* 

Accejftble  Altitude  of  an  objeft,  is  that  whole  bafe 
there  is  accefs  to,  to  meafure  the  neareft  diftance  to  it 
on  the  ground,  from  any  place. 

Inaccejfihle  Altitude,  of  an  objedl,  i#  that  whofe 
bafe  there  is  not  free  accefs  to,  by  which  a diftance 
may  be  meafured  to  it,  by  reafon  of  fome  impediment, 
fuch  as  water,  wood,  or  the  like. 

To  meafure  or  take  Altitudes.  If  an  altitude 
uannot  be  meafured  by  llretching  a ftring  from  top  to 
bottom,  which  is  the  dire(fl  and  moft  accurate  way,  then 
fome  indirect  way  is  ufed,  by  adlually  meafuring  fome 
other  line  or  diftance  which  may  ferve  as  a bafis,  in  con- 
jundlion  with  fome  angles,  or  other  proportional  lines, 
either  to  compute,  or  geometrically  determine,  the  al- 
titude of  the  objedl  fought. 

There  are  various  ways  of  meafuring  altitudes,  or 
depths,  by  means  of  different  inllruments,  and  by  lhadows 
or  reflefted  images,  on  optical  principles.  There  are 
alfo  various  ways  of  computing  the  altitude  in  numbers, 
from  the  meafurements  taken  as  above,  either  by  geo- 
metrical conftruOtion,  or  trigonometrical  calculation,  or 
by  fimple  numeral  computation  from  the  property  of 
parallel  lines,  &c. 

The  inftruments  moffly  ufed  in  meafuring  altitudes, 
are  the  quadrant,  theodolite,  geometrical  fquare,  line 
of  fiiadows,  &c  ; the  deferiptions  of  each  of  which  may 
be  feen  under  their  refpedlive  names. 

To  meafure  an  Accejfihle  Altitude  Geometrically,  Thus, 
fuppofe  the  height  of  the  acceffible  tower  AB  be  re- 
quired. Firft,  by  means  of  two  rods,  the  one  longer 
than  the  other:  plant  the  longer  upright  at  C;  then 
move  the  fhorter  back  from  it,  till  by  trials  you  find  fuch 
a place,  D,  that  the  eye  placed  at  the  top  of  it  at  E,  may 
fee  the  top  of  the  other,  F,  and  the  top  of  the  objedt  B 
llraiglit  in  a line  : next  meafure  the  diftances  DA  or 
EG  and  DC  or  EH,  alfo  HF  the  difference  between  the 
heights  of  the  rods  : then,  by  fimilar  triangles,  as  EH  : 
EG  : : HF':  the  4th  proportional  GB ; to  wliich  add 
AG  or  DE,  and  the  firm  will  be  the  whole  altitude  AB 
fought. 


Or,  with  one  rod  CF  only : plant  It  at  fuch  a place  C, 
that  the  eye  at  the  ground,  or  near  It,  at  I,  may  fee  the 
tops  F and  B In  a right  line : then,  having  meafured  IC, 
lA,  CF,  the  4th  proportional  to  thefe  will  be  the  al- 
titude AB  fought. 

Or  thus,  by  means  of  Shadows.  Plant  a rod  ah  at 
and  meafure  its  fiiadow  ac^  as  alfo  the  fhadow  AC  of 
the  objedl  AB  ; then  the  4th  proportional  to  ac^  ah^  AC 
wtU  be  the  altitude  AB  fought. 


Or  thus,  by  means  of  Optical  Refleefion.  Place  a 
veffel  of  water,  or  a mirror  or  other  reflecting  furfacc, 
horizontal  at  C ; and  move  off  from  it  to  fuch  a diftance, 
D,  that  the  eye  E may  fee  the  image  of  the  top  of  the 
objeCl  in  the  mirror  at  C : then,  by  fimilar  figures,  CD  ; 
DE  : : C A ; AB  the  altitude  fought. 


Or  thus,  by  the  Geometrical  Square.  At  any  place, 
C,  fix  the  ftand,  and  turn  the  fquare  about  the  centre  of 
motion,  D,  till  the  eye  there  fee  the  top  of  the  objefl 
through  the  fights  or  telefcope  on  the  fide  DE  of  the 
quadrant,  and  note  the  number  of  divifions  cut  off  the 
other  fide  by  the  plumb  line  EG : then  as  EF : EG 
: : DH  : HB  ; to  which  add  AH  or  CD,  for  the 
whole  height  AB, 


C A 


To  meafure  an  Accejfihle  Altitude  Trigonometrically.  At 
any  convenient  ftation,  C,  with  a quadrant,  theodolite, 
or  other  graduated  inftrument,  obferve  the  angle  ot 
elevation  ACB  above  the  horizontal  line  AC  ; and  mea- 
lure  the  diftance  AC.  Then,  A being  a right  angle,  it 
will  be,  as  radius  is  to  the  tangent  of  the  angle  A,  fo  is 
AC  to  AB  fought. 

If  AC  be  not  horizontal,  but  an  inclined  plane  ; then 
the  angle  above  it  muft  be  obferved  at  two  ftations  C and 
D in  a right  line,  and  the  diftances  AC,  CD  both  mea^ 
flired.  Then,  from  the  angle  C take  the  angle  D,  and 
there  remains  the  angle  CBD  ; hence  in  the  triangle 
BCD,  are  given  the  angles  and  the  fide  DC,  to  find  the 
fide  CB  j and  then  in  the  triangle  ABC^  are  given  the 
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two  fides  CA  and  CB,  with  the  Included  angle  C,  to 
find  the  third  fide  AB. 


Or  thus,  meafure  only  the  dlilance  AG,  and  the  an- 
gles A and  C : then,  in  the  triangle  ABC,  are  given  all 
the  angles  and  the  fide  AC,  to  find  the  fide  AB, 

'To  meafure  an  Inacajfible  Altitude ^ as  s hill,  cloud, 
or  other  object.  This  is  commonly  done,  by  obferv- 
ing  the  angle  of  its  altitude  at  two  ftations,  and  mea- 
furing  the  difiance  between  them.  Thus,  for  the  height 
AB  of  a hill,  meafure  the  diftance  CD  at  the  foot  of  it, 
and  obferve  the  quantity  of  the  two  angles  C and  D. 
Then,  from  the  angle  C taking  the  angle  D,  leaves  the 
angle  CBD  ; hence 

As  fine  aCBD  ; fine  Z.D  : : CD  : CB  ; and 
As  rad. ; fine  Z.  ACB  : : CB  : AB  the  altitude. 


And  for  a balloon,  or  cloud,  or  other  moveable  objeef^ 
C,  let  two  obfervers  at  A and  B,  in  a plane,  with  C,  take 
at  the  fame  time  the  angles  A and  B,  and  meafure  the 
diftance  between  them  AB;  then  calculate  the  altitude 
CD  exaftly  as  in  the  laid  example. 


A B D 

To  find  the  height  of  an  objeff,  by  knowing  the  ut- 
moft  diftance  at  which  its  top  can  be  juft  feen  in  the  ho- 
rizon. As  fuppofe  the  top  H of  a tower  FH  can  be 
juft  feen  frorh  E when  the  diftance  EF  Is  25  miles,  fup- 
pofing  the  circumference  of  the  earth  to  be  25000  miles, 
or  the  radius  3979  miles  or  21 0091 20  feet.  Firft,  as 
25000  : 25  : : 360°:  21'  36^'  equal  to  the  angle  G; 
then  as  radius  : fee.  Z.G  : : EG  : GH,  which  will  be 
found  to  be  21009536  feet;  from  which  take  EG  or 
GF,  and  there  remains  416  feet,  for  FH  the  height  of 
the  tower  fought. — Or  rather  thus,  as  10000000  radius  : 
198  rr:  fee.  ZG  —radius  : ; 2 1009 120  = EG  : 416  = 
FH,  as  before. 

Or  the  fame  may  be  found  eafier  thus  : The  horizon 
dips  nearly  8 inches  or  | of  a foot  at  the  diftance  of  i 
mile,  and  according  to  the  fquare  ^of  the  diftance  for 


other  diftanccs ; therefore  as  1*  or  i : 25*  or  625  : : | : 
j of  625  or  416  feet,  the  fame  as  before. 

There  is  a very  eafy  method  of  taking  great  terreftrial 
altitudes,  fuch  as  mountains  &c,  by  means  of  the  differ- 
ence between  the  heights  of  the  barometer  obferved  at 
the  bottom  and  top  of  the  fame.  Which  fee  under  the 
article  Barometer. 

Altitude  of  the  Eye  ^ in  PerfpeSive,  is  a right  line 
let  fall  from  the  eye,  perpendicular  to  the  geometrical 
plane. 

Altitude,  in  AJlronomy,  is  the  arch  of  a vertical 
circle,  meafuring  the  height  of  the  fun,  moon,  ftar,  or 
other  celeftial  objedl,  above  the  horizon. 

This  altitude  may  he  either  true  or  apparent,  Tiie 
apparent  akitude  Is  that  which  appears  by  fenfible  ob- 
fervatlons  made  at  any  place  on  the  furface  of  the  eaith. 
And  the  true  altitude  Is  that  which  refultsby  correfting 
the  apparent,  on  account  of  refradllon  and  parallax. 

The  quantity  of  the  refraction  Is  different  at  different 
altitudes  ; and  the  quantity  of  the  parallax  is  different 
according  to  the  diftance  of  the  different  luminaries  ; in 
the  fixed  ftars  this  is  too  fmall  to  be  obferved  ; in  the  fun 
it  is  but  about  8|  feconds ; but  in  the  moon  it  is  about 
52  minutes. 

Altitudes  are  obferved  by  a quadrant,  or  fextant^ 
or  by  the  fliadow  of  a gnomon  or  high  pole,  and  by 
various  other  ways,  as  may  be  feen  in  moft  books  of 
aftronomy. 

Meridian  Altitude,  Is  an  arch  of  the  meridian  In- 
tercepted between  any  point  in  It  and  the  horizon.  So 
if  HO  be  the  horizon,  and  HEZO  the  meridian  ; then 
the  arch  HE,  or  the  angle  HCE,  is  the  meridian  alti- 
tude of  an  objecl  in  the  meridian  at  the  point  E. 


Altitude,  or  elevatioriy  of  the  Pohy  Is  the  angle 
OCP,  or  arch  OP  of  the  meridian,  Intercepted  between 
the  horizon  and  pole  P. 

This  Is  equal  to  the  latitude  of  the  place  ; and  It  may 
be  found  by  obferving  the  meridian  altitude  of  the  pole 
ftar,  when  it  Is  both  above  and  below  the  pole,  and 
taking  half  the  fum,  when  corrected  on  account  of 
refradllon.  Or  the  fame  may  be  found  by  the  decli- 
nation and  meridian  altitude  of  the  fun. 

Altitude,  or  elevationy  of  the  equatovy  is  the  angle 
HCE  , or  arch  HE  of  the  meridian,  between  the  horizon 
and  the  equator  at  E ; and  it  is  equal  to  ZP  the  co- 
latitude of  the  place. 

Altitude  of  the  Tropiesy  the  fame  as  what  is  other- 
wife  called  xfit  foljlifial  altitude  of  the  fun,  or  his  meridian 
altitude  when  in  the  folftitlal  points. 

Altitude,  or  height y of  the  horizony  or  of  ftars  &c 
feen  in  it,  is  the  quantity  by  which  it  is  raifed  by  re- 
fraction. 

RefraBion  of  Altitude,  is  an  arch  of  a vertical  cir- 
cle, by  which  the  true  altitude  of  the  moon,  or  a ftar, 
or  Other  objed,  is  increafed  by  means  of  tlie  refraCtion  ; 

and 
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aTid  is  different  at  different  altitudes,  beiii^ -nothing  in 
the  zenith,  andgreateftat  the  horizon,  where  it  is  about 

3,5'- 

Parallax  of  Altitude,  is  an  arch  of  a vertical  circle,  - 
by  which  the  true  altitude,  obferved  at  the  centre  of  the 
eartli,  exceeds  that  which  is  obferved  on  the  furface  ; 
or  the  difference  between  the  angles  ({  LM  and  (f  IK  of 
altitude  there  ; and  is  equal  to  the  angle  I ([  L formed  at 
the  moon  or  other  body,  and  fubtended  by  the  radius 
IL  of  the  earth. 

It  is  evident  that  this  angle  is  lefs,  as  the  luminary  is 
farther  dlftant  from  the  earth  ; and  alfo  lefs,  for  any 
one  luminary,  as  it  is  higher  above  the  horizon  j being 
greatefl  there,  and  nothing  in  the  zenith.  ^ - 

Altitude  of  the  Nonagifimnf  is  the  altitude  of  the 
90th  degree  of  the  ecliptic,  counted  upon  it  from  wdrere 
it  cuts  tlie  horizon,  or  of  the  middle  or  highefl  point  of 
it  which  is  above  the  horizon,  at  an}^  time  ; and  Is  equal 
to  tlie  angle  made  by  the  ecliptic  and  horizon  where  they 
interfedl  at  that  time. 

Alti  TUDE  of  the  cone  of  the  eartJf  s or  mooPs,Jljado^jj^ 
the  height  of  the  fliadow  of  the  body,  made  by  the  fun, 
and  meafured  from  the  centre  of  the  body.  To  find  it, 
fay,  As  the  tangent  of  the  angle  of  the  fun's  apparent 
femidiameter  is  to  radius,  fo  is  i to  a 4th  proportional, 
‘which  will  be  the  height  of  the  fhadow,  in  femldlame- 
ters  of  the  body. 

So,  the  greatell  height  of  the  earth’s  fltadow,  is 
217*8  femidiameters  of  the  earth,  when  the  fun  is  at 
his  greateft  diftance,  or  his  femidiameter  fubtends  an 
angle  of  about  15'  and  the  height  of  the  fame  is 

210*7  femidiameters  of  the  earth,  when  the  fun  is  nearelT; 
the  earth,  or  when  his  femidiameter  is  about  16'  19"'  ; 
And  proportionally  between  thefe  limits  for  the  inter- 
mediate dldances  or  femidiameters  of  the  fun. 

The  altitudes  of  the  fhadows  of  the  earth  and  moon, 
are  nearly  as  1 1 to  3,  the  proportion  of  their  diameters. 

Altitude,  or  exaltation,  in  aftrology,  denotes  the 
fecond  of  the  five  efiential  dignities,  which  the  planets 
acquire  by  virtue  of  the  figns  they  are  found  in. 

Altitude  of  motion,  is  a term  ufed  by  Dr.  Wallis, 
for  the  meafure  of  any  motion,  ellimated  in  the  line  of 
direftion  of  the  moving  force. 

Altitude,  in  fpeaking  of  fiiilds,  is  more  frequently 
cxprelTed  by  the  term  depth.  The  prelTure  of  fluids, 
in  every  diredlion,  is  in  proportion  to  their  altitude  or 
depth. 

Altitude  of  the  mercury,  in  the  barometer  and  ther- 
mometer, is  marked  by  degrees,  or  equal  divifions,  placed 
by  the  fide  of  th'e  tube  of  tiiofe  inftruments. 

The  altitude  of  the  barometer,  or  of  the  mercury  in 
its  tube,  at  London,  is  ufually  comprifed  between  the 
limits  of  28  and  31  inches;  and  the  mean  height,  for 
•every  day  in  feveral  years,  is  nearly  ^9*87  inches. 

Altitude  of  the  pyramids  in  Egypt,  was  meafured 
fo  long  fince  as  the  time  of  Thales,  which  he  eifedted 
by  means  of  their  fhadow,  and  that  of  a pole  fet  upright 
befide  them,  making  the  altitudes  of  the  pole  and  py- 
ramid proportional  to  the  lengths  of  their  fhadows.  Plu- 
tarch has  given  an  account  of  the  manner  of  this  ope- 
ration, which  is  one  of  the  firft  geometrical  obfervations 
^re  have  an  exadt  account  of. 

Altitude,  circles  of,  parallels  of,  quadrant  of , isfe. 
S-ee  -the  refpedtive  words. 


K'yw/?/ Alt n TIDE  hflrumcnf  is  an  inflrnment  ufed 
obferve  a celeilial  objddi,  when  it  has  the  fame  or  an 
equal  altitude,  on  both  fides  of  the  meridian,  or  before 
and  after  it  pafies  the  meridian  : an  Inilrument  very 
ufelul  in  adjufting  clocks'  dec,  and  for  comparing  equal 
and  apparent  time. 

AMBIENT,  encompafhng round  about;  as  the  bodies 
which  are  placed  about  any  other  body,  are  called  am- 
bient bodies,  and  fometimes  clr cum- ambient  bodies  ; and 
the  whole  mafs  of  the  air  or  atmofphere,  becaufe  it  en- 
compafles  all  things  on  the  face  of  the  earth.  Is  called 
the  ambient  air. 

AMBIGENAL  Hyperbola,  •d'aTkmt  given  by  Newton, 
in  his  Enumeratio  linearum.  tcrfii  ordlnis,  to  one  of  the  tri- 
ple hyperbolas  EGF  of  the  fecond  order,  having  one 
of  its  infinite  legs,  as  EG,  falling-  w'lthiii  the  angle 
A CD,  formed  by  the  afymptotes  AC,  CD,  and  the 
other  leg  GF  falling  without  that  angle. 


AMBIT,  of  a fgure,  in  Geometry,  is  the  pcrimc-» 
ter,  or  line,  or  fum  of  the  lines,  by  which  the  figure 
is  bounded. 

AMBLIGON,  or  Ambligonal,  in  Geometry,  fig- 
nifies  obtufe-angular,  as  a triangle  which  has  one  of  its 
angles  obtufe,  or  confiftlng  of  more  than  90  degrees. 

AMICABLE  numbers,  denote  pairs  of  numbers,  of 
wdrich  each  of  them  is  mutually  equal  to  the  fum  of  all 
the  aliquot  parts  of  the  other. . So  the  firft  or  leaft  pair 
of  amicable  numbers  are  220  and  284  ; all  the  aliquot 
parts  of  which,  wnth  their  fums,  are  as  follow,  viz, 
of  220,  they  are  i,  2,  4,  5,  10,  1 1,  20,  22,  44,  55, 

1 10,  their  fum  — 284; 

of  284,  they  are  i,  2,  4,  71,  142,  and  their  fum  is  220. 

The  2d  pair  of  amicable  numbers  are  17296  and 
18416,  wLich  have  alfo  the  fame  property  as  above. 

And  the  3d  pair  of  amicable  numbers  are  9363584 
and  9437056. 

Thefe  three  pairs  of  amicable  numbers  w^ere  found 
out  by  F.  Schooten,  feN.  9 of  his  Exercitatlones  Mathe- 
7natic(^,  wLo  I believe  firft  gave  the, name  of  amicable  to 
fuch  numbers,  though  fuch  properties  of  numbers  it 
feems  had  before  been  treated  of  by  Rudolphus,  Def- 
cartes,  and  others. 

To  find  the  firft  pair,  Schooten  puts  \x  and  4^2;,  or 
o/'X  and  a^y%  for  the  two  numbers  where  a 1 % then 
making  each  of  thefe  equal  to  the  fum  of  the  aliquot 
parts  of  the  other,  gives  two  equations,  from  which  arc 
found  the  values  of  x and  %,  and  confequentL,  affuming 
a proper  value  for  y,  the  two  amicable  numbers  thera- 
lelves  4a:  and  \y%. 

In  like  manner  for  the  other  pairs  of  fuch  numbers ; 
in  which  he  finds  it  neceffary  to  aftume  i6a:-  and  ibjss  or 
a^x  and  a^yz  for  the  2d  pair,  and  izSa:  and  izSyz  or 
and  a'^yz  for  the  3d  pair. 
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Schooten  then  gives  this  praftlcal  rule,  from  Def- 
cartts,  for  finding  amicable  numbers,  viz,  Afiftime  the 
number  2,  or  fome  power  of  the'niimbef  2,  fiich  that 
if  unity  or  i be  fubtradled  from  each  of  tbefe  three  fol- 
lowing quantities,'  viz  ; 

from  3 times  the  affiimcd  number, 
alfo  from  6 times  the  aifumed  number, 
and  from  1 8 times  the  fquare  of  the  affumed  number, 
the  three  remainders  may  be  all  prime  numbers;  then 
the  lalt  prime  number  being  multiplied  by  double  the  af- 
fumed num.bcr,  the  product  will  be  one  of  the  amicable 
numbers  fought,  and  the  fum  of  its  aliquot  parts  will  be 
the  other. 

That  is,  if  <1!  be  put  =r  the  number  2,  and  ti  fome 
integer  number,  fuch  that  r,  and  6^"  — i,  and 

l be  ail  three  prime  numbers  ; then  is  18.7-"—  i 
X 2a^  one  of  the  amicable  numbers  ; and  the  fum  of  its 
aliquot  parts  is  the  other. 

AMON  TONS  (William),  an  ingenious  French 
experimental  philofophcr,  was  born  in  Normandy  the 
3 ill  of  Augiilf  1663.  While  at  the  grammar  fchool, 
he  by  ficknefs  contracted  a deafnefsthat  almofl  excluded 
him  From  the  converfation  of  mankind.  In  this  fitu- 
ation  he  applied  himfeif  to  the  Itudy  of  geometry  and 
mechanics ; with  which  he  was  fo  delighted  that  it  is 
faid  he  refufed  to  try  any  remedy  for  his  diforder,  either 
becaule  he  deemed  it  incurable,  or  bccaufe  it  iucreafed 
his  attention  to  his  lludies.  Among  other  objects  of  his 
Ihidy,  were  the  arts  of  drawing,  of  iand-furveying,  and 
of  building  ; and  fuortly  after  lie  acquired  fome  know- 
. ledge  of  ihofe  more  fublime  laws  by  wdiich  the  univerfe 
is  regulated.  He  ftudied  with  great  care  the  nature  of 
'barometers  and  thermom.eters;  and  wrote  his  treatife  of 
Ohfervaiions  and Expa  iments  concern i?ig  a ne^w  Idovr-glafs , 
and  conceniwg  Barpweters,  Thermomtters,  and  Hygrcfcopes; 
as  alfo  fome  pieces  in  the  Journal  des  Savans,  In  1687, 
.he  prefented  a new  hygrofeope  to  tl.e  Academy  of  Sci- 
ences, which  was  much  approved.  He  found  out  a 
method  of  conveying  intelligence  to  a great  diftance  in 
a fliovt  fpace  of  time  : this  was  by  making  fignals  from 
one  pei  fon  to  another,  placed  at  as  great  diftances  from 
each  other  as  they  could  fee  the  fignals  by  means  of  te- 
lelcopcs.  hen  the  Royal  Academy  was  new  regulated 
in  1699,  Amiontons  was  chofen  a member  of  it,  as  an 
'cleve  under  the  third  Allronoraer ; and  he  read  there 
his  Nepv  Theory  of  Fr'idmi,  in  which  he  happily  cleared 
up  an  important  objed  in  mechanics.  In  fad  he  had  a 
particular  genius  for  making  experiments  ; his  notions 
weie  juit  and  delicate  ; and  he  knew  how  to  prevent  the 
inconveniences  or  liis  new  inventions,  and  had  a w'on- 
ii.eiful  full  in  executing  tliem.  He  died  of  an  infiam- 
rnation  in  his  bowels,  the  i ith  of  Odober  1705,  being 
only  42  years  of  age. 

1 he  eloge  of  Amontons  may  be  feen  in  the  volume  of 
the  hlemoiis  of  the  Academy  of  Sciences  for  the  year 
^^1^-  pa.  1)0.  And  his  pieces  contained  in 
the  dirfeient  volumes  of  that  work,  which  are  pretty 
Kuipcrous,  and  upon  various  fubjeds,  as  the  air,  adion 
of  flic,  barornctei's,  thermometers,  hygrometers,  fridion, 
machines,  heat,  cold,  rarefadions,  pumps,  &c,  may  be 
feen  in  tlie  volumes  for  the  years  1606,  1699,  J702, 
1703,  1 704,  and  1705. 

AMPHISCII,  or  Amp.h  rsciANS,  are  the  people 
wjo  inhabit  the  torrid  zone;  which  are  fo  called,  bccaufe 
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they  have  their  fliadow^  at  noon  turned  fometimes  onr 
way,  and  frtmetimes  another,  namely,  at  one  time  of 
the  year  towards  the  north,  and  at  the  other  towards  the 
foLith. 

AMPLITUDE,  in  gunnery,  the  range  of  the  projec- 
tile, or  the  right  line  upon  the  ground  fubtending  the 
curvilinear  path  in  which  it  moves. 

Amplitude,  in  afronomy,  is  an  arch  bf  the  t^orTzon, 
intercepted  between  the  true  eafl  or  well  point,'  and  the 
centre  of  the  fun  or  a ilar  at  Its  riling' Dr  fetting : fo 
that  the  amplitude  is  of  two' kinds  ; ortinoe  or  eafiern,  and 
occiduons  or  wellcrn.  Each  of  thefe  amplitudes  is  alfo 
either  northern  or  fouthern,  according  as  the  point  of 
rifing  or  fetting  is  in  the  northern  or  fouthern  part  of  the 
horizon  ; and  the  complement  of  the  amplitude,  or  the 
arch  of  dillancc  of  the  point  of  rifing  or  fetting,  frorrit 
the  north  or  fouth  point  of  the  horizon,  is  the  azimuth. 

The  amplitude  is  of  ufe  in  navigation,  to  find  the  va- 
riation of  the  compafs  or  magnetic  needle.  And  the 
rule  to  find  it  is  this  : As  the  cofine  of  the  latitude  is  to 
radius,  fo  is  tlie  fine  of  the  fun’s  or  liar’s  declination, 
to  the  fine  of  the  amplitude.  So  in  the  latitude  of  London, 
viz,  5 I®  3 p,  when  the  fun’s  declination  is  23°  28';  then 
cos.  51°  31'  the  lat.  - - — 9’7939907 

fin.  23  28  the  decl.  - -p  9*6001181 

fin.  39  47  the  ampl.  9*8061274 

T.  hat  is,  the  fun  then  rifes  or  fets  39°  47^  from  the  eafl 
or  well  point,  to  the  north  or  fouth  according  as  the 
declination  is  north  or  fouth. 

Magnetkal  Amplitude,  is  an  arch  of  the  horizon, 
contained  between  the  fun  or  liar,  at  the  rifing  or  fet- 
ting, and  the  magnetical  ealt  or  well  point  of  the  hori- 
zon, pointed  out  by  the  magnetical  compafs,  or  the 
amplitude  or  azimuth  compafs.  And  the  difference  be- 
tween this  magnetical  amplitude,  fo  obferved,  and  the 
true  amplitude,  as  computed  in  the  lall  article,  is  the 
variation  of  the  compafs. 

So  if,  for  inllance,  the  magnetical  amplitude  be  ob- 
ferved, by  the  compais,  to  be  61°  47^?  time  when 

it  is  computed  to  be  - 39  47, 


then  the  difference  - - 22  o is  the  variation  weft. 

ANABIBAZON,  a name  fometimes  given  to  the 
dragon’s  tail,  or  northern  node  of  the  moon. 

ANACAMPTICS,  or  the  fclence  of  the  refledllons 
of  lounds,  frequently  uled  in  reference  to  echoes,  which 
arc  faid  to  be  founds  produced  anacanipiically , or  by  re- 
ficdlion.  And  in  this  fenfe  it  was  ufed  by  the  ancients 
for  that  part  of  optics  which  is  otherwife  called  Catop- 
trics. 


ANACHRONISM,  In  Chronology  q an  error  in 
computation  of  time,  by  which  an  event  is  placed  earlier 
than  it  really  happened.  Such  is  that  of  Virgil,  who 
makes  Dido  to  reign  at  Carthage  in  the  time  of  Alneas, 
though,  in  reality,  (he  did  not  arrive  111  Africa  till  300 
years  after  the  tak’ng  of  Troy. 

An  error  on  the(>t!ier  fide,  by  which  a fa<ff  is  placed 
later,  or  lower  than  it  fhould  be,  is  called  a parachr onij tn » 
But  111  common  ufe,  this  ciiltiuflion,  though  proper,  is 
not  attended  to  ; and  the  word  atuichronijin  is  ufed  in- 
differently for  the  millake  on  both  fides, 

ANACIjAS  1 ICS,  or  An  aclatics,  an  ancient  name 
for  that  part  of  Optics  which  confiders  rcfiadted  lifrht ; 
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being  tbe  fame  as  what  Is  more  ufually  called  dioptrics^ 
See  the  Compendium  of  Amhrofius  Rhodius,  lib,  3.  Op- 
iica^pa*  384  Cf  feq, 

Anaclastic  Curves,  a name  given  by  M.  de  Malran 
to  certain  apparent  curves  formed  at  the  bottom  of  a 
veffel  full  of  water,  to  an  eye  placed  in  the  air  ; or  the 
fault  of  the  heavens,  fecn  by  refraction  through  the  at* 
irvofphere. 

M.  de  Mairan  determines  thefe  curves  by  a principle 
not  admitted  by  all  authors;  but  Dr.  Barrow,  at  the  end 
of  his  Optics,  determines  the  fame  curves  by  other  prin- 
ciples. 

ANALEMMA,  a planifphere,  or  projeClion  of  the 
fphere,  orthographically  made  on  the  plane  of  the 
meridian,  by  perpendiculars  from  every  point  of  that 
plane,  the  eye  fuppofed  to  be  at  an  infinite  diflance, 
and  in  the  eaii  or  weft  point  of  the  horizon.  In  this 
projeCfion,  the  foiftitial  colure,  and  all  its  parallels,  are 
projected  into  concentric  circles,  equal  to  the  real  cir- 
cles in  the  fphere  ; and  all  circles  whofe  planes  pafs 
through  the  eye,  as  the  horizon  and  its  parallels,  are  pro- 
jedted  into  right  lines  equal  to  their  diameters ; but  all 
oblique  circles  are  projected  into  ellipfes,  having  the  di- 
ameter of  the  circle  for  the  tranfverfe  axis. 

This  inftrument,  having  the  furniture  drawn  on  a 
plate  of  wood  or  brafs,  with  an  horizon  fitted  to  It, 
is  ufed  for  refolving  many  aftronomical  problems ; as 
the  time  of  the  fun^s  rifing  and  fetting,  the  length 
and  hour  of  the  day,  &c.  It  is  alfo  ufeful  in  di- 
alling, for  laying  down  the  figns  of  the  zodiac,  with 
the  lengths  of  days,  and  other  matters  of  furniture,  upon 
dials. 

The  oldeft  treatife  we  have  on  the  analemma,  was 
written  by  Ptolemy,  which  was  printed  at  Rome  in 
1562,  with  a commentary  by  F.  Commandine.  Pappus 
alfo  treated  of  the  fame.  Since  that  time,  many  other 
authors  have  treated  very  well  of  the  analemma  ; as 
Aguilonlus,  Taquet,  Dechales,  Witty,  &c. 

ANALOGY,  the  fame  as  proportion,  or  equality, 
or  fimilitude  of  ratios.  Which  fee. 

ANALYSIS,  Is,  generally,  the  refolution  of  any 
thing  into  Its  component  parts,  to  difeover  the  thing  or 
the  compofition.  And  In  mathematics  it  is  properly  the 
method  of  refolving  problems,  by  reducing  them  to 
equations.  Analyfis  vs\2i.j  be  diftinguifhed  into  the  ancient 
and  the  modern. 

The  ancient  analyfis,  as  defcribed  by  Pappus,  Is  the  me- 
thod of  proceeding  from  the  thing  fought  as  taken  for 
granted,  through  its  confequences,  to  fomething  that  is 
really  granted  or  known  ; In  which  fenfe  It  Is  the  reverfe 
of  fynthefis  or  compofition,  in  v/hich  we  lay  that  down 
frjl  which  was  the  lajl  ftep  of  the  analyfis,  and  tracing 
the  fteps  of  the  analyfis  back,  making  that  antecedent 
here  which  was  confequent  there,  till  we  arrive  at  the 
thing  fought,  which  was  taken  or  affumed  as  granted  in 
the  firft  ftep  of  the  analyfis.  This  chiefly  refpeCled 
, geometrical  enquiries. 

The  principal  authors  on  the  ancient  analyfis,  as  re- 
counted by  Pappus,  in  the  yth  book  of  his  Mathematical 
ColleBions,  are  Euclid  In  his  Data,  Porifmata,  ^ de  Locis 
ad  Superfeiem  ; Apollonius  de  Sedione  Rationis,  de  SeBione 
Upatiiyde  Tadionihus,  de  Inclinationibus,  de  Rods  Planis, 
& de  Sedionibus  Conicis  ; Arlftseus,  CcjAV/fj  / and 

Eratofthenes,  de  Mediis  P roportionallbrn ; from  which 


Pappus  gives  many  examples  in  the  fame  book.  To 
thefe  authors  we  may  add  Pappus  himfelf.  The  fame 
fort  of  analyfis  has  alfo  been  well  cultivated  by  many  of 
the  moderns  ; as  Fermat,  Vivlani,  Getaldus,  Snelllus, 
Huygens,  Simfon,  Stewart,  Lawfon,  &c,  and  more 
efpecially  Hugo  d’Omeriquc,  in  hh  Analyfs  Geometrica, 
in  which  he  has  endeavoured  to  reftore  the  Analyfis  of 
the  ancients.  And,  on  this  head,  Dr.  Pemberton  tells 
v>us  “that  Sir  Ifaac  Newton  ufed  to  cenfure  himfelf  for 
not  following  the  ancients  more  clofely  than  he  did;  and 
fpokc  with  regret  of  his  mi  (lake,  at  the  beginning  of 
his  mathematical  ihidies,  in  applying  himfelf  to  the 
works  of  Defcai'tes,  and  other  algebraical  writers,  before 
he  had  confidered  the  Elements  of  Euclid  with  that  at- 
tention fo  excellent  a writer  deferves : that  he  highly 
approved  the  laudable  attempt  of  Hugo  d’OmerIque  to 
reftore  the  ancient  analyfis.’’ 

In  the  application  of  the  ancient  analyfis  in  geometri- 
cabproblcms,  every  thing  cannot  be  brought  within  ftridt 
rules  ; nor  any  invariable  diredlions  given,  by  which  we 
may  fucceed  in  all  cafes  ; but  fome  previous  preparation 
is  necefiary,  a kind  of  mental  contrivance  and  conftruc- 
tion,  to  form  a connexion  between  the  data  quaftay 
which  muft  be  left  to  eveiy  one’s  fancy  to  find  out ; being 
various,  according  to  the  various  nature  of  the  problems 
propofed : Right  lines  muft  be  drawn  In  particular  di- 
re6lions,  or  of  particular  magnitudes  ; bifeifting  perhaps 
a given  angle,  or  perpendicular  to  a given  line  ; or  per- 
haps tangents  muft  be  drawn  to  a given  curve,  from  a 
given  point ; or  circles  defcribed  from  a given  centre, 
with  a given  radius,  or  touching  given  lines,  or  other 
given  circles  ; or  fuch-like  other  operations.  Whoever 
is  converfant  with  the  <works  of  Archimedes,  Apollonius, 
or  Pappus,  well  knows  that  they  founded  their  analyfis 
upon  fome  fuch  previous  operations ; and  the  great  Ikill 
of  the  analyft  confifts  in  difeovering  the  moft  proper  af- 
fedllons  on  which  to  found  his  analyfis  : for  the  fame 
problem  may  often  be  effe£led  in  many  different  ways  ; 
of  which  it  may  be  proper  to  give  here  an  example  or 
two.  Let  there  be  taken,  for  inftance,  this  problem, 
which  is  the  155  th  prop,  of  the  7th  book  of  Pappus. 

From  the  extremities  of  the  bafe  A,  B,  of  a given 
fegment  of  a circle,  it  Is  required  to  draw  two  lines  AC, 
BC,  meeting  at  a point  C in  the  circumference,  fo  that 
they  fhall  have  a given  ratio  to  each  other,  fuppofe  that 
of  F to  G. 

The  folution  of  this  problem,  as  given  by  Pappus,  is 
thus, 

' Analysis. 

Suppofe  the  thing  done,  and  lhat  the  point  C is  founds 
then  fuppofe  CD  is  drawn  a tangent  to  the  circle  at  C, 
an  d meeting  the  line  AB  produced  in  the  point  D.  Now 
by  the  hypothefis  AC  : BC  ; : F : G,  and  alfo  AC^  : 
BC^ ; : DA  ; DB,  as  may  be  thus  proved. 
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•D  is  coTTimon  to  both  the  triangles  DCA,  DCB  ; thefe 
.are  thei*efore  hmilar,  and  fo,  by  vi  4,  DA  : DC  : : DC  : 
DB,  and  hence  DA^  : DC-  : : DA  : DB  by  cor.  vi 
20.  But  alfo,  by  vi  4,  DA  : AC  : : DC  : CB,  and  by 
permutation  DA  " DC  : : AC  ; BC,  or  D A^  : DC^  ; : 
AC*- ; BC’^;  and  hence,  by  equality,  AC*  : BC* : : DA  : 
DB. 

But  the  ratio  of  AC*  to  BC*  is  given  by  prop.  LVII 
of  Simfon’s  edition  of  the  Data,  becaufe  the  ratio  of 
AC  to  BC  is  given,  and  confcquently  that  of  DA  to  DB 
is  given.  Now  fince  the  ratio  of  DA  to  DB  is  given, 
therefore  alio,  by  Data  vi,  that  of  DA  to  AB,  and 
hence,  by  Data  ii,  DA  is  given  in  magnitude. 

And  here  the  analyfis  properly  ends.  For  It  having 
been  fhewn  that  DA  is  given,  or  that  a point  D may  be 
•found  in  AB  produced,  fucli,  that  a tangent  being  drawn 
from  it  to  the  circumference,  the  point  of  contafl  will 
Be  the  point  fought ; we  may  now  begin  the  compo- 
fition,  or  fynthetical  demonllratlon ; which  mull  be  done 
by  finding  the  point  D,  or  laying  down  the  line  AD, 
Avhich,  it  vras  affirmed,  was  given,  in  the  lafl  ftep  of  the 
analyfis. 

Synthesis. 

ConJIrtidton,  Make  as  FD  G*  : : AD  : DB,  (which 
may  be  done,  fince  AB  Is  given,  by  making  it  as  F*  — 
G*  : G*  : : AB  ; DB,  and  then  by  compofition  it  will  be 
as  F*  : G*  : : AD  : DB) ; and  then  from  the  point  D, 
thus  found,  draw  a tangent  to  the  circle,  and  from  the 
point  of  contact  C drawing  CA  and  CB,  the  thing  is 
done. 

Dsmonjlration,  Since,  by  the  conflr.  F*  : G* : : 
AD  : DB,  and  alfo  AD  : DB  : : AC*  ; BC*,  which 
has  been  already  demonftrated  in  the  analyfis,  and  might 
be  here  proved  In  the  fame  manner.  Therefore  F*  ; 
G*  ; : AC*  : BC*,  and  confcquently  F ; G : ; AC  : 
BC.  E,  D, 

Here  we  fee  an  inlhmce  of  the  method  of  refolution 
and  compofition,  as  it  was  pra6lifcd  by  the  ancients,  the 
folution  here  given  being  that  of  Pappus  himfelf.  But  as 
the  method  of  referring  and  reducing  every  thing  to  the 
Data,  and  conllantly  quoting  the  fame,  may  appear  now 
to  be  tedious  and  troublefome  ; and  indeed  it  is  unne- 
ceflary  to  thofe  who  have  already  made  themfelves  ma- 
ilers, of  the  fubflance  of  that  valuable  book  of  Euclid, 
and  have  by  pradllce  and  experience  acquired  a facility 
of  reafoning  in  fuch  matters:  I fliall  therefore  now 
ffiew  how  we  may  abate  fomething  of  the  rigour  and 
llrift  form  of  the  ancient  method  of  folution,  without 
diminlfliing  any  part  of  its  admirable  elegance  and  per- 
fpiculty.  ^ And  this  may  be  done  by  thelnllance  of  ano- 
ther folution,  of  the  many  mBre  which  might  be  given, 
of  the  fame  problem,  as  follows. 

Analysis, 

Let  us  again  fuppofe  that  the  thing  Is  done,  viz  AC  : 
BC  : ; F : G,  and  let  there  be  drawn  BH  making  the 
angle  ABH  equal  to  the  angle  ACS,  and  meeting  AC 
produced  in  H.  Then,  the  angle  A being  alfo  com- 
mon, the  two  triangles  ABC  and  ABH  are  equiangular, 
and  therefore,  by  vi  4,  AC  : BC  : : AB  : BH,  in  a 
given  ratio ; and,  AB  being  given,  therefore  BH  is 
given  in  pofition  and  magnitude. 


Synthesis. 

Gonfrii^ion,  Draw  BH  making  the  angle  ABH 
equal  to  that  which  may  be  contained  In  the  given  feg- 
ment,  and  take  AB  to  BH  in  the  given  ratio  of  F to  G. 
Drmy  ACH,  and  BC. 

Demonfration.  The  triangles  ABC,  ABH  are  equi- 
angular, therefore,  vi  4,  AC  : CB  ; : AB  : BH,  which 
is  the  given  ratio  by  conllru6lion. 

Modern  Analysis,  confiHs  chiefly  of  algebra,  arith- 
metic of  inflnites,  infinite  feries,  increments,  fluxions, 
&c  ; of  each  of  which  a particular  account  may  be  feea 
under  their  refpe^live  articles. 

Thefe  form  a kind  of  arithmetical  and  fymbollcal  ana- 
lyfis, depending  partly  on  modes  of  arithmetical  com- 
putation, partly  on  rules  peculiar  to  the  fymbols  made 
ufe  of,  and  partly  on  rules  drawn  from  the  nature  and 
fpecies  of  the  quantities  they  reprefent',  or  from  the 
modes  of  their  exillence  or  generation. 

The  modern  analyfis  is  a general  inilrument  by  which 
the  fined  inventions  and  the  greated  improvements  have 
been  made  in  mathematics  and  philofophy,  for  near  two 
centuries  pad.  It  furniflies  the  mod  perfect  examples  of 
the  manner  in  which  the  art  of  reafoning  fliould  be  em- 
ployed ; it  gives  to  the  mind  a wonderful  fltill  for  dif- 
coverlng  things  unknown,  by  means  of  a fmall  number 
that  are  given  ; and  by  employing  ffiort  and  eafy  fym- 
bols for  exprefling  ideas,  it  prefents  to  the  underdanding 
things  which  otherwife  would  feem  to  lie  above  Its  fphere. 
By  this  means  geometrical  demondrations  may  be  greatly 
abridged  : a long  train  of  arguments,  in  which  the  mind 
cannot,  without  the  greated  effort  of  attention,  difeover 
the  connexion  of  ideas,  is  converted  into  vifible  fym- 
bols ; and  the  various  operations  which  they  require,  arc 
Amply  effefted  by  the  combination  of  thofe  fymbols. 
And,  what  is  dill  more  exti-aordlnary,  by  this  artifice, 
a great  number  of  truths  are  often  exprefled  in  one  line 
only:  indead  of  which,  by  following  the  ordinary  way 
of  explanation  and  demonllration,  the  fame  truths  would 
occupy  whole  pages  or  volumes.  And  thus,  by  the  bare 
contemplation  of  one  line  of  calculation,  we  may  under- 
hand In  a fliort  time  whole  fciences,  which  otherwife 
could  hardly  be  comprehended  In  feveral  years. 

It  Is  true  that  Newton,  who  bed  knew  all  the  advan- 
tages of  analyfis  in  geometry  and  other  fciences,  laments, 
in  feveral  parts  of  his  works,  that  the  dudy  of  the  an-- 
clent  geometry  is  abandoned  or  negle(5led.  And  indeed 
the  method  employed  by  the  ancients  in  their  geome- 
trical writings,  is  commonly  rcgaided  as  more  rigor- 
ous, than  that  of  the  modern  analyfis  : and  thougli  it 
be  greatly  Inferior  to  that  of  the  moderns,  in  point  of 
difpatch  and  facility  of  invention  ; it  is  neverthclefs 
highly  ufcful  in  drengthening  the  mind,  improving  the 
reafoning  faculties,  and  in  accudoming  the  young  mathe- 
matician to  a pu^e,  clear,  and  accurate  mode  of  invefli- 
gation  and  demondration,  though  by  a long  and  labouved 
procefs,  which  he  would  with  difficulty  have  fubmitted 
to  if  his  tade  had  before  been  vitiated,  as  it  were,  bv 
the  more  piquant  fweets  of  the  modern  analyfis.  And 
it  is  principally  on  this  that  the  complaints  of  Newton 
are  founded,  who  feared  led  by  the  too  early  and  fre- 
quent ufe  of  the  modern  analyfis,  the  fcience  of  geometry 
ffiould  lofe  that  rigour  and  purity  which  charaderife  iu 
invedigatloiis,  and  the  mind  become  debilitated  by  the 
B 2.  facility 
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facility  of  our  analyfis.  This  great  man  was  therefore 
well  founderl,  in  recommending,  to  a certain  extent,,  the 
ftudy  of  the  ancient  geometricians:  for,  their  demon- 
ftrations  being  more  difficult,  give  more  exercife  to  the 
mind,  accufiom  it  to  a clofer  application,  give  it  a 
greater  fcope,  and  habituate  it  to  patience  and  refolution, 
fo  neceffary  for  making  difcoveries.  But  this  is  the 
only  or  principal  advantage  from  it ; for  if  we  fhould 
look  no  farther  than  the  method  of  the  ancients,  it  is 
probable  that,  even  with  the  befl;  genius,  we  fhould 
have  made  but  few  or  fmall  difcoveries,  in  comparifon 
of  thofe  obtained  by  means  of  the  modern  analyfis. 
And  even  with  regard  to  the  advantage  given  to  in- 
veftigations  made  in  the  manner  of  the  ancients,  namely 
of  being  more  rigorous,  it  may  perhaps  be  doubted 
whether  this  pretenfion  be  well  founded.  For  to  in- 
flance  in  thofe  of  Newton  himfelf,  although  his  de- 
monftrations  be  managed  in  the  manner  of  the  ancients  ; 
yet  at  the  fame  time  it  is  evident  that  he  Inveftigates 
his  theorems  by  a method  different  from  that  employed 
in  the  demonftrations,  which  are  commonly  analytical 
calculations,  difguifed  by  fubftituting  the  name  of  lines 
for  their  algebraical  value  : and  though  it  be  true  that 
his  demonftrations  are  rigorous,  it  is  no  lefs  fo 
that  they  would  be  the  fame  when  tranflated  and  deli- 
vered in  algebraic  language  ; and  what  difference  can  it 
make  in  this  refpedl,  whether  we  call  a line  AB,  or 
denote  it  by  the  algebraic  chara61;er  a P Indeed  this  lafl 
defignation  has  this  peculiarity,  that  when  all  the  lines 
are  denoted  by  algebraic  charadfers,  many  operations 
can  be  performed  upon  them,  without  thinking  of  the 
lines  or  the  figure.  And  this  circumftance  proves  of  no 
fmall  advantage ; the  mind  is  relieved,  and  fpared  as 
much  as  poffible,  that  its  whole  force  may  be  employed 
in  overcoming  the  natural  difficulty  of  the  problem 
alone. 

Upon  the  whole  therefore  the  flatc  of  the  comparifon 
feems  to  be  this ; That  the  method  of  the  ancients  is 
litteft  to  begin  our  ftudies  with,  to  form  the  mind  and 
to  eftablllh  proper  habits ; and  that  of  the  moderns  to 
fucceed,  by  extending  our  views  beyond  the  prefent 
limits,  and  enabling  us  to  make  new  difcoveries  and 
improvements. 

Analyfis  is  divided,  with  rcfpedl  to  its  objecf,  into  that 
of  fnltes,  and  that  of  infinites* 

Analyfis  of  fnite  quantities^  is  what  is  otherwife  called 
Agebra,  or  fpecious  arithmetic. 

Analyfis  of  infinites^  called  alfo  the  new  analyfis ^ is 
that  which  is  concerned  in  calculating  the  relations  of 
quantities  which  are  coiifidered  as  infinite,  or  infinitely 
little  ; one  of  its  chief  branches  being  the  method  of  ' 
fuxions,  or  the  difierential  calculus.  And  the  great  ad- 
vantage of  the  modern  mathematicians  over  the  ancients, 
arifes  chiefly  from  the  ufe  of  tliis  modern  analyfis. 

An  ALYsis  of  powers^  is  the  fame  as  refolving  them 
into  their  roots,  and  is  otherwife  called  evolution. 

Analysis  of  curve  lines,  fhews  their  conftitution, 
nature  and  properties,  their  points  of  inflexion,  ftation, 
retrogradation,  variation,  &c. 

ANALYST,  a perfon  who  analyfes  fomething,  or 
makes  ufe  of  the  analytical  method.  In  mathematics, 
it  is  a perfon  fkilled  in  algebra,  or  in  the  mathematical 
analyfis  in  geneial. 


Analyst,  the  title  of  an  ingenious,  though  fophifti- 
cal  book,  written  by  the  celebrated  Dr,  Berkeley, 
againft  the  dodftrine  of  fluxions. 

ANALYTIC,  or  Analytic  AL,  fomething  belong- 
ing to,  or  partaking  of,  the  nature  of  analyfis;  or  per- 
formed by  the  method  of  analyfis. 

Thus  we  fay  analytical  demonftration,  analytical  en- 
quiry, analytical  table  or  fclieme,  analytical  method,  &c. 
The  analytical  Hands  oppofed  to  the  fynthetical,  or  that 
which  proceeds  by  the  way  of  fynthefs. 

ANALYTICS,  the  fclence,  or  doftrine,  and  ufe, 
of  analyfis. 

ANAMORPHOSIS,  in  perfpe61ive  and  painting, 
a monftrous  projection;  or  a reprefentation  of  fome 
image,  either  on  a plane  or  curve  furface,  deformed 
or  diftorted;  but  which  in  a certain  point  of  view  fhall 
appear  regular,  and  drawn  in  juft  proportion. 

To  cofiruEl  an  Anamorphofis , or  monjlrous  projeliion,  on 
a plane. — Draw  the  fquare  ABCD  (fig.  1),  of  any 
fize  at  pleafure,  and  divide  it  by  croffing  lines  into  a 
number  of  areolae  or  fmaller  fquares : and  then  in  this 
fquare,  or  reticle,  called  alfo  the  'craticular  prototype, 
draw  the  regular  image  which  is  to  be  diftorted. — Or, 
about  any  Image,  propofed  to  be  diftorted,  draw  a re- 
ticle of  fmall  fquares. 


Then  draw  the  line  ah  (fig.  2,)  equal  to  AB,  di- 
viding it  into  the  fame  number  of  equal  parts,  as  the 
fide  of  the  prototype  AB  ; and  on  its  middle  point 
E ereft  the  perpendicular  EV,  and  alfo  V S perpendi- 
cular to  EV,  making  EV  fo  much  the  longer,  and  VS 
fo  much  the  fliorter,  as  it  is  intended  the  image  fliall  be 
more  diftorted.  From  each  of  the  points  of  divifion  draw 
right  lines  to  the  point  V,  and  draw  the  right  line  ^rS. 
Laftly  through  the  points  <■,  e,f,g,  &c,  draw  lines  parallel 
to  ah:  So  fhalh/^rJbe  the  fpace  upon  which  the  monftrous 
projection  is  to  be  drawn;  and  is  called.the  craticular  etlype.. 

Then,  in  every  areola,  or  fmall  trapezium,  of  tne 
fpace  ahed,  draw  what  appears  contained  in  the  corre- 
fponding  areola  of  the  original  fpace  ABCD  : fo  fliall 
there  be  produced  a deformed  image  In  the  fpa.de  abed, 
which  yet  will  appear  in  juft  proportion  to  an  eye  diftant 
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from  it  the  length  of  EV,  and  raffed  above  it  by  a 
height' equal  to  VS. 

It  v/ill  be  amiifingto  contrive  it  fo,  that  the  deformed 
image  may  not  reprefent  a mere  chaos,  but  fome  certain 
figure:  thus,  a river  with  foldiers,  waggons,  and  other 
objects  on  the  fide  of  it,  have  been  fo  drawn  and  dif- 
torted,  that  when  viewed  by  an  eye  at  S,  it  appeared 
like  the  face  of  a fatyr. 

An  image  may  alfo  be  didorted  mechanically,  by 
perforating  through  in  feveral  places  with  a fine  pin  ; 
then,  placing  it  againd  a candle  or-lamp,  obferve  where 
the  rays,  which  pafs  through  thefe  fmall  holes,  fall  on 
any  plane  or  curve  fuperficies ; for  they  will  give  the 
eorrefpondent  points  of  the  image  deformed,  and  by 
means  of  which  the  deformation  may  be  completed. 

’To  dra'ii)  an  Anamorph(^is''iipon  the  convex  furface  of 
a cone.  It  appears  from  the  conftrudlion  above,  that  we 
have  only  to  make  a craticular  edtype  upon  the  furfacc 
of  the  cone,  vrhich  may  appear  equal  to  the  craticular 
prototype,  to  an  eye  placed  at  a proper  height  above 
the  vertex  of  the  cone.  Hence, 

Let  the  bafe,  Or  circumference,  ABCD,  of  the  cone 
(fig.  3)  be  divided  by  radii  into  any  number  of  equal 
parts  ; and  let  fome  one  radius  be  likewife  divided  into 
equal  parts  ; then  through  each  point  of  dlvifion  draw 
concentric  circles  fo  lhall  the  craticular  prototype  be 
formed. 


With  double  the  diameter  AB,  as  a radius,  defcrlbe 
tlie  quadrant  EFG  (fig.  4)  fo  as  tlie  arch  EG  be 
equal.to  the  whole  periphery  ; then  this  quadrant,  being 
plied  or  bent  round,  will  form  the  fuperficies  of  a cone, 
whofe  bafe  is  the  circle. 

Next  divide  the  arch  EG  into  tlie  fame  number  of 
equal  parts  as  the  craticular  prototype  is  divided  into  ; 
and  draw  radii  from  all  the  points  of  divifion.  Produce 
GF  to  I,  fo  that  FI  be  equal  to  FG  ; and  from  the  centre 
I,  with  the  radius  IF,  deferibe  the  quadrant  FKH  ; and 
draw  the  right  line  IE.  Then  divide  the  arch  KF  in- 
to the  fame  number  of  equal  parts  as  the  radius  of  the 
craticular  prototype  is  divided  into;  and  from  the  centre 
I draw  radii  through  all  the  points  of  divllion,  meetlnn* 
EF  L 2,  3,  &c.  Laftly,  from  the  centre  F,  with 
the  radii  Fi,  F2,  F3,  6ec,  deferibe  concentric  circles. 
So  will  the  craticular  edlype  be  formed,  whofe  areolas 
will  appear  equal  to  each  other. 

Hence,  what  is  delineated  in  every  areola  of  the  cra- 
ticular prototype,  being  transiened  into  the  areolas  of 
the  craticular  edlype,  the  Images  will  be  dillorted  or 
deformed;  and  yet  they  will  appegtr  in  jull  propoition 


to  an  eye  elevated  above  the  vertex  at  a height  equal  to 
the  height  of  the  cone  Itfelf. 

If  the  chords  of  the  quadrants  be  drawn  in  the  cra- 
ticular prototype,  and  chords  of  each  of  the  4th  parts 
in  the  craticular  edlype,  every  thing  elfe  remaining  the 
fame,  there  will  be  obtained  the  craticular  eftype  In  a 
quadrangular  pyramid. 

And  hence  it  will  be  eafy  to  deform  an  image,  in 
any  other  pyramid,  whofe  bafe  Is  any  regular  polygon. 

Becaufe  the  illulion  is  more  perfedi  when  the  eye,  by 
the  contiguous  objedts,  cannot  eftimate  the  dIfiance  of 
the  parts  of  tire  deformed  image,  It  is  therefore  proper 
to  view  It  through  a fmall  hole. 

Anamorphofes,  or  monllrous  images,  may  alfo  be 
made  to  appear  in  their  natural  fhape  and  jull  propor- 
tions, by  means  of  mirrors  of  certain  fhapes,  from  which 
thofe  images  are  refledled  again  ; and  then  they  are  faid 
to  be  refoi'med. 

For  farther  particulars,  fee  Wolfius’s  Catoptrics  and 
Dioptrics^  and  fome  other  optical  authors. 

ANAPHORA,  in  AJlroiogy^  the  fecond  houfe,  or 
that  part  of  the  heavens  which  Is  30  degrees  from  the 
horolcope. 

The  term  anaphora  is  alfo  fometlmes  applied  pro- 
mifeuoufiy  to  fome  of  the  fucceeding  houfes,  as  the  5th, 
the  8th,  and  the  iith.  In  this  fenfe  anaphora  is  the 
fame  epanaphora^  and  (lands  oppofed  to  cataphora. 

ANASTRCUS figns^y'^  AJlronomy^  a name  given  to 
the  duoclecatemoria^  or  the  i 2 portions  of  the  ecliptic, 
which  the  figns  poffeflTed  anciently,  but  have  fince  de- 
ferted  by  the  preceffion  of  the  equinox. 

ANAXAGORAS,  one  of  the  mod  celebrated  phi- 
lofophers  among  the  ancients.  He  was  horn  at  Clazo- 
mene  in  Ionia,  about  the  70th  Olympiad.  He  was  a 
difciple  of  Anaximenes  ; and  he  gave  up  his  patrimony, 
to  be  more  at  leifure  for  the  lludy  of  philofophy,  giving 
ledlures  in  that  fclence  at  Athens.  Being  perlecuted 
in  this  place,  and  at  lad  baniihed  from  It,  he  opened  a 
fcliool  at  Lampfacum,,  where  he  was  greatly  honoured 
during  Iris  life,  and  dill  more  after  his  death,  datues 
having  l.een  eredled  to  his  memory.  It  is  faid  he  made 
fome  prcdicdlons  relative  to  the  phenomena  of  nature, 
as  earthquakes  &c,.iipon  which  he  wrote  fome  treatifes. 
His  principal  tenets  may  be  reduced  to  the  following : — 
All  things  were,  in  the  beginning  confuiedly  mixed  to- 
gether, without  order  and  without  motion.  The  prin- 
ciple of  things  is  at  the  fame  time  one  and  multiplex, 
which  had  the  ua.me  of  homo-merles^  or  fimilar  particles,, 
deprived  of  life.  But  there  is  befide  this,  from  all 
eternity,  another  principle,  an  infinite  and  incorporeal 
fpirit,  who  gave  motion  to  thefe  particles ; in  virtue  of 
which,  fuch  as  are  homogeneal  united,  and  fuchaswere 
hetcrogeneal  feparated  according  to  their  different  kinds* 
All  things  being  thus  put  Into  motion  by  the  fpirit,  and 
every  thing  being  united  to  fuch  as  are  fimilar,  thofe 
that  had  a circular  motion  produced  heavenly  bodies, 
the  lighter  particles  afeending,  while  thofe  that  were 
heavier  defeended.  The  rocks  of  the  earth,  being  drawn 
up  by  the  whirling  force  of  the  air,  took  fire,  and  became 
liars,  beneath  which  the  fun  and  moon  took  their ilations. 
— It  was  laid  he  alfo  wrote  upon  the  ^ladrature  of  the 
Circle ; the  treatife  upon  which,  Plutarch  fays,  he 
compofed  during  his  imprifonment  at  Athens, 
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ANAXIMANDER,  a very  celebrated  Greek  pbi- 
lofopher,  was  born  at  Miletus  in  the  42d  olympiad  ; for, 
according  to  Apollodorus,  he  was  64  years  of  age  in  the 
2d  year  of  the  58th  olympiad.  He  was  one  or  the  firft 
who  publicly  taught  philofophy,  and  wrote  upon  phi- 
lofophical  fubjefts.  He  was  the  kinfman,  companion, 
and  difciple  of  Thales.  He  wrote  alfo  upon  the  fphere 
and  geometry,  dec.  And  he  carried  his  refcarches  into 
nature  very  far,  for  the  time  in  which  he  lived.  It  is 
faid 'that  he  difeoveredthe  obliquity  of  the  zodiac;  that 
he  firft  publiflit'd  a geographical  table ; that  he  invented 
the  gnomon,  and  fet  up  the  lirft  fun-dial  in  an  open 
place  at  Lacedtemon.  He  taught,  that  infinity  of 
things  was  the  principal  and  univeifal  element ; that 
this  infinite  always  prelerved  its  unity,  but  that  its  parts 
underwent  changes;  that  all  things  came  from  it ; and 
that  all  were  about  to  return  to  it.  By  this  obfeure  and 
indeterminate  principle  he  probably  meant  the  chaos  of 
other  philofophers.  He  held  that  the  worlds  are  infinite ; 
that  the  ftars  are  compofed  of  air  and  fire,  which  are 
carried  about  in  their  fphei  es,  and  that  thefe  fpheres  are 
gods ; and  that  the  earth  is  placed  in  the  midft  of  the 
iiniverfe,  as  in  a common  centre.  Farther,  that  infinite 
worlds  were  the  produce  of  infinity;  and  that  corruption 
.proceeded  from  feparation. 

ANAXIMENES,  an  eminent  Greek  philofopher, 
born  at  Miletus,  the  friend,  fcholar,  and  fiicceftbr  of 
Anaximander.  He  diffufed  fome  degree  of  light  upon  the 
•obfeurity  of  his  mafter’s  fyftem.  He  made  the  firft  prin- 
ciple of  things  to  confift  in  the  air,  which  he  confidered  as 
infinite  or  immenfe,  and  to  which  he  aferibed  a perpetual 
motion  ; that  this  air  was  the  fame  as  fpirit  or  God, 
fince  the  divine  power  refided  in  it,  and  agitated  it. 
The -ftars  were  as  fiery  nails  in  the  heavens;  the  fun  a 
fiat  plate  of  fire  ; the  earth  an  extended  flat  furface,  8cc, 
ANDERSON  (Alexander),  one  of  the  brighteft 
ornaments  of  the  mathematical  world,  who  flonrifhed 
about  zoo  years  ago.  He  was  born  at  Aberdeen  in 
Scotland,  it  would  feem  towards  the  latter  part  of  the 
16th  century,  as  he  was  profeflbr  of  mathematics  at 
Paris  in  the  early  part  of  the  17th,  where  he  publirhed 
feveral  ingenious  works  in  geometry  and  algebra,  both 
of  his  own,  and  of  his  friend  Vietak,  Thus  he  pub- 
lifhedhis  “Supplementum  Apollonii  Redivivi;  (of  Ghe- 
taldus)  five  analyfis  probletnatis  haftenus  defiderati  ad 
Apollonii  Ferg^i  dodfrinam  -KTspi  y£t'5-='&'v,  a Marino  Ghe- 
taldo  Patritio  Ragufino  hujufque,  non  ita  pridem  refti- 
tutam.  In  qua  exhibetur  mcchanice  jequalitatum  tertii 
gradus  five  folidarum,  in  quibus  magnitude  omnino  da- 
ta, sequatur  homogeneae  fiib  altero  tuntum  coefficiente 
ignoto.  Huic  fubnexa  eft  variorum  problematum  prac- 
tice.” Paris,  1612,  in  qto. 

AmoXoyka : Pro  Zetetico  Apolloniani  problematis 
a fe  jam  pridem  edito  in  fupplemento  Apollonii  Redi- 
vivi. Ad  clariffimum  & ornatiflimum  virum  Marinum 
Ghetaldum  Patritium  Ragiifinum,  In  qua  ad  ea  quae 
obiter  mihi  perftrinxit  Ghetaldus  refpondetur,  & ana- 
lytices  clarlus  detegitur.”  Paris,  1615,  in  4to. 

He  publllhed  alfo, 

“ Francifei  Vietas  Fontenacenfis  de  Aequationum 
Recognitione  & Eraendatione  Tradlatus  duo.”  Paris, 
1615,  in  4to  ; with  a Dedication,  Preface,  and  an 
Appendix,  by  Anderfon, 


And  Vietak  Angulares  Sedlioncs,  with  the  DemoR- 
ftrations  by  Anderfon. 

Alexander  was  coufin  german  to  a Mr.  David  Ander- 
fon, of  Finihaugh,  a gentleman  who  alfo  pofTefled  a fin- 
gular  turn  for  mathematical  and  mechanical  knowledge^ 
This  mathematical  genius  was  hereditary  in  the  family 
of  the  Anderfons,  and  from  tliem  it  feems  to  have  been 
tranfmitted  to  their  defeendants  of  the  name  of  Grego- 
ry in  the  fame  country : the  daugliter  of  the  faid  Da- 
vid Anderfon  having  been  the  mother  of  the  celebrated 
mathematician  James  Gregory,  and  who  herfelf  firft 
inftrudted  her  Ton  James  in  the  elements  of  the  Mathe- 
matics, upon  her  obfervlng  in  him,  while  yet  a child,  a 
ftrong  propenfity  to  thofe  fciences. 

The  time  either  of  the  birth  or  death  of  our  author 
Alexander,  has  not  come  to  my  knowledge. 

ANDROGYNOUS,  an  appellation  given,  byaftro- 
logers,  to  fuch  of  the  planets  as  are  foraetiraes  hot,  and 
fometimes  cold  ; as  mercury,  which  is  accounted  hot  and 
dry  when  near  the  fun,  and  cold  and  molft  when  near  the  ' 
nioon. 

ANDROMEDA,  in  AJlronom^^  a conftellation  of 
the  northern  hemifphere,  reprefenting  the  figure-  of  a 
woman  almoft  naked,  her  feet  at  a diftance  from  each 
other,  and  her  arms  extended  and  chained  ; being  one 
of  the  original  48  afterlfms,  or  figures  under  which  the 
ancients  comprehended  the  ftars,  as  derived  to  us  from 
the  Greeks,  who  probably  had  them  from  the  Egyp- 
tians or  Indians,  and  who.  It  Is  fufpe(fted,  altered  their 
names,  and  accompanied  them  with  fabulous  ftories 
of  their  own.  According  to  them,  Cepheus,  the  father 
of  Andromeda,  was  obliged  to  give  her  up  to  be  de- 
voured by  a monfter,  to  preferve  his  kingdom  from  the 
plague ; but  that  (he  was  delivered  by  Perfeus,  who  flew 
the  monfter,  and  efpoufed  her.  And  the  family  were 
all  tranflated  by  Minerva  to  heaven,  the  mother  being 
the  conftellation  Cafliopeia. 

She  Is  fometimes  called,  in  Latin,  Perfea^  Mulier  ca^ 
tenata^  Virg«  devota^  &c.  The  Arabians,  whofe  reli- 
gion did  not  permit  them  to  draw  the  figure  of  the 
human  body  on  any  occafion  whatever,  have  changed 
this  conftellation  Into  the  figure  of  a fea-calf.  Schickaid 
has  changed  the  name  for  that  of  the  feripture  name 
Ahtgatl.  And  Schiller  has  alfo  changed  the  figure  of 
the  conftellation)  for  that  of  a.  fepulchfe,  and  calls  it 
the  Holy  Sepulchre* 

This  conftellation  contains  about  27  ftars  tliat  are 
vifible  to  the  naked  eye ; of  which  the  principal  arc,  ct. 
Andromeded s head ; ^ in  the  girdle,  and  C'dlled  j-airach  or 
mizar ; y on  the  fouth  foot,  and  named  alamahy  and 
fometimes  alhames. 

The  number  of  ftars  placed  in  this  conftellation  by 
the  catalogue  of  Ptolemy  is  23,  by  that  of  Tycho  Brahe 
alfo  23,  by  that  of  Hevellus  47,  and  by  that  of  Flam- 
fteed  66. 

ANEMOMETER,  an  inftrument  for  raeafuring  the 
force  of  the  wind. 

An  Inftrument  of  this  fort,  it  feems,  was  firft  in- 
vented by  Wolfius  in  the  year  1708,  and  firft  publlfhed 
in  his  Areometry  in  1 709,  alfo  in  the  Ada  Erudttorum 
of  theTame  year  ; afterwards  in  his  Mathematical  D'lc^ 
tionary^  and  in  his  Elem.  Mathefeos.  He  fays  he  tried 
th<?  goodnefs  of  it,  and  obferves  that  the  internal  ftruc- 
a ture 
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tnre  may  be  preferved,  fo  as  to  meafure  the  force  of  run-* 
ning  water,  or  that  of  men  or  horfes  when  they  draw 
or  pull.  The  machine  confifts  of  fails,- A,  B,  C,.  like 
thofe  of  a wind-mill,  againft  which  the  wind  blows,  and 
by  turning  them  about,  ralfes  an  arm  K with  a weight 
T upon  it,  to  different  angles  of  elevation,  Hiewn  by 
the  index  M,  according  to.  the  force  of  the  wind.-  ('Plate 
III.  %.  3) 

In  the  Philof.  Tranf.  another  anemometer  is  de- 
feribed,  in  which  the  wind  being  fuppofed  to  blow 
direftly  againft  a flat  fide,  or  board,  which  moves  along 
the  graduated  arch  of  a quadrant,  the  number  of  degrees 
it  advances  fhews  the  comparative  forceof  the  wind. 

In  the  fame  Tranfadlions,  for  the  year  1766,  Mr. 
Alex.  Brice  deferibes  a method,  fuccefsfully  praCllfed 
by  him,  of  meafuring  the  velocity  of  the  wdnd,  by 
means  of  that  of  the  fhadow  of  clouds  pafling  over  a 
plane  upon  the  earth. 

Alfo  in  the  fame  Tranfadllons,  for  the  year  1775, 
Dr.  Lind  gives  a defeription  of  a very  ingenious  port- 
able r/ind-Gnnge^  by  which  the  force  of  the  wind  is 
eafily  meafured  ; a brief  defeription  of  the  principal 
parts  of  which  here  follows.  This  Ample  inllrumcnt 
confifts  of  two  glafs  tubes,  AB,  CD,  (Plate  III.  fig.  4.) 
which  fhould  not  be  lefs  than  8 or  9 Inches  long,  the 
bore  of  each  being  about  of  an  inch  diameter,  and 
conncdftd  together  by  a fmall  bent  glafs  tube  ah^  only 
of  about  <^f  an  inch  diameter,  to  check  the  undula- 
tions of  the  water  caufed  by  a bidden  guft  of  wind. 
On  the  upper  end  of  the  leg  AB  is  fitted  a thin  metal 
tube,  which  is  bent  perpendicularly  outwards,  and 
having  its  mouth  open  to  receive  the  wind  blowing 
horizontally  into  it.  The  two  tubes,  or  rather  the  two 
branches  of  the  tube,  are  connedfed  to  a fteel  fplndle  KL 
by  fl  ips  of  brafs  near  the  top  and  bottom,  by  the  fockets 
of  which  at  e and  f the  whole  inftrument  turns  eafily 
about  tlie  fpindle,  which  is  fixed  into  a block  by  a 
ferew  in  its  bottom,  by  the  wind  blowing  in  at  the 
orifice  at  F.  When  trie  Inftrument  is  ufed,  a quantity 
of  water  is  poured  in,  till  the  tubes  are  about  half  full ; 
then  expofing  the  inftrument  to  the  wind,  by  blowing  in 
at  the  orifice  F,  it  forces  the  water  down  lower  in  the 
tube  AB,  and  ralfes  it  fo  much  higher  in  the  other  tube  ; 
and  the  diftance  between  the  furfaccs  of  the  water  in 
the  two  tubes,  eftimated  by  a fcale  of  inches  and  parts 
HI,  placed  by  the  fides  of  the  tubes,  will  be  the  height 
of  a column  of  water  whole  weight  is  equal  to  the  force 
or  momentum  of  the  wind  blowing  or  ftriklng  againft  an 
equal  bafe.  And  as  a cubic  foot  of  water  weighs  icoo 
ounces,  or  62^  pounds,  the  12th  part  of  which  is 
or  3-I  pounds  nearly,  therefore  for  every  inch  the  furface 
of  the  water  is  railed,  the  force  of  the  wind  will  be  equal 
to  fo  many  times  pounds  on  a fquaie  foot.  Thus, 
fuppofe  the  water  ftand  3 inches  higher  in  the  one  tube, 
than  in  the  other;  then  3 times  or  15^  pounds  is 
equal  to  the  preffure  or  force  of  the  wind  on  the  furface 
of  a foot  fquare. 

This  inftrument  of  Dr.  Lindas,  mcafures  only  the 
force  or  momentum  of  the  wdnd,  but  not  its  velocity. 
However  the  velocity  of  the  wind  may  be  deduced  from 
its  force  fo  obtained,  by  help  of  fome  experiments  per- 
formed by  me  at  the  Royal  Military  Academy,  in  the 
years  1786,  1787,  and  1788  ; from  w’hich  experiments 
it  appears  that  a plane  furface  of  a fquare  foot  fuffers  a 


refiftance  of  12  ounces  from  the  wind,  when  blowing' 
with  a velocity  of  20  feet  per  fecond  ; and  that  the  force 
is  nearly  as  the  fquare  of  the  velocity.  Hence  then, 
taking  the  force  of  1 5|- pounds,  above  found  for  the 
force  of  the  wind  when  it  fuftains  3 inches  of  water,  and 
taking  the  fquare  roots  of  the  forces,  it  will  be,  as  v/ 1 2 
: : : 20  ; 21^  the  '4th  proportional,  that  is  a 

velocity  of  22f  feet  per  fecond,  or  15  miles  per  hour, 
is  the  rate  or  velocity  at  wdiich  the  wind  blows,  when  it 
raifes  the  water  3 inches  higher  in  the  one  tube  than 
the  other.  And  farther,  as  the  faid  height  is  as  the 
force,  and  the  force  as  the  fquare  of  the  velocity,  we 
/hall  have  the  force  and  velocity,  correfponding  to  fe- 
veral  heights  of  the  water  in  the  one  tube,  above  that 
in  the  other,  as  in  the  following  table. 

7 able  of  the  correfponding  height  of  nvater,  force  on  a 
fquare  foot,  and  velocity  of  vuind. 

In  one  inftance  Dr. 
Lind  found  that  the 
force  of  the  wind  was 
Inch  as  to  be  equal  34-,^ 
pounds,  on  a fquare 
foot  ; and  this  by  pro- 
portion, in  the  follow- 
ing table,  will  be  found 
, to  anfwer  to  a velocity 
of  23-^  miles  per  hour. 


Height  ol 
vvatsr. 

Force  of 
wind. 

Velocity  of 
wind  per  hour. 

Inches. 

Ot 

Of 

Founds. 

Miles. 

4*5 

6-4 

1 

5 • 2 

9 • 0 

2 

10  * 4 

T 2 • 7 

3 

15*6 

^5*5 

4 

20  • 8 

j 8 • 0 

5 

26  • 0 

20  * 1 

6 

31  *27 

22  • 0 

7 

36-5 

23-8 

8 

41  • 7 

25*4 

9 

d.6  • 9 

27  • 0 

10 

72  ' 1 

28  • 4 

1 1 

S7  *3 

29  • 8 

13 

62  • 5 

31  -o 

Mr.  Leutmann  improved  upon  Wolfius’s  anemometer, 
by  placing  the  fails  horizontal,  inllead  of  vertical,  which 
arc  eafier  to  move,  and  turn  what  way  foever  the  wind 
blows. 

Mr.  Benjamin  Martin  alfo  (Plate  III.  fig.  im- 
proved upon  the  fame.  He  made  the  axis  like  the 
fufee  of  a watch,  having  a cord  winding  upon  it,  with 
two  weights  at  the  ends  which  make  always  a balance 
to  the  force  of  the  wind  on  the  falls.  See  his  Philof. 
Britan. 

And  M.  D’Ons-en-Bray  invented  anew  anemometer, 
which  of  itfelf  exprelfes  on  paper,  not  only  the  feveral 
winds  that  have  blown  during  the  fpace  of  24]iour8, 
and  at  what  hour  each  began  and  ended,  but  alfo  the  - 
different  ftrength  or  velocity  of  each.  See  Mem.  Acad. 
Scienc.  an.  1734.  See  alfo  tlie  article  IFind-Gauge. 

ANEMOSCOPE,  Is  fometimes  ufed  to  denote  a 
machine  invented  to  foretell  the  changes  of  the  wind, 
or  weather  ; and  fometimes  for  an  inftrument  ftievving 
by  an  index  what  the  prefent  direction  of  the  wind  is. 
Of  this  latter  fort,  it  feems,  was  that  ufed  by  the  an- 
cients, and  deferibed  by  Vh’truvlus  ; and  we  liave  many 
of  them  at  prelent  in  large  or  public  buildings,  where 
an  index  v/lihlnfide  a room  or  hall,  points  to  the  name 
of  the  quarter  from  whence  the  wind  blows  without  ; 
which  is  fimply  effe61ed  by  conne^Iing  an  index  to  the 
lower  end  of  the  fplndle  of  a weather-cock. 


It 
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* It  has  been  obferved  that  hygrofcopes  made  of  cat- 
gut, Of  fach  like,  prove  very  good  anemofcopes  | feldom 
failing,  by  the  turning  of  the  index,  to  foretell  the 
Ihifting  of  the  wind.  See  accounts  of  two  different 
anemofcopes ; one  by  Mr.  Pickering,  vol.  43  Philof, 
Tranf.  the  other  by  Mr.  B.  Martin,  vol.  2 of  his  Philof. 
Britan. 

Otto  Gueric  alfo  gave  the  title  anemofcope  to  a 
machine  invented  by  him  to  foretell  the  change  of  the 
w^eather,  as  to  rain  and  fair.  It  confided  of  the  fmall 
wooden  figure  of  a man,  which  rofe  and  fell  in  a glafs 
tube,  as  the  atmofphere  was  more  orlefs  heavy.  Which 
w'^as  only  an  application  of  the  common  barometer,  as 
fhewn  by  M.  Couriers  in  tht  Eruditoriim  for  1684, 

ANGLE,  ylngulus^  in  Qeometry,  the  opening  or  mu- 
tual inclination  of  two  lines,  or  two  planes,  or  three 
planes,  meeting  in  a point  called  the  vertex  or  angular 
point.  Such  as  the  angle  formed  by,  or  between, 
the  two  lines  AB  and  AC,  at  the  vertex  or  angular 
point  A. — Alfo  the  two  lines  AB  and  AC,  are  called 
.the  legs  or  the  Jides  of  the  angle. 


Angles  are  fometimes  denoted,  or  named,  by  the 
fingle  letter  placed  at  the  angular  point,  as  the  angle  A ; 
and  fometimes  by  three  letters,  placing  always  that  of 
the  vertex  in  the  middle.  The  former  method  is 
ufed  when  only  one  angle  has  the  fame  vertex  ; and  the 
latter  method  it  is  neceffary  to  ufe  wdien  feveral  angles 
have  the  fame  vertex,  to  dillinguilh  them  from  one 
another. 

The  meafure  of  an  angle,  by  which  its  quantity  or 
magnitude  is  expreffed,  is  an  arch,  as  DE  deferibed 
from  the  centre  A,  with  any  radius  at  pleafure,  and 
contained  between  its  legs  AB  and  AC.^ — Hence 
angles  are  compared  and  diilinguifned  by  the  ratio  of 
the  arcs  which  fubtend  them,  to  the  whole  circum- 
■ference  of  tlie  circle;  or  by  the  nuiTiber  of  degrees 
contained  in  the  arc  DE  by  which  they  are  m.eafured, 
to  360,  the  number  of  degrees  in  the  whole  circum- 
ference of  the  circle.  And  thus  an  angle  is  faid  to  be 
of  fo  many  degrees,  viz,  as  are  contained  in  the  arc  DE. 

Hen  ce  it  matters  not,  with  what  radius  the  arc  is 
deferibed,  by  v.'hich  an  angle  is  meafured,  when  great 
or  Imall,  as  AD,  or  Ad,  or  any  other:  for  the  arcs 
DE,  de^  being  fimilar,  have  the  fame  ratio  as  their 
refpedlive  radii  or  circumferences,  and  therefore  they 
contain  the  fame  number  of  degrees. — Hence  it  follows, 
that  the  quantity  or  magnitude  of  the  angle  remains 
ffill  the  fame,  though  the  legs  be  ever  fo  much  in- 
creaied  or  diminifhed.-— And  thus,  in  fimilar  figures, 
the  like  or  correfpondlug  angles  are  equal. 

The  iahmg  or  mcrfur'ing  oi  angles,  is  an  operation  of 
•-great  ufe  and  extent  in  furveying,  navigation,  geo- 
- graphy,  aftronomy,  &c.  Axnd  the  inllruments  chiefly 
iUfed  lor  this  purpofe,  are  quadrants,  fextants.,  oStants, 


theodolites,  circumferentors,  &c.  Mr.  Hadley  invented 
an  excellent  inftrument  for  taking  the  larger  fort  of 
angles,  where  much  accuracy  Is  required,  or,  where 
the  motion  of  the  objebl,  or  any  clrcumflance  caufing 
an  unfteadinefs  in  the  common  inllruments,  renders  the 
obfervatlons  difficult,  or  uncertain.  And  Mr.  Dollund 
contrived  an  inffrument  for  meafuring  fmall  angles. 
See  Hadleyds  Quadrant,  Micrometer,  and  the  Philof. 
Tranf  Numbers  420,  425,  and  vol.  48. 

7o  meafure  the  ^Jantity  fan  Angle. 

I.  On  paper.  Apply  the  centre  of  a protractor  t/> 
the  vertex  A of  the  angle,  fo  that  the  radius  may  co- 
incide with  one  leg,  as  AB  ; then  the  degree  on  the 
arch' that  is  cut  by  the  other  leg  AC,  will  give  the 
meafure  of  the  angle  required. 

Or  thus,  by  a line  of  chords.  Take  off  the  chord  of 
60  with  a pair  of  compalfes  ; and  with  that  radius,  from 
the  centre  A,  deferibe  an  arc  as  DE.  Then  take  this 
arc  DE  between  the  compaffes,  and  apply  the  extent  to 
the  fcaie  of  chords,  which  will  give  the  degrees  in  the 
angle  as  before. 

M.  De  Lagny  gave,  in  feveral  msemoirs  of  the  Royal 
Academy  of  Sciences,  a new  method  of  meafuring 
angles,  which  he  called  Gonlometry,  The  method  con- 
fills  in  meafuring,  with  a pair  of  compaffes,  the  arc 
which  fubtends  the  propofed  angle,  not  by  applying  Its 
extent  to  a pre-conilriibled  fcaie,  like  chords,  but  in  the 
following  manner:  From  the  angular  point  as  a centre, 
with  a pretty  large  radius,  deferibe  a circle,  pioducing 
one  leg  of  the  angle  backwards  to  cut  off  a lemicircle  ; 
then  fearch  out  w'hat  part  of  the  femicircle  the  arc  is 
wTiIch  meafures  the  given  angle,  in  this  manner  ; viz, 
take  the  extent  of  this  arc  with  a very  fine  pair  of  com- 
paffes, and  apply  It  feveral  times  to  the  arc  of  the  femi- 
circle, to  find  how  often  it  is  contained,  v.dth  a fmall 
part  remaining  over  ; In  the  fame  manner  take  the  exr 
tent  of  this  fmall  part,  and  apply  it  to  the  fir  11  arc,  to 
find  how  often  it  is  contained  in  it ; and  what  remains 
this  2d  time,  apply  In  like  manner  to  the firll  remainder  ; 
then  the  3d  remainder  apply  to  the  2d,  and  fo  on, 
always  counting  how  often  the  lalt  remainder  Is  con- 
tained In  the  next  foregoing,  till  nothing  remain,  or  till 
the  remainder  is  inlenlible,  and  too  fmall  to  be  meafured  : 
Then,  beginning  at  the  lall,  and  returning  backwards, 
make  a feries  of  fradtions  of  which  the  numerators  are 
always  i,  and  the  denominators  are  the  number  of  times 
each  remainder  Is  contained  in  Its  next  remainder,  with 
the  fradlional  part  more,  as  derived  from  the  following 
remainder;  then  the  laft  fra61ion,  thus  obtained,  will 
fliew  what  part  the  given  angle  Is  of  180°  or  the  femi- 
circle ; and  being  turned  into  degrees  &c,  will  be  the 
meafure  of  the  angle,  and  nearer,  it  is  afferted,  than  it 
can  be  obtained  by  any  other  means ; whether  it  be 
meafuring,  or  calculating  by  trigonometrical  tables.— 
Thus,  If  ' it  be  required  to  meafure  the  angle  GFH : 
With  a large  radius  deferibe  the  femicircle  GHI, 
meeting  tlie  leg  FG  produced  In  I ; then  take  the  ex- 
tent of  the  arc  GH  in  the  compaffes,  and  applying  it 
from  G upon  the  femicircle,  fuppofe  It  contains  4 times 
to  the  point  4,  and  the  part  4 I over;  take  4 I and 
apply  it  from  H to  i,  fo  that  HG  contains  4 I once, 
and  I G over ; alfo  apply  this  remainder  to  the  former 
4 [,  and -it  contains  5 times,  from  4 to  5,  and  5 I over  ; 
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ajid  laflly  tlie  remainder  5 I is  jufl  two  times  con- 
tained in  the  former  remainder  i G or  12,  without 
any  remainder.  Here  then,  the  feries  of  quotients,  or* 
numbers,  of  times  contained,  are  4,  t,  5,  2 ; l]ierefore, 
beginning  at  the  lad,  the  firil  fraflion  is  ^ or  the  lail 
remainder  is  half  the  preceding  one  ; and  the  2d  frac- 
tion ie  ~ or  T I j the  3d  is — 7-  or  ^ 3 J ^I'^d  the  fourth  Is 
5® 

or  II  j,  that  IS,  the  arc  GH  is  ||  of  a,  feraiclrcle, 

4t2 

or  the  angle  GFH  is  | % of  two  right  angles,  or  of  i 80®, 
Vfhich  is  equivalent  to  37^  degrees,  or  37°  S'  34 

2.  On  tht  ground.  Place  a furveying  inilrument  with 
Its  centre  over  the  angular  point  to  be  meafured,  turn- 
ing the  inftrument  about  till  o,  the  beginning  of  its  arch, 
fall  in  the  line  or  direction  of  one  leg  of  the  angle  ; 
then  turn  the  Index  about  to  the  direction  of  the  other 
leg,  and  it  will  cut  off  from  the  arch  the  degrees  aii- 
fwering  to  the  given  angle. 

To  plot  or  lay  down  any  given  angle,  either  on  paper 
or  on  the  graund,  maybe  performed  in  the  fame  man- 
ner ; and  the  method  is  farther  explained  under  the 
articles  Plotting  and  Protr.'vcting,  and  under  the 
names  of  the  feveral  inftruments, 

‘To  htfe^  a given  angle^  as  fuppofe  the  angle  LKM, 
From  the  centre  K,  with  ^ny  radius,  defcribe  the  arc 
TM  ; then  with  the  centres  L and  M,  defcribe  two 
arcs  interfe6llng  in  N ; and  draw  the  line  KN,  which 
win  bife<5l;  the  given  angle  LKM,  divldiog  it  into  the 
two  equal  angles  LKM,  M KN. 


To  trifeEi  an  angle ^ fee  Trisection. 

Pappus,  in  his  Mathematical  ColIe(5lIons,  book  4, 
treats  of  angular  feclions,  but  particulaidy  and  more 
largely,  of  trifeclions.  He  alfo  treats  of  any  feCtion  in 
general,  in  the  36th  and  following  propofitions. 

Angles  are  of  various  kinds  and  denominations. 
With  regard  to  the  form  of  their  legs,  they  are  di- 
vided Into  rectilinear,  curvilinear,  and  mixed. 

Rectilinear,  or  right-lined  Angle,  is  that  whofe  legs 
are  both  right  lines;  as  the  foregoing  angle  CAB. 

Curvilinear  A^iGh-E,  is  that  whofe  legs  are  both  of 
them  curves. 

Mixt,  or  mixtlUnear  Angle,  is  that  of  which  one 
leg  is  a right  line,  and  the  other  a curve. 

With  regard  to  their  magnitude,  angles  are  again  di- 
vided into  right  and  oblique,  acute  and  ohtufe. 

Right  Angle,  is  that  which  is  foi'med  by  one  line 
perpendicular  to  another ; or  that  which  is  fubtended 
by  a quadrant  of  a circle.  As  the  angle  BAC. — There- 
fore the  meafure  of  a right  angle  is  a quadrant  of  a 
circle,  or  90° ; and  confequently  all  right  angles  are 
equ?d  to  each  other. 

Oblique^  Angle,  Is  a common  name  for  any  angle  that 
IS  not  a right  one  ; and  it  is  either  acute  or  obkife^ 
V0L,I.  ^ 


Acute  Angle,  is  that  which  is  lei’s  than  a right 
angle,  or  lefs  than  90  degrees ; as  the  angle  BAH. 
And 

Ohiuje  h'UG'LE,  is  greater  than  aright  angle,  or  whofe 
meafure  exceeds  90  degrees  ; as  the  angle  BAE. 

With  regard  to  their  iituation  in  refpeCt  of  each 
other,  angles  are  diilinguiilied  into  contiguous,  adjacent, 
vertical,  oppofiie,  and  alternate. 

Contiguous  Angles,  are  I'uch  as  have  the  fame  vertex, 
and  one  Itg  common  to  both.  the  angles  BAD, 
CAD,  which  have  AD  common.  . 

Adjacent  Angles,  are  thofe  of  which  a leg  of  the 
one  produced  lorms-a  leg  of  the  other : as  the  angles 
GFH  and  IFH,  which  have  the  legs  IF  and  FG  in  a 
ftraight  line. — Ideiice  adjacent  angles  are  fupplements' 
to  each  other,  making  together  180  degrees.  Ami 
therefore  if  one  of  thefe  be  given,  the  other  will  be 
known  by  fubtradfii'^g  the  given  one  from  180  degrees. 
Which  property  is  ufeful  in  furveying,.  to  find  the 
quantity  ot  an  inaccellible  angle!;  viz,  meafure  • its  ad- 
jacent accefiible  one,  and  fubtracl  this  from  iBo  degrees. 


Vertical  or  oppofite  /Angles,  are  fucK  as  have  their 
legs  mutually  continuations  of  each  other  ; as  the  two 
angles  a and  b,  or  c and  d. — The  property  of  thefe  is, 
that  the  vertical  or  oppofite  angles  arc  always  equal  to 
each  other,  viz,  sL  a =:  /Ll,  and  A c — /L  d.  And 
hence  the  quantity  of  an  InaccefTible  angle  of  a field, 
&c,  may  be  found,  by  meafuring  its  acceiriblc  oppofite 
angle. 

Alternate  Angles,  are  thofe  made  on  the  oppofite 
fides  of  a line  cutting  two  parallel  lines ; io,  the  angles 
e and  f,  or  g and  h,'  are  alternates.  And  thefe  are  al- 
ways equal  to  each  other  ; viz,  tire  A c 7=^  A /,  or  A / 

A h» 


'External  A^sGee^,  are  the  angles  of  a f gtirc  made 
without  it,  by  producing  its  f dcs  outwards  ; as  the 
angle  s i,  h,  },  771,  All  the  external  angles  of  any  right- 
lined  figure,  taken  together,  are  equal  to  4 right 
angles  ; and  the  external  angle  of  a triangle  is  equal  to 
both  the  internal  oppofte  ones  taken  together  ; alfo 
any  external  angle  of  a trapezium  inferibed  in  a circle, 
is  equal  to  the  internal  oppofte  angle. 

Internal  Angles,  are  the  angles  witliln  any  figure, 
made  by  tlic  fides  of  it  ; as  the  angles  n,  0,  p,  q. — In 
any  right-lined  figure,  an  internal  angle  as  n,  and  its  ad- 
jacent external  angle  k,  together  make  two  right  angles, 
or  iBq  degrees;  and  all  the  internal  angles  n,  0,  p,  y, 

takera 
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taken  together,  make  twice  as  many  right  angles,  want- 
ing 4 right  angles  ; alfo  any  two  oppofite  internal 
angles  of  a trapezium  infcribed  in  a circle,  taken  to- 
gether, make  two  right  angles,  or  180  degrees.  ^ 

Hgmolo^ous^  ov  like  Angles,  are  fuch  angles  in  two 
'fipTires,  as  retain  the  fame  order  from  the  hrll,  in  both 
figures. 

Angle  oui  of  the  centre^  as  G,  Is  one  whofe  vertex 
is  not  in  the  centre  of  the  circle. —And  its  meafure  is 


half  the  fam  of  the  arcs  intercepted  by  its  legs 

when  it  is  within  the  circle,  or  half  the  differenCG  - - ” 


when  it  is  without. 


Angle  at  the  centre^  is  an  angle  whofe  vertex  is  in 
the  centre  ; as  the  angle  AFC,  formed  by  two  radii  Ah, 
FC,  and  nieafured  by  the  arc  ADC. — An  angle  at  the 
centre,  as  AiFG,  is  always  double  of  the  angle  ABC 
at  the  circumference,  handing  upon  the  fame  arc  ADC; 
and  all  angles  at  the  centre  are  equal  that  hand  upon  the 
fame  or  equal  arcs  : alfo  all  angles  at  the  centre,  are 
proportional  to  the  arcs  they  hand  upon  ; and  lo  alfo 
are  all  angles  at  the  circumference. 


Angle  at  the  circumference^  is  an  angle  whofe  vertex 
5s  fomewhere  in  the  circumference  of  a circle  j as 
the  angle' ABC. 

Angle  in  a fegtnenf,  is  an  angle  whofe  legs  meet  the 
extremities  of  the  bafe  of  the  fegment,  and  its  vertex 
is  anywhere  in  its  arch ; as  the  angle  B is  in  the  feg- 
ment  A BC,  or  handing  upon  the  fupplemental  feg- 
ment  ADC  ; and  is  comprehended  between  two  chords 
AB  and  BC. — An  angle  at  the  circumference  is  mea- 
fured  by  half  the  arc  ADC  upon  which  It  hands  ; and 
all  the  angles  ABC,  AEC,  in  the  fame  fegment,  are 
equal  to  each  other. 

Angle  in  a femicircle  is  an  angle  at  the  circum- 
ference contained  in  a femicircle,  or  handing  upon  a 
femicircle,  or  on  a diameter. — An  angle  in  a Dmicircle, 
is  always  a riglit  angle  ; in  a greater  fegment,  the 
angle  is  lefs,  and  in  a lefs  fegment  the  angle  is  greater 
than  a right  angle. 

Angle  of  a fegment,  is  that  made  by  a chord  with  a 
tangent,  at  the  point  of  contadl.  So  IHK  is  the 


angle  of  the  lefs  fegment  IMH,  and  IHL,  the  angle 
the  oTcater  fegment  INH. — And  the  meafure  of  each 
of  tiiefe  angles,  is  half  the  alternate  or  fupplemcntal 
feg-ment,  or  equal  to  the  angle  in  it  ; viz,  the  A IHK 
A INH,  and  the  A IHL  = A IMH._ 

Angle  femicircle.,  is  the  angle  which  the  dia- 
meter of  a circle  makes  with  the  circumference.  And 
Euclid  demonhrates  that  this  is  lefs  than  a right  angle,- 
but  greater  than  any  acute  angle. 


Angle  of  contact,  is  that  made  by  a curve  line  and 
a tangent  to  it,  at  the  point  pf  contaft  ; as  the  angle 
IFIK.  It  is  proved  by  Euclid,,  that  the  angle  of  con- 
tact between  a right  line  and  a circle,  is  lefs  than  any 
right-lined  angle  whatever ; though  it  does  not  there- 
fore follow  that  it  is  of  no  niagnitude  or  quantity* 
This  has  been  the  fubjec^  of  great  dlfputes  amongll 
geometricians,  in  which  Peletarius,  Clavius,  Taquet, 
Wallis,  &c,  bore  a coiilideiable  fnafe  ; Peletarius  and 
Wallis  contending  that  it  is  ho  angle  at  all,  againll 
Clavius,  v/ho  rightly  aiferts  that  it  is  not  abfolutely 
nothing  in  itfelf,  but  only  of  no  magnitude  in  comparifon 
with  a right-lined  angle,  being  a quantity  of  a dif- 
ferent kind  or  nature  ; like  as  a line  in  refpedl  to  a fur- 
face,  or  a furface  In  refpedl-to  a folid,  &c.  And  fince 
his  time,  it  has  been  proved  by  Sir  I.  New-ton,  and 
others,  that  angles  of  contadl  can  be  compared- to  each 
other,  though  not  to  right-lined  angles,  and  what  are 
the  proportions  which  they  bear  to  each  other.  Thus,^ 
the  circular  angles  of  contadt  IHK,  IHL,  are  to  each, 
other  in  the  reciprocal  fubduplicate  ratio  of  the  diameters 
HM,  HN.  And  hence  the  circular  angle  of  contadt 
may  be  divided,  by  deferibing  Intermediate  circles,  into 
any  number  of  parts,  and  in  any  proportion.  And  if, 
indead  of  circles,  the  curves  be  parabolas,  and  the 
point  of  contadi  FI  the  common  vertex  of  their  axes; 
the  angles  of  conta6I  would  then  be  reciprocally  hi  the 
fubduplicate  ratio  of  their  parameters.  But  in  fuch 
elliptical  and  hyperbolical  angles  of  contadi,  thefe  w ill 
be  reciprocally  hi  the  fubduplicate  of  the  ratio  com- 
pounded of  the  ratios  of  the  parameters,  and  the 
traiifverfe  axes.  Moreover,  if  TOQJie  a common  pa- 
rabola, to  the  axis  OP,  and  tangent  VOW,  and  whofe 
equation  is  I X -v  or  a*  where  Is  the  ab- 

feifs  OP,  and  y the  ordinate  PQ^the  parameter  being  i : 
and  if  OR,  OS,  8cc,  be  other  parabolas  to  the  fame 
axis,  tangent,  and  parameter,  their  ordinate  y being  PR, 
or  PS,  &c,  and  their  equations  .v=:y^,  x .v  — 

&c  : then  the  feries  of  angles  of  contadl  will  he  in  fuc- 
ceilion  Infinitely  greater  than  each  other,  viz,  the  angle 
of  contadl  WOQ^infinltcly  greater  than  WOR,  and 
this  infinitely  greater  than  WOS,  and  fo  on  infinitely. 

And  farther,  between  the  angles  of  coiita£I  of  any 
two  of  this  kind,  may  other  angles  of  contadl  be  found 
ac/  infinitum,  which  Iliall  infinitely  exceed  each  other. 
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jind  y^t  tlie  greatefl  of  them  be  infinitely  lefs  than  the 
fmalleil  right-lined  angle.  So  alfo 

&c,  denote  a fcries  of  curves,  of  which  every 
fiicceeding  one  makes  an  angle  with  its  tangent,  iiir 
finitely  greater  than  the  preceding  one  ; and  the  lead 
of  thefe,  viz,  that  whofe  equation  is  ~ y^>  or  the 
femicubical  parabola,  is  infinitely  greater  than  any  cir- 
cular angle  of  contadf. 

AuGLEsare  again  dWidc^mtopIaneijphericaly'^wA Jolld, 

Plane  Angles,  are  all  thofe  above  treated  of ; which 
are  defined  by  the  inclination  of  two  lines  in  a plane, 
meeting  in  a point. 

Spherical  Angle,  is  an  angle  formed  on  the  furface 
of  a fphere  by  the  Intcrfedlion  of  tw'o  great  circles  ; or, 
it  is  the  inclination  of  the  planes  of  the  tw'o  great  circles. 

The  meafure  of  a fpherical  angle,  is  the  arc  of  a great 
circle  of  the  fphere,  intercepted  betweea  the  two  p>lanes 
which  form  the  angle,  and  which  cuts  the  faid  planes  at 
right  angles.  For  their  properties,  See,  fee  Sphere, 
Spnerjcal,  and  Spherical  Trigonometry, 

Solid  Angle,  Is  the  mutual  inclination  of  more  than 
two  planes,  or  plane  angles,  meeting  iu  a point,  and 
not  contained  in  the  fame  plane  ; like  the  angles  or 
corners  of  folid  bodies.  For  their  meafure,  properties, 
tiCy  fee  Solid  Angle, 

Angles  of  other  lefs  ufual  kinds  and  denominations, 
are  alfo  to  be  found  in  fome  books  of  Geometry.  As, 

Horned  Angle,  angulus  cornutuSy  that  whicb  is 
made  by  a right  line,  whether  a tangent  or  feeant,  with 
the  circumference  ot  a circle. 

Lunular  Angle,  angulus  lutiuJarisy  is  that  wFich  is 
formed  by  the  interfedfion  of  two  curve  lines,  the  one 
concave,  and  the  other  convex. 

Cipfoid  Angle,  angulus  cijfoidesy  the  inner  angle  made 
by  tw'o  fpherical  convex  lines  Interfecding  each  other. 

Sljlroid  Angle,  angulus Jlflroidcsy  is  that  which  is  in 
form  of  a fifirum. 

Pelecoid  Angle,  angulus pelecoidesy  is  that  in  form  of 
a hatchet. 

Angle,  in  ’Trigonometry,  See  Triangle,  Tki- 
coxoMETRY,  Sine,  Tangent,  lAc, 

Angle,  in  Mechanics. — Angle  of  HireSiony  is  that 
which  is  comprehended  between  the  lines  of  dkection 
of  two  confpiring  forces. 

Angle  of  Elevation  y is  that  which  is  comprehended 
between  the  line  of  diredllon  and  any  plane  upon  which 
the  projedlion  is  made,  whether  horizontal  or  oblique. 

Angle  of  Incideticcy  is  that  made  by  tlie  line  of  dl- 
redfion  of  an  impinging  body,  at  the  point  of  impadt. 
As  the  angle  ABC, 

Angle  of  RefeSliotiy  is  that  made  by  the  line  of  dl- 
redlion  of  the  refledfed  body,  at  the  point  of  impadl. 
As  the  angle  DBF. 

Inftead  ot  the  angles  of  incidence  and  refiedfion  being 
eftimated  fi'om  the  plane  on  wdilch  the  body  impinges, 
fometimes  the  complements  of  thefe  are  underfiood, 
viz,  as  eftimated  from  a perpendicular  to  the  refledting 
jplanc  ; as  the  tv/o  angles  ABF  and  DBF. 


Angle  in  Optics. -^Vifual  or  Opfc  Angle,  is  the 
angle  included  between  the  two  rays  vdrawm  from  the 
two  extreme  points  of  an  objedf  to  tlie  centre  of  tbs 
pupil  of  the  eye  : as  the  angle  HGl.  The  apparent 
magnitude  of  objedis  is  greater  or  lefs,  according  to  the 
angle  under  which  they  appear.— -Objedfs  feen  under 
the  fame  or  an  equal  angle,  always  appear  eejual — .1  he 
leafl  vifihle  angle,  or  leall  angle  under  wdiich  a body  can 
be  feen,  according  to  Dr.  Hook,  is  one  minute  ; but 
Dr.  Jurin  fliews,  that  at  the  time  of  hi.*!  debate  with. 
Hevelius  on  tills  fubjedf,  the  latter  could  probably  dif- 
cover  a finglefiar  under  fo  (mall  an  angle  as  20"^^,  But 
bodies  aie  vifible  under  finaller  angles  as  they  are  more 
bright  or  luminous.  Dr.  Jurin  Hates  the  grounds  of 
this  controverfy,  and  difeufles  the  quefiion  at  large,  in 
his  Effay  upon  diltindf  and  indiftindb  Vllioii,  publlfiied 
in  Smith’s  Optic?,  pa.  [48,  iA  feq, 

A'hglz  of  the  interval,  of  two  places,  is  the  angle 
fubtended  by  two  lines  diredted  liom  the  eye  to  thofe 
places. 

Angle  of  incidence,  or  refhdion,  or  ref  ration.  See, 
See  the  refpedtive  wmrds  Incidence,  Reflection, 
Refraction,  See. 

A yi G LE  in  A/lrcnon/y, — Angle  of  Commutation,  Sec 
Commutation. 

Angle  of  elongation,  or  Angle  at  the  Earth,  Sec 
Elongation. 

ParallaBic  Angle,  or  the  parallax,  is  the  angle 
made  at  the  centre  of  a ftar,  the  fun,  3cc,  by  two  lines 
drawm,  the  one  to  the  centre  of  the  earth,  and  tlie  other 
to  its  furface.  See  Parallactic,  and  Parallax. 

Angle  of  the  pofnion  of  the  fun,  of  the  fun's  apparent 
femi  diameter,  Sic.  See  the  refpedllve  w'ords. 

Angle  at  the  fun.  Is  the  angle  under  which  the 
dIfiance  of  a planet  from  the  ecliptic,  is  feen  from  the 
fun. 

Angle  of  the  Eafl.  See  Nonagesimal. 

Angle  of  obliquity,  of  the  ecliptic,  or  the  angle  of 
inclination  of  the  axis  of  the  earth,  to  the  axis  of  the 
ecliptic,  is  now  nearly  23“  28'.  Sec  Obliquity,  and 
Fcliptic. 

Ancle  of  longitude,  is  tlie  angle  which  the  circle  of 
a flaps  longitude  makes  w'ith  the  meridian,  at  the  pole 
of  tlie  ecliptic. 

Angle  of  right  afcenfion,  is  the  angle  wdiich  the 
circle  of  a liar’s  right  alceufion  makes  with  the  me- 
ridian at  the  pole  of  the  equator. 

Angle  in  Navigation.  Angle  of  the  rhumb,  or 
lu.xodromic  a7igle.  See  Rhumb  and  Loxodromic. 

Angles,  in  Porllfication,  are  underfiood  of  thoft 
formed  by  the  feveral  lines  ufed  in  fortifying,  or  making 
a place  defen fible. 

Tliefe  are  of  two  forts  ; real  and  imagmary. — Real 
angles  are  thofe  wliich  actually  cxifi  and  appear  iu  the 
works.  Such  as  the  f aided a7igle,  X.\\e  angle  of  the  epaule^ 
angle  of  the  fanh,  and  the  re-entering  angle  of  the  cou7ner- 
fcarp,  Imuglnary,  or  occ7iU  angles,  are  thofe  which 
are  only  fubfervient  to  the  confirudlion,  and  which 
cxifi  no  more  after  the  fortification  is  drawn.  Such  aa 
the  angle  of  the  centre,  angle  of  the  polygon,  f.anking  angU^ 
faliant  angle  of  the  counterfearp,  &c. 

Angle  of,  or  at,  the  centre,  istheangle  formed  at  the 
centre  of  the  polygon,  by  two  radii  drawn  from  thp 
rccntre  to  two  adjacent  angles,  and  fubtended  by  a fide 
Qj  of 
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©f  it^  tlie  angle  x^CB.  Tliis  is  found  by  dividing 
3^0  degrees  by  the  number  of  fides  in  the  regular  po- 
lygon* 


Angle©/'  the  PoJygoriyh  the  angle  intercepted  be- 
tween two  fides  of  the  polygon  ; as  DAB,  or  ABE. 
This  is  the  fupplement  of  the  angle  at  the  centre,  and 
is  therefore  found  by  fubtradling  the  angle  C from 
j8o  degrees. 

Angle  of  the  Triatiyhe,  is  half  the  angle  of  the  po- 
tygon  ; as  CAB  or  CBA  ; and  is  therefore  half  the 
fupplement  of  the  angle  C at  the  centre. 

Angle  of  the  Bafion^  is  the  angle  FAG  made  by 
the  two  faces  of-the  bailion.  And  is  otherwife  called 
the  flanked  angle. 

Dwiin’i/Ised  Angle,  is  the  angle  BAG  made  by  the 
meeting  of  the  exterior  fide  of  the  polygon  with  the 
face  AG  of  the  baftion. 

Angle  of  the  curtln^  or  of  the  fanh,  is  the  angle 
GHI  made  between  the  curtin  and  the  Hank, 

Angle  of  the  epaiile^  or f milder,  is  the  angle  AGH 
made  by  the  Hank  and  the  face  of  the  baftion. 

Angle  the  tenaille,  or  exterior  fan  king  angle,  is 
the  angle  AKB  made  by  the  two  rafant  lines  of  de- 
fence, or  the  faces  of  two  baftions  produced. 

Angle  of  the  counterfearp,  is  the  angle  made  by  the 
two  fides'of  the  cotinterfcarp,  meeting  before  the  middle 
of  the  curtin. 

An G-LV,  flanking  inward,  is  the  angle  made  by  the 
Hanking  line  with  the  curtin. 

Angle  forming  the  fank,  is  that  confifting  of  one 
Hank  and  one  demigorge. 

Angle  forming  the  face,  is  that  compofed  of  one 
flank  and  one  face. 

Angle  of  the  moat,  is  that  made  before  the  curtin, 
where  it  is  interfeiffed. 

Re-entering^  or  re-entrant  Angle,  is  that  whofe 
vertex  is  turned  inwards,  towards  the  place  ; as  H 
©r  I. 

■Saliant,  or fortant  Angle,  is  that  turned  outwards, 
advancing  its  point  towards  the  field  ; as  A or  G. 

Dead  Angle,  is  a re-entering  angle,  which  is  not 
flanked  or  defended. 

Angle  of  a wall,  in  ArchileBnre,  is  the  point  or 
corner  where  the  two  fides  or  faces  of  a wall  meet. 

Angles,  in  Afrology,  denote  certain  houfes  of  a 
Hgure,  or  fcheme  of  t^fe  heavens.  So  the  horofeope  of 
firft  houfe,  is  termed  the  angle  of  the  caf. 
ANGUfNEAL  hkyperhola,,  a name  given  by  Sit 


I.  Newton  to  four  of  bis  curves  of  tbe  fecond  order, 
viz,  fpecies  33,  34,  35,  36,  exprefted  by  tbe  equation 

-b  zr:  — ax‘^  hx"^  ft-  Gv  -f  d ; being  hyperbolas 
of  a ferpentine  figure.  See  Curves. 

ANGULAR,  fomething  relating  to,  or  that  hath 
angles. 

At  a diftance,  angular  bodies  appear  round  ; tbe  an» 
gles  and  fmall  inequalities  difappearing  at  a much  lefs 
diftance  than  the  bulk  of  the  body. 

ANGULAR  Motion,  is  the  motion  of  a body  which 
moves  |Circularly  about  a point ; or  the  variation  in  the 
angle  defcrlbed  by  a line,  or  radius,  connedling  a body 
with  the  centre  about  which  it  moves. — Thus,  a pen- 
dulum has  an  angular  motion  about  its  centre  of  mo- 
tion ; and  the  plantts  have  an  angular  motion  about 
tbe  fun, — Two  moveable  points  M 
and  O,  of  which  the  one  deferibes, 
the  arc  M.N,  and  the  other  the  arc 
OP,  in  the  fame  time,  have  an  equal, 
or  the  fame  angularmotion, although 
the  real  motion  of  the  point  O be 
much  greater  than  that  of  the  point 
M,  viz,  as  the  arc  OP  is  greater  than 
the  arc  MN.  The  angular  motions  of  revolving  bodies, 
as  of  the  planets  about  the  fun,  are  reciprocally  propor- 
tional to  their  periodic  times.  And  they  are  alfo,  as 
their  real  or  abfolute  motions  diredlly,  and  as  their  ra- 
dii of  motion  inverfely. 

Angular  motion f\s  alfo  a kind  of  compound  motion 
compofed  of  a circular  and  a redlilinear  motion  ; like 
the  wheel  of  a coach,  or  other  vehicle. 

ANIMATED  needle,  a needle  touched  witlra  mag- 
net or  load-ftone. 

ANNUAL,  in  Afronomy,  fomething  that  returns 
every  year,  or  which  terminates  with  the  year. 

Annual  motion  of  the  earth.  See  Earth, 

An  N u A L argument  of  longitude.  See  A R G u M E n ’T* 

Annual  epadls.  See  Epact. 

Annual  equation  of  the  mean  motion  of  the  fun  and 
moon,  and  of  the  moon’s  apogee  and  nodes.  See  Equa- 
tion. 

ANNUITIES,  a term  for  any  periodical  Income, 
arifing  from  money  lent,  or  from  houfes,  lands,  falaries, 
penfions,  &c;  payable  from  time  to  time  5 either  an- 
nually, or  at  other  intervals  of  time. 

Annuities  may  be  divided  into  fuch  as  are  certain^ 
and  fuch  as  depend  on  fome  contingency,  as  the  continu- 
ance of  a life,  See. 

Annuities  are  alfo  divided  into  annuities  In  pojfejflon,^ 
and  annuities  in  reverfion  ; the  former  meaning  fuch  a> 
have  commenced  ; and^the  latter  fuch  as  will  not  com- 
mence till  fome  particular  event  has  happened,,  or  lilP 
fome  given  period  of  time  has  elapfed. 

Annuities  may  be  farther  confidered  as  payable  e-ither* 
yearly,  or  half  yearly,  or  quarterly,  SeC, 

The prefent  value  of  an  annuity,  is  that  fiim,  which,, 
being  improved  at  intereft,  will  be  fuHicient  to  pay  the 
annuity. 

The  prefent  value  of  an  annuity  certain,  payable  yearly,, 
is  calculated  in  the  following  manner. — Let  the  annuity 
be  I,  and  let  r denote  the  amount  of  \L  for  a year,  or- 
i/.  increaled  by  its  intereft  for  one  year.  Then,  i being 
the  prefent  value  of  the  fum  r,  and  having  to  find  the 
prefent  value  of  the  fum  will  he,  hy  pwportion 

thus, 


/ 
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thus,  r X I : : I : — the  prefent  value  of  ih  due  a 

y 

j 

year  hence.  In  like  manner  — will  be  the  prefent  va- 
lue  of  1/.  due  2 years  hence  j for  r ; i : ; In  like 


manner  — , — , &c,  will  be  the  prefent  value  of 

yZ  j-4  yS 

I /.'due  at  the  end  of  3,  4,  See,  years  refpedlively  ; 
and  in  general,  — will  be  the  value  of  i/.  to  be  received 
after  the  expiration  of  n years.  Confequently  the  fum. 
of  all  thefe,  or— -f-  — -j-  — -f*— + &c,  continued  to- 

r yZ  yZ  r* 

n terms,  will  be  the  prefent  value  of  all  the  n years  an* 
nuiries.  And  the  value  of  the  perpetuity,  is  the  fum  of 
the  feries  continued  ad  injinitmn, 

* But  this  feries,  it  is  evident,  is  a geomctTical  pro* 

greflion,  whofe  fird:  term  and  common  ratio  are  each  — 

and  the  number  of  Its  terms  n\  and  therefore  the  fum  ^ 
of  all  the  terms,  or  the  prefent  value  of  all  the  annual 

payments,  will  be  s-  — X' ♦ 

r—i 


When  the  annuity  Is  a.  perpetuity,.  It  is  plain  that 


the  laft  term  — vanlflies,.  and  therefore 

r—i 


►■n 


alfo 


vanidies  and  confequently  the  expreflion  becomes 
barely  i = ; that  Is,,  any  annuity  divided  by  Its 


intereft  for  one  year,  is  the  value  of  the  perpetuity. 


So,  if  the  rate  ofintereil  be  5-  per  «ent ; then = 20 


IS  the  value  ©f  the  perpetuity  at  5 per  cent.  Alfo 


100 


100 


25  is  the  value  of  the  perpetuity  at  4 per  cent.  And. 
222  33f  is  the  value  of  the  perpetuity  at  3 per  c-ent.. 


, 3 

intereft.  And  fo  on. 


If  the  annuity  is  not  to  be  cntered‘on  immediately, 
but  after  a certain  number  of  years,  as  m years  ; then 
the  prefent  value,  of  the  revcrfion  is  equal  to  the  differ- 
ence between  two  prefent  values,  the  one  for  the  firft 
term  of  m yeai's,  and  the  other  for  the  end  of  the  lad 
term  n : that  Is,,  equal  to  the  difference  between 

1 ' I I I I I 

— y,  or  = 

T X T — I 7'^  T “•  1 V ““  i 7*”^ 

^ I'  I 

y-)— ,-11 


Annuities  certain  differ  in  value,  as  they  are  made 
, payable  yearly:^  half-yearly^  ox  quarterly.  And  by  pro- 
ceeding as  above,  ufing  the  Inte^-ed  or  amount  of  a 
half  year,  or  a quarter,  as  tbofefor  the  whole  year  were 


ufed,  the  following  fet  of  theorems  will  arlfc  ; where  r 
denotes,  as  before,  the  amount  of  i/.  and  its  intered  for 
a year,  and  71  the  number  of  years,  during  which,  any 
annuity  is  to  be  paid  j alfo  P denotes  the  perpetuity 


Y denotes  

r — I 


X the  value  of 

r — I 7-^ 


the  annuity  fuppofed  payable  yearly^,  H the  value  of  the 
fame  when  it  is  payable  half-yearly,  and  Q^the  value 
when  payable  quarterly ; or  iinivtrfally,  M the  value 
when  it  is  payable  evei*y  m part  of  a year. 


Theor.  1,  Y = P — 


Theor,.  2.  H = P — 


I 

p X (,-) 

r • 

"2 


Theor.  3.  P — P x ( ) 


4a 


r + 3 • 


Theor.  4-  M = P — P x ( 


m 


r tn  — I ‘ 


Example  If 

Let  the  rate  of  intered  be  4 per  cent,  and'the  terra- 
5» years ; and  confequently  r = 1*04,  7/  ~ 5,  P = 25 
alfo  let  7n  — 12,  or  tlie  Intered  payable  monthly  in- 
theorem  4 then  the  prefent  value  of  fuch  annuity  of 
1/.  a year,  for  5 years,  according  as  it  is  fuppofed  pay- 
able ]/,  yearly,  or  i/.  every  half  year,  or  ^/.  every  quar- 
ter, or  Y'j/.  every  month  or  ^ .i;th  part  of  a year,  wiUi 
be  as  follows : 


Y = 25  — 23  X *821928  = 4*4518' 

H m 25  — 25  X *820348  = 4*4913. 

25  - 25  X -81943  = 4'5‘'4 
M = 25  — 25  X-  '818996  2:2  4*5251 

Example  2,  Suppofing  the  annuity  to  continue  25.; 
years,  the  rate  of  Intered  and  every  thing  elfe  being  as 
before  j.then  the  values  of  the  annuities  for  25  years  will- 
be 

Y 25  — 25*  X *375118  r=r  15*6221 

H = 2S  - 25  X '37^5^7  = ir/iiS 
Q_=:  25  - 25  X *369709  = 157573 
hi  =-25—25  X *368477  = 15*7881 

Example  3.  And  if  the  term  be  50  years,  the  va* 
lues  will  be 

Y =25  — 25  X *140713  = 21*4822^ 

H = 25  — 25  X *138032  21*5492. 

Q_=  25  — 25  X *156685  = 21*5829 
M-rr.25  — 25  X *135775  = 21*6056 

Example  4.  Alfo-lf  the  term  be  100  years,  the 
values  will  be 

Y =25—25  X *019800  = 24*5050' 

H rr  25  — 25  X *019053  = 24*5237 
Q_=  25  — 25  X *018683  = 24*5329; 

M rr:  25  — 25  X-  *018435  nr  24*5391 

Hence  the  difference  in  the  value  by  making  periods  - 
of  payments -fmaller,  for  any  given  term  of  years,  is  the 
more  as  the  intervals  are  fmaller,  or  the  periods  more 
frequent.  The  fame  difference  is  alfo  variable,  botl,i  as 
tlie  rate  of  iiltered  varies,  and  alfo  as  the  whole  term 
of  years,  n varies  5 and,  for  any  given  rate  of  intered,  it 

2$ 
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IS  evident  that  the  difference,  for  any  periods  m of  pay- 
ments, firil  increafes  from  nothing  as  the  term  n in- 
creafes,  when  n is  o,  to  fome  certain  finite  term  or  value 
of  riy  when  the  difference  D Is  the  greatell  or  a maxi- 
mum ; and  that  afterwards,  as  n Increafes  more,  that 
difference  will  continually  decreafe  to  nothing-  again,  and 
vanifh  when  n Is  infinite  : alfo  the  term  or  value  of  «, 
for  the  maximum  of  the  difference,  will  be  different  ac- 
cording to  the  periods  of  payment,  or  value  of  m.  And 
the  general  value  of  when  the  difference  is  a maximum 
between  the  yearly  payments  and  the  payments  of  m 
times  in  a year,  is  expreffed  by  this formula,  viz, 

-h  r — <i 



m 


1. 


1.  r 


mU 


m r 


where  /.  denotes  the  log^ 


m 


arlthm  of  the  quantity  followirrg  it.  Hence,  taking 
the  different  values  of  /?/,  viz,  2 for  half  years,  4 for 
quarters,  12  for  monthly  payments,  &:c,  and  fiibflituting 
in  the  general  formula,  the  term  or  value  of  « for  each 
cafe,  when  the  difference  in  the  prefent  worths  of  the 
annuities,  will  be  as  follows,  reckoning  intereil  at  4 per 
cent,  viz, 


2/. 

I ' 


r-\-  I 


1. 


n 


r 4-  I 

2/.-- Z 1 r 


Years 

25*3777  for  half-yearly  payments, 


n 


r -f  3 


/. 


/.  r 


r + 5 


= 25*3200  for  quarterly  payments, 


•/. 


12/. 

/. 


n 


r 4-  I T 
12 
/.  r 


.r  + II 

1 2/. /.  r 

12 


= 25*2643  for  monthly  payments. 


AnmiiUes  may  alfo  be  confidered  as  in  arrears,  or  as 
forborn,  for  any  number  of  years  ; In  which  cafe  each 
payment  is  to  be  confidered  as  a fum  put  out  to  in- 
tereil for  the  remainder  of  the  term  after  the  time  it 
becomes  due.  And  as  \l.  due  at  the  end  of  i year, 
amounts  to  r at  the  end  of  another  year,  and  to  r*  at 
the  end  of  the  3d  year,  and  to  at  the  end  of  the  4th 
year,  and  fo  on  ; therefore  by  adding  always  the  lafl 
year’s  annuity,  or  i,  to  the  amounts  of  all  the  former 
years,  the  fum  of  all  the  annuities  and  their  interefls, 
will  be  the  fum  of  the  following  geometrical  feries, 
I 4”  ^ “k  “h  q-  - - - - - - - to  conti- 

nued till  the  lafl  term  be  r'^~  *,  or  till  the  number  of 
terms  be  the  number  of  years  the  annuity  is  forborn. 

“ I 

But  the  fum  of  this  geometrical  progreflion  is  — — — , 


which  therefore  is  the  amount  of  i/.  annuity  forborn  for 
n years.  And  this  quantity  beings  multiplied  by  any 
other  annuity  inflead  of  I,  will  produce  the  amount 
for  that  other  annuity. 

But  the  amounts  of  annuities,  or  their  prefent  values, 
are  eaheh  found  by  the  tvv^o  following  tables  of  numbers 
for  the  annuity  of  \l,  read^y  computed  from  the  fore** 
going  principles. 


Table  I. 


*The  Amount  of  an  Annuity  of  iL  at  Comp,  Interef,  ' 


at  3 per  ( 

35  per 

4 per 

a\  per 

5 per 

6 per 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

J 

1*00000 

I *00000 

1 *00000 

I *00000 

I * 0000c 

1 *00000 

2 

2*03000 

2*03500 

2*04000 

2 *04  50O' 

2*0500:. 

2.'o6oOv) 

3 

3-09090 

3*10623 

3*12160 

3 ■'1370  3 

3*15250 

3 *18360 

4 

4-18363 

4*21494 

4*24646 

4*27819 

4*31013 

4*37462 

- 5 

5-30914 

5*36247 

5*41632 

5*47071 

5*525^3 

5*63709 

6 

6'4684r' 

•6'55t>i5 

6*63298 

6*71689 

6*8019 1 

6*97532 

7 

7-66246 

7-77941 

7-89829 

8*01915 

8*14201 

8*39384; 

8 

8*89234 

9*05 169 

9*21423 

9*  58001 

9*54911 

9*89747 

9 

10-15911 

10*368  70 

lo*  58280 

IO*8o2T  I 

1 1 *026  56 

11*49132 

10 

11*46388 

11*73139 

12*00611 

12*28821 

12*57789 

13*18079 

II 

12-80780 

13*14199 

I3’48635 

13*841 18 

14*20679 

14*97164 

12 

14*19203 

14.-60196 

15*0258 1 

15*46403 

15-91713 

16-86994 

15*61779 

16*11303 

16-62684 

17*15991 

17*71298 

18*88214 

H 

17*08632 

17*67699 

i‘8’29i9i 

18*932  II 

19*59863 

21*01507 

15 

18*59891 

19*29568 

20-32359 

20*78405 

21*578  56 

23*27597 

r6 

20*1 5688 

20-97103 

2 1 *82453 

22*71934 

23*65749 

25*67253 

17 

21*761 59 

22*70502 

23*69751 

24*74171 

25*84037 

28*21288 

18 

23-41444 

24*49969 

25*64541 

26-85508 

28*13238 

30*90565 

19 

25*11687 

26*35718 

27*67123 

29-06356 

30*53900 

33*75999 

20 

26*87037 

28*27968 

29*77808 

31-37142 

33*06595 

36*78559 

21 

28*67649 

30*26947 

31*96920 

33*78314 

35*71925 

39*99^73 

22 

3°*53678, 

32*32890 

34*24797 

36-30338 

38*50521 

43*39229 

"3 

32-45288 

34*46041 

36*61789 

38*93703 

41*43048 

46*99583 

24 

34-42647 

36*66653 

39*08260 

41*68920 

44*50200 

50*81558 

^5 

36-45926 

38*94986 

41*64591 

44-56521 

47*72710 

54-86451 

26 

38*553^4 

41*31310 

44*31174 

47*57064 

5i*ii345 

59*15638 

27 

40-70963 

43*75906 

47*08421 

50-71132 

54*6691 3 

63*70577 

28 

42-93092 

46*29063 

49*96758 

53*99333 

58-40258 

68*528 1 1 

29 

45*21885 

48*91080 

52*96629 

57*42303 

62*32271 

73*63980 

3° 

47 ‘5  7542 

51*62268 

56*08494 

61  *00707 

66*4388 1; 

79*05819 

3^ 

50*00268 

54:42947 

59*32ti34 

64*75239 

70*76079 

84*80168 

■32 

52*50276 

57*3345^ 

62*70147 

68-66625 

75*29883 

90288978 

33 

55-07784 

60*34121 

66*20953 

72*75623 

80-06377 

97*31316 

34 

57-73018 

63*45315 

69*85791 

77'“03r26 

85-06696 

io4*i8375' 

35 

60*46208 

66*67401 

73*65222 

81*49662 

90*3203 1 

111*43478 

36 

63-27594 

70-00760 

77*59831 

86*16397 

95-83632 

1 19*12087 

37 

66*1 7422 

73*45787 

8 1 *70225 

91*04134 

101*62814 

127*26812 

38 

^9’^5945 

77*02889 

85*97034 

96*13820 

107*70955 

135*90421 

39 

72-23423 

80*72491 

90*40915 

101*46442 

1 14*09502 

145*05846 

40 

7 5 *40 1 ? 6 

84*55028 

95*02552 

107*03032 

120*79977 

154*76197 

41 

78-66330 

88*50954 

99-82654 

1 12*84669 

127*83976 

105*04768 

42 

82*02320 

92*60737 

104*81960 

1 18*92479 

135*^^3175 

175*95054 

43 

85*48389 

96-84863 

1 10*01238 

125*27640 

142*99334 

187*50758 

44 

89*04841 

101*23833 

r 15*41288 

131*91384 

151*14301 

199*75803 

45 

92*71986 

105*78167 

121  *02939 

138*84997 

1 59*70016 

^12*7435' 

46 

96-50146 

110*48403 

126*87057 

146*09821 

168*6851 6 

226*50812 

47 

100*39650 

115*35097 

132*94539 

153-67263 

I78*ii942 

241*0986; 

48 

104*40840 

120*38826 

139*26321 

161*58790 

188*02539 

^56*56453 

49 

io8'*54o65 

125*60185 

145*83373 

169*85936 

198*42666 

272*95840 

r 12*79687 

130*99791 

152*66708 

178*50303 

209*34800 

290*3359'" 

51 

117*18077 

[36*58284 

159*77377 

187*55566' 

220*8 1540 

308*75606 

52 

121*69620 

142*36324 

167*16472 

196*97477 

232*856 17 

328*28142 

53 

126*34708 

•h8*34595 

174*85131 

2o6'*33863 

245*49897 

348*97831 

54 

131*13750 

154*53806 

182*84536 

217*14637 

258*77392 

370*91701 

ANN 
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Icxam.  j.  To  -find  how  much  an  annufty  of  50I.  wi'K 
amount  to  in  20  years  at  34  per  cent,  compound  in- 
tereft.. — On  the  line  of  20  years,  and  in  the  column  of 
3>  per  cent,  hands  2 8’27968,  whicli  is  the  amount  of 
an  annuity  of  il.  for  the  20  years;  and  therefore 
28-27968  multiplied  by  50,  gives  J4 13 -9841.  or  1413I. 
I os.  8d.  for  the  anfwer. 

Exam.  2.  In  what  time  will  an  annuity  of  20I,  amount 
to  I cool,  at  4 per  cent,  compound  interefl  ? — Here  tlie 
amount  of  I oool.  divided  by  2cl.  the  annuity,  gives  50, 
the  amount  of  il.  annuity  for  the  fame  time  and  rate. 
Then,  the  neareh  tabular  nura])er  in  the  column  of  4 
per  cent,  is  -49*96758,  which  Handing  on  the  line  of 
28,  Ihews  that  28  years  is  the  anfwer. 

Exam.  3.  If  it  be  recpiired  to  find  at  what  rate  of 
intercH  an  annuity  of  2cl.  will  amount  to  I cool,  for- 
born  for  28  years. -^Here  icoo  divided  by  20  gives  50 
as  before.  I'hen  looking  along  the  line  of  28  years,  for 
the  neared  to  this  number  30,  I find  49-96758  in  the 
column  of  4 per  cent,  which  is  therefore  the  rate  of 
interell  reauired. 


Table  II. 


Ehs  prefent  Value  of  an  Annuity  of  i/. 
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at  3 per 

3-1  per 

4 por 

4k  poo 

5 per 

6 per 

Vi 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 
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0*95694 
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5*41719 
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5-07569 
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7 

6*23028 

1 6*11454 
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5*78637 
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8 

7*01969 
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6*73274 
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6*4632 1 

6*20979 

9 

7-7S611 

I 7*60769 

7*43533 

7 
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10 

8*52020 
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8*1 109c 
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7*7^17? 

7 ' ;6oo9 

1 1 

9*25262 
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8-76048 

8 • 5 2 8 9 2 

8*30541 

7*88687 

12 

9*95400 

9*66333 

9*3^507 
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13 

10*63496 

10*30274 
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9*6828; 

9*393'7 
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1 1*29607 

10*92052 

(0-56312 

10*22283 

9*89864 

9*29498 

11*93794 

ii'£:i74i 

11*11839 

b 

10*37966 

9*7 1225 

1 6 

12*56 1 IC 

,12*09412 

11*65235 

1 1 *2340: 

(0-83777 

10*10590 

17 

13*16612 

12*65132 

12*16567 

11-70719 
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ro-47726 

rS 

f3'7S35i 

13*18968 

12*6  5930 

12-15999 

1 1 *68959 

10*82760 

19 

14*32383 

13*70984 

‘3*13394 

12-59329 

( 2*08552 

1 1 *l 581 2 

20 

14-87747 

14*21240 

i3\s903  3 

13-00794 

f 2 *4622  ( 

I I '46902 

2 I 

15-41502 

14-69797 

14-02916 

13-40472 

12-82115 

1 1 •7'64c8 

22 

15-93692 

15*16712 

14-45112 

13-78442 

13*1 6300 

1 2 *04 1 5 8 

23 

16*44361 

15*62041 

14*85684 

14*14777 

13-48857 

12*30338 

24 

^^■935546^*05^37 

1 5*24696 

14*49548 

13-79864 

12*55036 

25 

1 6 *48 1 5 1 

I 5-62208 

14-82821 

14-00394 

12*78336 

26 

17-87684116-89035 

15-9^-77 

15-14661 

'4*375'9 

1 3 *003  1 7 

27 

'8‘32703P7'^8536 

16*32959 

15-45130 

14*64303 

13*21053 

28 
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17-66702 

1 6*66  306 

15-74287 

(4*8981 3 

13*406 1 6 

29 
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18-03577 

16*98371 

16*02189 

15*14107 

13*5^072 

30j  19-60044;  18*39205 

17*29203 

16*28889 

‘5*3724> 

13*76483 

31 

20*00043 

18-73628 

17*58849 

‘6*54439 

15*5928 1 

13*92909 

32 

20-38877 

19-06887 

17*87355 

16*78889 

1 5-80268 

14*08404 

33 

20*76579 

19-39021 

18-14765 

17*02286 

16*00255 

14*23023 

34 

21*13184 

19*70068 

18*41120 

17*24676 

16*19290 

14*36814 

35 

21*48722 

20*00066 

18-66461 

17*46101 

16*37419 

14*49825 

136 

21 *83225 

20-29349 

18-90828 

17-66604 

16*5468  5 

14*62099 

57 

22*16724 

20*57053 

19-14258 

r "-86224 

16*71 129 

14*73678 

38 

22*49246 

20*84109 

19*36786 

18 '04999 

16*86789 

14*84602 

39 

22*80822 

2 1 -X025C 

19*58448 

18*22966 

17*01704 

14*94907 

40 

’-3'ii477 

21-55507 

19-79277 

18*40158 

17*1 C900 

15*.:  46  30- 

41 

23*41240' 

21*59910 

19-99305 

1 8 '566 1 1 

17*29437 

15*1 3802 

42 

23*70156 

21*83488 

20*18563 

18-72355 

17*42321 

15-22454 

43 

23*98190 

22*06269 

2o'37c79 

18*87421 

17*54591 

15-30617 

44 

24*25427 

22*28279 

20-54884 

19*01838 

17*66277 

‘5*38318 

45 

24*51871 

22*49545 

20*72004 

19-1563; 

17*77407 

“;*45<83 

46 

24*77545 

22  *70092 

20-88465 

19-28837 

17*88007 

‘5*52437 

47 

25*02471 

22-89944 

21*04294 

19-41471 

17*98102 

‘5*5^903 

48 

25*26671 

23-09124 

21*19513 

‘9*53561 

18*077 1 6 

I 5*65003 

49 

25*50166 

23*27656 

21*34147 

19*651 30 

18*16872 

15-70757 

50 

25*72976 

23*45562 

2 1 *48  2 1 8 

19-76201 

18*2  5503 

1 5*76186 

5^ 

25*95123 

23*62862. 

21  *61749 

19-86795 

18*33898 

1 5*81308 

52 

26*16624 

23*79576 

21*74758 

19-96933 

18*41807 

1 5*86139 

53 

26*37499 

23*95726 

21  *87267 

20*06634 

18*49340 

15-90697 

54 

26*57766 

24*113301 

21  *99296 

20*  15918 

18*56515 

15-94998 

The  Use  of  Table  I, 

To  fnd  the  Amount  of  an  annuity  forlorn  any  number  of 
years.  Take  out  the  amount  from  the  ift  table,  for  the 
propofed  years  and  rate  of  interefl: ; then  multiply  it 
by  the  annuity  in  queftion ; and  the  produdl  will  be 
its  amount  for  the  iame  number  of  years,  and  rate  of 
interell. 

And  the  converfe  to  find  the  rate  or  time» 


The  Use  of  Table  II. 

Exam.  T.  To  find  the  prefent  value  of  an  annuity  of 

50I.  wliich  is  to  continue  20  years,  at  3 ^ per  cent. 

Ty  the  table,  the  prefent  value  of  i l.  for  the  fame  rate 
and  time,  is  14*21240;  therefore  14*2124  y — - 
7 10*621.  or  7 I cl.  I 2S.  4d.  is  the  prefent  value  fought. 

Exam.  2.  lo  hud  the  prefent  value  of  an  aniiuitY 
of  20I.  to  commence  10  years  hence,  and  then  to  con- 
tinue for  40  years,  or  to  terminate  50  years  hence,  at 
4 per  cent,  interefl. — Ih  fuch  cafes  as  this,  it  is  plain 
we  have  to  find  the  difference  between  the  prefent  values 
of  two  equal  annuities,  for  the  two  given  times  ; which 
therefore  will  be  eftedled  by  fubtradfing  the  tabular  va- 
Iiic  of  the  one  term  from  that  of  the  other,  and  mul- 
tiplying  by  the  annuity.  Thus, 

tabular  value  for  50  years  2 i *482 1 3 
tabular  value  for  10  years  8*i  1090 

the  difference  13-37128 
mult,  by  - 20 

gives  - 267-4256 

oi*  2 67I.  8s.  6d.  the  anfwer. 

.The  foregoing  obfervations,  rules,  and  tables,  con- 
tain all  that  is  important  in  the  dodlrlne  of  annuUies 
certain.  And  for  farther  information,  reference  may- 
be had  to  arithmetical  writings,  particularly  Mal- 
colm's Arithmetic,  page  595;  Slmpfon's  Algebra, 
16 , Uodfon  s hdathematical  I^epolitory,  P^g^^ 
298,  & c ; Jones’s  Synoplis,  ch.  10;  Philof.  Tranf. 
vol.  Ixvi,  page  109. 

For  what  relates  to  the  doarine  of  annuities  on  llves^ 
fee  Assurance,  Complement,  Expectation,  Life 
Annuities,  Reversions,  &c. 

ANNULET  S,  in  ArchiteBure^  are  fmall  fquare 
members,  in  the  Doric  capital,  placed  under  the  quar- 
ter round. 

Annulet  is  alfo  iifcd  for  a narrow'  flat  moulding,  com- 
mon to  other  parts  of  a column,  as  well  as  to  the  ca- 
pital j and  fo  called,  becaufe  it  encompaffes  the  column 

. around. 
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around.  In  winch  fenfe  annulet  is  frccjnently  ufed  for 
baguette^  or  little  ajlragal, 

ANNULUS,  a fpecies  ofVtDLUTA.  See  alfo  Ring. 

ANOMALISTICAL  Tear,  in  Jflronomy,  called 
.alfo  periodical  year^  is  the  fpace  of  time  in  which  the 
earth,  or  a planet,  pafl'es  through  its  orbit.  The  ano- 
jnaliftical,  or  common  year,  is  fomewhat  longer  than 
the  tropical  year  j by  reafon  of  the  prccelhon  of  the 
equinox. 

And  the  apfes  of  all  the  planets  have  a like  progref- 
five  motion  ; by  which  it  happens  that  a longer  time  is 
necefi'ary  to  arrive  at  the  aphelion,  which  has  advanced 
a little,  than  to  arrive  at  the  fame  fixed  ftar.  For  ex- 
ample, the  tropical  revolution  of  the  fun,  with  refpedf 
to  the  equinox,  is  - 3^5^^  5^' 45U 

but  the  fidereal,  or  return  to  the  fame 

ftar,  - - 365  6 9 II  ; 

and  the  anomaliftic  revolution  is  365  6 13  20, 

becaufe  the  fun’s  apogee  advances  each  year  63^^^  with 
rrefpedl;  to  the  equinoxes,  and  the  fun  cannot  arrive  at 
the  apogee  till  he  has  paffed  over  the  more  than 

the  revolution  of  the  year  anfwering  to  the  equinoxes. 

To  find  the  anomaliftic  revolution,  fay,  As  the  whole 
fecular  motion  of  a planet  minus  the  motion  of  its  aphe- 
lion, is  to  100  years  or  3133760000  feconds,  fo  is  360^^, 
to  the  duration  of  the  anomaliftic  revolution. 

ANOMALOUS,  is  fomething  irregular,  or  that 
deviates  from  the  ordinary  rule  and  method  of  other 
things  of  the  fame  kind. 

ANOMALY,  in  AJlronomyi  is  an  irregularity  in 
the  motion  of  a planet,  by  which  it  deviates  from  the 
aphelion  or  apogee  ; or  it  is  the  angular  diftance  of  the 
planet  from  the  aphelion  or  apogee  ; that  is,  the  angle 
formed  by  the  line  of  the  apfes,  and  another  line  drawn 
through  the  planet, 

Kepler  diftinguifiies  three  kinds  of  anomaly;  meati) 
eccentric^  and  true. 

Mean  or  Simple  Anomaly,  in  the  ancient  aftronomy, 
is  the  diftance  of  a planet’s  mean  place  from  the  apogee. 
Which  Ptolomy  calls  the  angle  of  the  mean  motion. 

But  in  the  modern  aftronomy,  in  which  a planet  P is 
confidered  as  deferibing  an  ellipfe  APB  about  the  fun 

placed  in  one  focus,  it  is  the  time  In  which  the  planet 
moves  from  its  aphelion  A,  to  the  mean  place  or  point 
i)f  its  orbit  P. 


Hence,  as  the  elliptic  area  ASP  is  proportional  to 
the  time  in  which  the  planet  deferibes  the  arc  AP,  that 
area  may  reprefent  the  mean  anomaly. — Or,  if  PD 
be  drawn  perpendicular  to  the  tranfverfe  axis  AB,  and 
meet  the  circle  In  D deferibed  on  the  fame  axis ; then 
the  mean  anomaly  may  alfo  be  reprefented  by  the  cir- 
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ciilar  trilineal  ASD,  which  is  always  proportional  to. 
the  elliptic  one  ASP,  as  is  proved  in  my  Meufuratlon*. 
pr,  8,  page  296,  fecond  edition. — Or,  drawing  SG’ 
perpendicular  to  the  nwlius  DC  produced  ; then  the 
mean  anomaly  is  alfo  proportional  to  SG  4*  the  circu- 
lar arc  AD,  as  is  demonftrated  by  Keil  in  his  Lett, 
-Hence,  taking  DH  SG,  the  arc  AH,  ot- 
angle  ACH  will  be  the  .mean  anomaly  in  pradUce,  as, 
exprelfed  in  degrees  of  a circle,  the  number  of  thofe 
degrees  being  to  360^^,  as  the  elliptic  trilineal  arca  ASP,, 
is  to  the  whole  area  of  the  ellipfe  ; the  degrees  of 
mean  anomaly,  being  thofe  in  the  arc  AH,  or  angle- 
ACH. 

Eccentric  Anomaly,  or  of  the  centre,  in,  the  modern 
aftronomy,  is  the  arc  y\D  of  the  circle  ADB  inter- 
cepted between  the  apfis  A and  the  point  D determined 
by  the  perpendicular  DPE  to  the  line  of  the  apfes, 
drawn  through  the  place  P of  the  planet,  Qr  it  is  the 
angle  ACD  at  ‘the  centre  of  the  circle.—- -Hence  the 
eccentric  anomaly  is  to  the  mean  anomaly,  as  AD  to 
AD  ~b  SG,  or  as  AD  to  AH,  or  as  the  angle  ACD 
to  the  angle  ACH, 

True  or  Equated  Anomaly,  is  the  angle  ASP  at 
the  fun,  which  the  planet’s  diftance  AP  from  the  aphe- 
lion, appears  under  ; or  the  angle  formed  by  the  ra- 
dius veeftor  or  line  SP  drawn  from  the  fun  to  the  planet, 
with  the  line  of  the  apfes. 

The  true  anomaly  being  given,  it  is  eafy  from 
thence  to  find  the  mean  anomaly.  For  the  angle  ASP, 
which  Is  the  true  anomaly,  being  given,  the  point  P 
in  the  ellipfe  is  given,  and  thence  the  proportion  of  the 
area  ASP  to  the  whole  ellipfe.,  or  of  the  mean  anomaly 
to  360  degrees.  And  for  this  purpofe,  the  following 
eafy  rules  for  praiftice  are  deduced  from  the  properties 
of  the  ellipfe,  by  M.  de  la  Callle  in  his  Elements  of 
Aftronomy,  and  M.  de  la  Lande,  art.  1240  &:c  of  his 
aftronomy  ; ift,  As  the  fquare  root  of  SB  the  perihe- 
lion diftance,  is  to  the  fquare  root  of  SA  the  aphelion 
diftance,  fo  is  the  tangent  of  half  the  true  anomaly  ASP, 
to  the  tangent  of  half  the  eccentric  anomaly  ACD. 
2nd,  The  difference  DH  or  SG  between  the  eccentric 
and  mean  anomaly,  is  equal  to  the  produft  of  the  ec- 
centricity CS,  by  the  fine  of  SCG  the  eccentric  ano- 
maly juft  found.  And  in  this  cafe,  it  is  proper  to 
exprefs  the  eccentricity  in  feconds  of  a degree,  which 
will  be  found  by  this  proportion,  as  the  mean  dif- 
tance I : the  eccentricity  : ; 206264*8  feconds,  or 
57°  17/  44^ ''•8,  in  the  arch  wFofe  length  is  equal  to 
the  radius,  to  the  feconds  in  the  arc  which  is  equal 
to  the  eccentricity  CS  ; which  being  multiplied  by 
the  fine  of  the  eccentric  anomaly,  to  radius  i,  as  above, 
gives  the  feconds  in  SG,  or  in  thearc'DH,  being  the 
difference  between  the  mean  and  eccentric  anomalies. 
3d,  To  find  the  radius  veAor  SP,  or  diftance  of  the 
planet  from  the  fun,  fay  either,  as  the  line  of  the  true 
anomaly  is  to  the  fine  of  the  eccentric  anomaly,  fo  is 
half  the  lefs  axis  of  the  orbit,  to  the  radius  vector  SP ; 
or  as  the  fine  of  half  the  true  anomaly  is  to  the  fine 
of  half  the  eccentric  anomaly,  fo  is  the  fquare  root  of 
the  perihelion  diftance  SB,  to  the  fquare  root  of  the 
radius  ve6lor  or  planet’s  diftance  SP, 

But  the  mean  anomaly  being  given,  it  is  not  fo  eafy 
to  find  the  true  anomaly,  at  leaft  by  a diie6l  procefs^ 
Kepler,  who  firll  propofed  this  problem,  could  not  find 
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a way  of  refolving  it,  and  therefore  made  ufe  of 

an  indiredl  one,  by  the  rule  of  falfe  pofition,  as  may  be 
feen  page  69^  of  Kepler’s  Epitom,  AJlron,  Copernic,  See 
alfo  §628  Woltius  Elan.  Ajiron.  Now  the  eafieft  me- 
thod of  performing  this  operation,  would  be  to  work 
lirlt  for  the  eccentric  anomaly,  viz,  aiTume  it  nearly,  and 
from  it  fo  alTumed  compute  what  would  be  its  mean 
anomaly  by  the  rule  above  given,  and  find  the  differ- 
ence* between  this  refult  and  the  mean  anomaly  given  ; 
then  alTume  another  eccentric  anomaly,  and  proceed  in 
the  fame  way  with  it,  finding  another  computed  mean 
anomaly,  and  its  difference  from  the  given  one  ; and 
treating  thefe  differences  as  in  the  rule  of  pofition  for 
a nearer  value  of  the  eccentric  anomaly  ; repeating  the 
operation  till  the  refult  comes  out  exadf.  Then,  from 
the  eccentric  anomaly,  thus  found,  compute  the  true 
anomaly  by  the  1 fl  rule  above  laid  down. 

Of  this  problem,  Dr.  Wallis  firfl;  gave  the  geome- 
trical foliitionby  means  of  the  protracted  cycloid  ; and 
Sir  Ifaac  Newton  did  the  fame  at  prop.  31  lih,  i Prln- 
cip.  But  thefe  methods  being  unfit  for  the  purpofe  of 
the  practical  aitronomer,  various  feries  for  approxima- 
tion have  been  given,  viz,  fcveral  by  Sir  Ifaac  Newton 
in  his  Fragmenla  Epiftolaruniy  page  26,  as  alfo  in  the 
Schol.  to  the  prop,  above-mentioned,  which  is  his  belt, 
being  not  only  lit  for  the  planets,  but  alfo  for  the 
comets,  '.vhofe  orbits  are  very  eccentric.  Dr.  (jregoiy, 
in  his  Ajlron.  lib.  3,  has  alfo  given  the  fointion  by  a fe- 
ries, as  well  as  M.  Reyneau,  in  his  Atialyfe  Denwntreey 
page  713,  ^-'c.  And  a better  flill  for  converging  is 
given  by  Keil  in  his  PralcB.  Ajlron.  page  375  ; be  fays, 
if  the  arc  AH  be  the  mean  anomaly,  calling  its  fine  i?, 
cofine  /,  the  eccentricity^,  alfo  putting  =^^5  Jtnd 
« = i -h  fg ; then  the  eccentric  anomaly  iVD  will  be 

= — X ( I ^ &c),  fuppofing  r = ST^9S1^ 

grees;  of  which  the  hrft  term  — is  fufficicnt  for  all  the 

a 

planets,  even  for  Mars  itfelf,  where  the  error  will  not 
exceed  the  2coth  part  of  a degree;  and  in  the  orbit  of 
the  earth,  the  error  is  lefs  than  the  icoooth  part  of 
a degree. 

Dr.  Seth  W ard,  in  his  AflrGnom'm  Gi-^imetricn^  takes 
the  angle  at  the  other  focus,  where  the  fmi  is  not, 
for  the  mean  anomaly,  and  thence  gives  an  elegant  fo- 
lution.  But  this  method  is  not  fufficicntly  accurate 
when  the  orbit  is  very  eccentric,  as  in  tliat  of  the  planet 
Mars,  as  is  fliewn  by  Bullialdns,  in  his  defence  of  the 
Philolaic.  Ajlron.  againfl  Dr,  W'^  aid.  liowcver,  wlien 
Newton’s  corredfion  is  m.ade,  as  in  the  Schol.  above- 
mentioned,  and  the  problem  refolved  according  to 
Ward’s  hypothefis,  Sir  Ifaac  affirms  that,  even  in  the 
orbit  of  Mars,  there  will  fcarce  ever  be  an  error  of 
more  than  one  fecond. 

ANSiD,  An’ses,  in  AJ}ronomy<t  tbofc  fecmingly  pro- 
minent parts  of  llie  ring  of  the  planet  Saturn,  difeovered 
in  its  opening,  and  appearing  like  handles  to  the  body 
of  the  planet ; from  which  appearance  the  name  anfee 
is  taken. 

. ANSER,  in  /Jlronomy.  a fmall  flar,  of  the  5th  or 
<3th  magnitude,  in  the  milky-way,  between  the  eagle 
and  iwan,  iirll  brought  into  order  by  Hevelius. 
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ANTARCTIC  pole,  denotes  the  fouthern  pole,  ot 
foiithern  end  of  tlie  earth’s  axis. — Tire  flars  near  the 
antardlic  pole  never  appear  above  oiir  horizon  in  thefe 
latitudes. 

ANTARCTIC  circle,  is  a fmall  circle  parallel  to  the 
equator,  at  the  dlRance  of  23°  28'  from  the  antardfic 
or  fouth  pole. — At  one  time  of  the  year  the  fun  never 
rlfes  above  the  horizon  of  any  part  within  this  circle; 
and  at  other  times  he  never  fets. 

ANTARES,  in  Aftronomy,  the  fcorpion’s  heart ; 
a fixed  liar  of  the  firll  magnitude,  in  the  corillellatioii 
Scorpio, 

ANTECANIS  is  ufed  by  fome  afironomers,  to 
denote  the  conllellatlon  otherwnTe  called  canis  minor,  or 
the  liar procyon.  It  is  fo  called,  as  preceding,  or  being 
the  forerunner  of  the  catiis  major,  and  rifing  a little 
before  it. 

ANTECEDENT,  of  a ralio,  denotes  the  firfl:  of 
the  two  terms  of  the  ratio,  or  that  term  whlcli  is  com- 
pared with  the  other.  Thus,  if  the  ratio  be  2 to  3, 
or  a to  b ; then  2 or  a Is  the  antecedent. 

ANTECEDENTAL  Method,  Is  a branch  of  gene- 
ral geometrical  proportion,  or  unlvcrfal  comparifon, 
and  is  derived  from  an  examination  of  the  Antecedents 
of  ratios,  having  given  confequents,  and  a given  lland- 
ard  of  comparifon,  In  the  various  degrees  of  augmen- 
tation and  diminution,  which  they  undergo  by  com- 
pofition  and  decompofition.  This  is  a method  Invented 
by  Mr.  James  Glenie,  and  publilhed  by  him  in  1793; 
a method  which  he  fays  he  always  ufed  inllead  of  the 
fluxional  and  differential  methods,  and  which  is  to- 
tally unconnedled  with  the  ideas  of  motion  and  time. 
Sec  the  author’s  treatife  above-mentioned,  and  alfo  his 
Dodlrlne  of  Univerfal  Comparifon,  or  General  Propor- 
tion, 1789,  upon  wdilch  it  is  founded. 

ANTECEDENT! A,  a term  ufed  by  aflronomers 
when  a planet  &:c  moves  w'cftward,  or  contrary  to  the 
order  of  the  figns  ailes,  tanrus,  &:c. — Like  as  when  It 
moves  eallward,  or  according  to  the  order  of  the  figns 
aries,  taiinis,  <nc,  it  Is  then  faid  to  move  in  confequentia. 

ANTECIANS,  or  ANTOECi,in  Geography,  the  in- 
habitants of  the  earth  which  occupy  the  fame  femicircle 
of  the  fame  meridian,  but  equally  diftant  from  the  equa- 
tor, the  one  north  and  the  other  fouth  ; as  Peloponncius 
and  the  Cape  of  Good  Hope. 

Thefe  have  their  noon,  or  midnight,  or  any  other 
hour  at  the  fame  time  ; but  their  feafons  are  contrary, 
being  fpring  to  the  one,  when  it  Is  autumn  with  the 
utiier  ; and  fiimmer  with  the  one,  when  it  is  winter 
with  the  other  ; alfo  the  length  of  the  day  to  the  one, 
is  equal  to  the  length  of  night  to  the  other. 

ANTES,  in  Aiclilteclnre,  are  fmall  pilaffres  placed 
at  the  corners  of  buildings. 

ANTICS,  in  Architedlure,  figures  of  men,  bcafls, 
&c,  placed  as  ornaments  to  buildings. 

AN'riCUM,  in  Architc<i:lure,  a pereb  before  a 
door  ; alfo  tliat  part  of  a temple,  which  is  called  the 
outer  temple,  and  lies  between  the  body  of  the  temple* 
and  the  portico. 

AN'ril.OGARITllM,  tlic  complement  ofthelog- 
arithm  of  a fine,  tangent,  fecant,  &c,  to  that  ofitlie  radi- 
us. This  is  found  by  beginningat  the  left  hand,  fnb- 
trading  each  figure  from  9,  and  the  laff  figure  from  10. 
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ANTINOUS,  in  Jljlrommy^  a part  of  the  conftd- 
lation  aqvila^  or  the  eagle, 

ANTIOCHIAN  Scci^  or  Academy,  a name  given 
to  the  fifth  academy  or  branch  of  academics.  It  took 
its  name  from  being  founded  by  Antlochus,  a philofo- 
pher  contemporary  with  Cicero  ; and  it  fucceeded  the 
Philonian  academy.  Though  Antiochus  was  really  a 
Hole,  and  only  nominally  an  academic. 

Antiochian  epocha,  a method  of  computing  time 
from  the  proclamation  of  liberty  granted  to  the  city  of 
Antioch,  about  the  time  of  the  battle  of  Pharfalia, 

ANTIPARALLEL.S,  in  Geometry,  are  thofe  lines 
which  make  equal  angles  with  two  other  lines,  but  con- 
trary ways  ; that  is,  calling  the  former  pair  the  firfl;  and 
2d  lines,  and  the  latter  pair  the  3d  and  4th  lines,  if  the 
angle  made  by  the  ift  and  3d  lines  be  equal  to  the 
angle  made  by  the  2d  and  4th,  and  contrariwife  the 
angle  made  by  the  ift  and  4th  equal  to  the  angle  made 
by  the  2d  and  3d  ; then  each  pair  of  lines  are  anti- 
parallels with  refpedf  to  each  other,  viz,  the  lirft  and 
2d,  and  the  3d  and  4th.  So,  if  AB  and  AC  be  any 
two  lines, and  FCand  FE  be  two  others,  cutting  themfo, 
that  the  angle  B is  equal  to  the  angle  E, 
and  the  angle  C is  equal  to  the  angle  D ; 
then  EC  and  DE  are  antiparallels  with  refpedf  to  AB 
amd  AC  ; alfo  thefe  latter  are  antiparallels  with  re- 
gard to  the  two  former. — See  alfo  Subcontrary, 

It  is  a property  of  thefe  lines,  that  each  pair  cuts 
the  other  into  proportional  fegments,  taking  them  al- 
ternately, 

viz  AB  : AC  : : AE  : AD  : : DB  : EC, 
and  FE  ; FC  : : FB  ; FD  : : DE  ; BC, 
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ANTIPODES,  in  Geography,  are  the  inhabitants 
of  two  places  on  the  earth  which  lie  diametrically 
oppofite  to  each  other,  or  that  walk  feet  to  feet ; that 
is,  if  a line  be  continued  down  from  our  feet,  quite 
through  the  centre  of  the  earth,  till  it  arrive  at  the  fur- 
face  on  the  other  fide,  it  will  fall  on  the  feet  of  our 
Antipodes,  and  •Dice  Antipodes  are  180  de- 

grees diflan t from  each  other  every  way  on  the  furface 
of  the  globe  ; they  have  equal  latitudes,  the  one  north 
^and  the  other  fouth,  but  they  differ  by  180  degrees  of 
longitude  : they  have  therefore  the  fame  climates  or 
degrees  of  heat  and  cold,  with  the  fame  feafons  and 
length  of  days  and  nights  ; but  all  of  thefe  at  con- 
trary times,  it  being  day  to  the  one,  when  it  is  night 
to  the  other,  fummer  to  the  one  when  it  is  winter 
to  the  other,  &c  : they  have  alfo  the  fame  horizon, 
the  one  being  as  far  dlflant  on  the  one  fide,  as  the 
«ther  on  the  other  fide,  and  therefore  when  the  fun, 
&c,  rlfes  to  the  one,  it  fets  to  the  other.  The  Anti- 
podes to  London  are  a part  a little  fouth  of  New 
Zealand. 

It  has  been  faid  that  Plato  firft  ftarted  the  notion 
of  Antipodes,  and  gave  them  the  name  ; which  is  likely 
enough,  as  conceived  that  the  earth  was  of  a glo- 
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bular  figure.  But  there  have  been  many  diTputes  upon 
tliis  point,  and  the  fathers  of  the  church  have  greatly 
oppofed  it,  efpecially  Ladlantius  and  Auguftine,  who 
laughed  at  it,  and  were  greatly  perplexed  to  think  how 
men  and  trees  fliould  hang  pendulous  in  the  air  with 
their  feet  uppermoft,  as  he  thought  they  muft  do,  in 
the  other  hemifphere. 

ANTISCIANS,  or  ANTISCII,  in  Geography, 
are  people  who  dwell  in  the  oppofite  hemifpheres  of 
the  earth,  as  to  north  and  fouth,  and  whofe  fhadows 
at  noon  fall  in  contrary  directions.  This  terra  is  more 
general  than  antcect,  with  which  it  is  often  confounded* 
clans  Hand  contradiftinguifhed  from  Perifcians* 

Anti  sen  is  alfo  ufed  fometimes,  among  AJlrologers^ 
for  two  points  of  the  heavens  equally  dlflant  from  the 
tropics.  Thus  the  figns  Leo  and  Taurus  are  ac- 
counted antlfcn  to  each  other. 

ANTCECI,  fee  Antecians. 

A-PERTURE,  in  Geometry,  is  ufed  for  the  fpace 
left  between  two  lines  which  mutually  incline  towards 
each  other,  to  form  an  angle. 

Aperture,  in  Optics,  is  the  hole  next  the  objedl- 
glafs  of  a telefcopc  or  microfeope,  through  which  the 
light  and  the  image  of  the  objedl  come  into  the  tube, 
and  are  thence  conveyed  to  the  eye. 

Aperture  is  alfo  underftood  of  that  part  of  the 
objeA-glafs  itfelf  which  covers  the  former,  and  which 
is  left  pervious  to  the  rays. 

A great  deal  depends  upon  having  a juft  aperture.— 
To  find  it  experimentally  : apply  feveral  circles  of  dark 
paper,  of  various  fizes,  upon  the  face  of  the  glafs,  from 
the  breadth  of  a flraw,  to  fuch  as  leave  only  a fmall 
hole  in  the  glafs  ; and  with  each  of  thefe,  feparately, 
view  fome  diflinft  obje6ls,  as  the  moon,  ftars,  &c  5 
then  that  aperture  Is  to  be  chofen  through  which  they 
appear  the  moll  diftindlly. 

Huygens  firft  found  the  ufe  of  apertures  to  conduce 
much  to  the  perfe6;Ion  of  telefcopes  ; and  he  found 
by  experience  \Dtoptr.  prop.  0.)  that  the  bell  aperture, 
for  an  objedl -glafs,  for  example  of  30  feet,  is  to  be  de 
termined  by  this  proportion,  as  30  to  3,  fo  is  the  fquare 
root  of  30  times  the  diftance  of  the  focus  of  any  lens, 
to  its  proper  aperture  : and  that  the  focal  diftanccs 
of  the  eye-glafies  are  proportional  to  the  apertures* 
And  M.  Auzout  fays  he  found,  by  experience,  that  the' 
apertures  of  telefcopes  ought  to  be  nearly  in  the  fub- 
dupllcate  ratio  of  their  lengths.  It  has  alfo  been 
found  by  experience  that  objett-glaffes  will  admit  of 
greater  apertures,  if  the  tubes  be  blacked  within  fide, 
and  their  paffage  furnlfhed  with  wooden  rings. 

It  is  to  be  noted,  that  the  greater  or  lefs  aperture 
of  an  objedl-glafs,  does  not  increafe  or  diminifh  the 
vifible  area  of  the  objedl ; all  that  Is  effedled  by  this, 
is  the  admittance  of  more  or  fewer  rays,  and  confe- 
quently  the  more  or  lefs  bright  the  appearance  of  the 
objedl.  But  the  largenefs  of  the  aperture  or  focal 
diftance,  caufes  the  irregularity  of  its  refradlions. 
Hence,  In  viewing  Venus  through  a telefcope,  a much 
lefs  aperture  Is  to  be  ufed  than  for  the  moon,  or  Ju- 
piter, or  Saturn,  becaufe  her  light  is  fo  bright  and 
glaring.  And  this  circumftance  fomewhat  invalidates 
and  difturbs  Azout^s  proportion,  as  is  ftiewn  by  Dr* 
Hook,  Phllof.  Tranf,  No.  4. 

APHELION,  or  ApHELmM,  in  Aftronomy,  that 
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point  In  tKe  orblt^  of  the  earth,  or  a planet,  in  which 
it  is  at  the  greateft  diftance  from  the  fun.  Which  is 
the  point  A (in  the  fig.  to  the  art.  Anomaly)  or  ex- 
tremity of  the  tranfverfe  axis,  of  the  elliptic  orbit, 
fartheft  from  the  focus  S,  where  the  fun  is  placed  ; and. 
diametrically  oppofite  to  the  perihelion  B,  or  nearer 
extremity  of  the  fame  axis.  In  the  Ptolemaic  fyftem, 
or  in  the  fuppofition  that  the  fun  moves  about  the  earth, 
the  aphelion  becomes  the  apogee* 

The  times  of  the  aphelia  of  the  primary  planets, 
may  be  known  by  their  apparent  diameter  appearing 
the  fmalleft,  and  alfo  by  their  moving  flow’eft  in  a given 
time.  Calculations  and  methods  of  finding  them  have 
been  given  by  many  aflronomers,  as  Ricciolli,  Almng, 
JA(yv,  lib.  7,  fedl.  2 and  3 ; Wolfius,  Elcm.  AJlron. 
§ 659;  Dr.  Halley,  Philof.  Tranf»  No.  128;  Sir  I. 
Newton,  Pnneip,  lib.  3,  prop.  14;  Dr.  Gregory,  AJlron, 
lib.  3,  prop.  14;  Keil,  AJlron,  LeS.  ",  De  la  Lande, 
Memoir es  lie V Acad,  1755,  1757»  1 766,  and  in  his 
liv.  22  ; alfo  in  the  writings  of  MM.  Euler,  D’Alem- 
bert, Clairaut,  &c,  upon  attradlion. 

The  aphelia  of  the  planets  are  not  fixed  : for  their 
mutual  adlions  upon  one  another  keep  thofe  points  of 
their  orbits  in  a continual  motion,  which  is  greater  or 
lefs  in  the  different  planets.  This  motion  is  made  in 
confequentia,  or  according  to  the  order  of  the  figns ; 
and  Sir  I.  Newton  fliews  that  it  Is  in  the  fefquiplicate 
ratio  of  the  diftance  of  the  planet  from  the  fun,  that  is, 
as  the  fq^uare  root  of  the  cube  of  the  diftance. 

The  quantities  of  this  motion,  as  well  as  the  place 
of  the  aphelion  for  a given  time,  are  varioufly  given 
by  different  authors.  Kepler  flates  them,  for  the  year 
1700  as  in  the  following  table. 


Planets, 

Mercury 

Vj’ 

Aphelion. 

.5' 

30 

Annual  Motion. 

f " 

1 45 

Venus 

3 

24 

27 

1 

18 

Mars 

m 

0 51 

29 

I 

7 

Jupiter 

8 10 

40 

0 

47 

Saturn 

28 

3 

48 

1 

10 

The  Earth 

s 

8 25 

30 

By  De  la  Hire  they  are  given  as  follows,  for  the  fame 

year  1700. 


Planets. 

Aphelion. 

Annual  Motion. 

Mercury 

"kf  13®  3'  40/' 

I 39 

Venus 

.x:'  6 56  10 

1 26 

Mars 

n 0 35  23 

I 7 

J^upiter 

=e=  10  17  14 

I 34 

Saturn 

iP  29  14  41 

I 22 

And  De  la  Lande  ftates  them  as  follows,  for  the  year 

J750. 


Planets. 

Aphelion. 

Secular  Mot 

ion. 

Mercury 

8* 

33' 

•>  / 

✓ / 

40 

Venus 

10 

8 

1 3 

4 

10 

0 

Mars 

5 

I 

28 

1 

51 

40 

, Jupiter 

6 

10 

22 

I 

43 

20 

Saturn 

8 

29 

53 

2 

23 

20 

The  Earth  1 

9 

8 

38 

1 

A9 

10 

Of  the  new  planet,  Herfchel,  or  Georglum  Sidus,  the 
aphelion  for  1 790  was  1 1 * 23°  29'  42'',  and  its  annual  mo- 
tion 50"''!.  SeeConnoiffance  desTemps,  1786  and  1787. 

APHRODISIUS,  in  Chronology,  denotes  the 
eleventh  month  in  the  Bythinian  year,  commencing  on 
the  25th  of  July  in  ours. 

APIAN  or  Appian  (Peter),  called  in  German 
Bienewitz,  a celebrated  aftronomer  and  mathematician, 
was  born  at  Leifnig  or  Leipfick  in  Mifnia,  1495*  and 
made  profeflbr  of  mathematics  at  Ingolftadt,  in  1524, 
where  he  died  in  the  year  1552,  at  57  years  of  age. 

Apian  wrote  treatifes  upon  many  of  the  mathema- 
tical fclences,  and  greatly  improved  them  ; more 
efpecially  aftronomy  and  aftrology,  w'hich  in  that  age 
WTre  much  the  fame  thing  ; alfo  geometry,  geography, 
arithmetic,  5:c.  He  particularly  enriched  aftronomy 
w'ith  many  Inftruments,  and  obfervations  of  eclipfes, 
comets,  &c.  His  principal  work  was  the  AJlronomicuvi 
Cafareumy  publiftied  in  folio  at  Ingolftadt  In  1540, 
and  which  contains  a number  of  interefting  obfervations, 
with  the  deferiptions  and  divifions  of  inftruments.  ' In 
this  work  he  predidls  eclipfes,  and  conftrufts  the  figures 
of  them  in  piano.  In  the  2d  part  of  the  work,  or 
the  Meteorofeopium  Planuniy  he  gives  the  defcriptlon 
of  the  moft  accurate  aftrofiomical  quadrant,  and  its  ufes. 
To  it  are  added  obfervations  of  five  different  comets, 
viz.  In  the  years  1531,  1532,  1533,  1338,  and  1539; 
where  he  firft  fhews  that  the  tails  of  comets  are  al- 
ways projedfed  in  a diredllon  from  the  fun. 

Apian  alfo  wrote  a treatife  on  Cofmography^  or  Geo- 
graphical  InJlruBiony  with  various  mathematical  Inftru- 
ments. This  w'ork  Volfius  fays  he  publiftied  in  1524, 
and  that  Gemma  Frifius  republlftied  it  in  1540.  But 
VVeldler  fays  he  wrote  It  only  in  i 530,  and  that  Gemma. 
Frifius  publiftied  it  at  Antwerp  in  1550  and  1584, 
with  obfervations  of  many  eclipfes.  The  truth  may 
be,  that  perhaps  all  thefe  editions  were  publiftied. 

In  1333  he  made,  at  Norimberg,  a curious  inftru- 
ment,  which  from  Its  figure  he  called  Folium  PopuU ; 
which,  by  the  fun’s  rays,  ftiewed  the  hour  in  all  parts 
of  the  earth,  and  even  the  unequal  hours  of  the  Jews. 

I'll  1534  publiftied  his  Infcriptignes  Orbis, 

In  1540,  his  Injlrumenlum  Sinuum^Jive  Primi  Mobilis^ 
with  ICO  problems. 

Befide  thefe.  Apian  was  the  author  of  many  other 
works : among  which  may  be  mentioned  the  Ephe- 
merides  from  the  year  1534  to  1570:  Books  upon 
Shado'ws  : Arithmetical  Cent'dogues : Books  upon  Arith- 
mcliCj  with  the  Rule  of  Cofs  (Algebra)  demonftrated  ; 
Upon  Gauging:  Almanacs^  with  Aftrological  diredlions: 
A book  upon  Conjuniiions : Ptolemy,  with  very  cor- 
reft  figures,  drawn  in  a quadrangular  form  : Ptolemy’s 
works  In  Greek  : Books  of  Eclipfes  : the  works  of 
Azoph,  a very  ancient  aftrologcr  : the  works  of  Gebre: 
the  Perfpedlive  of  Vitello  : of  Critical  Days,  and  of 
the  Rainbow;  a new  Aftronomical  and  Geometrical 
Radius,  with  various  ufes  of  Sines  and  Chords  ; Uiii- 
verfal  Aftrolabe  of  Numbers:  Maps  of  the  World,  and 
of  particular  countries  : <Scc,  5cc. 

Apian  left  a foil,  who  many  years  afterwards  tauglit 
mathematics  at  Ingolftadt,  and  at  Tuhinga.  Tycho 
has  preferved  (Progyvnn.  p.  643)  his  letter  to  the  Land- 
grave of  Heflfe,  in  which  he  gives  an  opinion  on  the 
new  ftarin  Caftiopcia,  of  the  ycar-i572. 
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One  of  tlie  comets  obferved  by  Apian,  vi?:,  that  of 
1532,  had  its  elements  nearly  the  fame  as  of  one  ob- 
ferved  128^  years  after,  viz,  in  1661,  by  Hevelius  and 
other  Aftronomers ; from  hence  Dr.  Halley  judged 
that  tliey  were  the  fame  comet,  and  that  therefore  it 
might  be  expelled  to  appear  again  in  the  beginning  of 
the  year  1789.  But  it  was  not  found  that  it  returned 
at  this  period,  although  the  aftronomers  then  looked 
anxioufly  for  it  ; and  it  is  doubtful  whether  the  dif- 
appointment  might  be  owing  to  its  paffing  unobferved, 
or  to  any  errors  in  the  obfervations  of  Apian,  or  to  its 
period  being  dillurbed  and  greatly  altered  by  the  adfions 
of  the  fuperior  planets,  &c. 

APIS,  mufca,  the  Aee,  or  Fiy^  in  Aftronomy,  one  of 
the  fouthern  conftellations,  containing  4 liars. 

A POCATASTASIS,  in  Aftronomy,  is  the  period 
of  a planet,  or  the  time  employed  In  returning  to  the 
fame  point  of  the  zodiac  from  whence  it  fet  out. 

APOGEE,  Apogaum,  in  Aftronomy,  that  point  in 
the  orbit  of  the  lun,  moon,  &c,  which  Is  fartheft  dif- 
tant  from  the  earth.  It  is  at  the  extremity  of  the  line 
of  the  apfides  ; and  the  point  oppofite  to  It  Is  called 
the  perigee,  where  the  diftance  from  the  earth  is  the 
Icaft, 

The  ancient  aftronomers,  confidering  the  earth  as  the 
centre  of  the  fyftem,  chiefly  regarded  the  apogee  and 
perigee  : but  the  moderns,  placing  the  fun  in  the  cen- 
tre, change  thefe  terms  for  the  aphelion  and  perihelioru 
> — The  apogee  of  the  fun.  Is  the  fame  thing  as  the 
aphelion  of  the  earth  ; and  the  perigee  of  the  fun  is  the 
fame  as  the  perihelion  of  the  earth. 

The  manner  of  Ending  the  apogee  of  the  fun  or 
moon,  is  Ihewn  by  Ricciolus,  Ahnag,  Nov»  lib.  3,  cap. 
24  ; by  Wollius  in  Elem.  AJlr,  ^ 618  ; by  Caftini,  Dc 
la  Hire,  and  many  others ; fee  alfo  Memoires  de  PAca~ 
demie,  the  Philof.  Eranf.  vol.  5,  47,  &c. 

The  quantity  of  motion  in  the  apogee  may  be  found 
by  comparing  two  obfervations  of  it  made  at  a great 
diftance  of  time  ; converting  the  difference  into  minutes, 
and  dividing  them  by  the  number  of  years  elapfed  be- 
tween the  two  obfervations ; the  quotient  gives  the 
annual  motion  of  the  apogee.  Thus,  from  an  obferva- 
tion  made  by  Hipparchus  in  the  year  before  Chrlft  140, 
by  which  the  fun’s  apogee  was  found  5®  30^  of  n ; 
and  another  made  by  Ricciolus,  in  the  year  of  Chrift 
1646,  by  which  it  was  found  7°  zo'  of  s ; the  annual 
motion  of  the  apogee  is  found  to  be  d z" . And  the 
annual  motion  of  the  moon’s  apogee  is  about  i*  10° 
39/  52A 

But  the  moon’s  apogee  moves  unequably.  When 
ftie  Is  in  the  fyzygy  v/ith  the  fun,  It  moves  forwards  ; 
but  in  the  quadratures,  backwards  ; and  rhefe  progref- 
fions  and  regreffions  are  not  equable,  but  It  goes  for- 
ward flower  when  the  moon  is  in  the  quadratures,  or 
perhaps  goes  retrograde ; and  when  the  moon  is  in  the 
fyzygy,  It  goes  forward  the  fafteft  of  all. — See  alfo 
Newton’s  Theory  of  the  Moon  for  more  upon  this 
fubjedl:. 

APOLLODORUS,  a celebrated  architcft,  under 
Trajan  and  Adrian,  was  born  at  Damafcus,  and 
flourlflied  about  the  year  of  Chrift  100.  He  had  the 
diredlion  cf  the  ftone  bridge  which  Trajan  ordered  to 
be  built  over  the  Danube  in  the  year  104,  which  was 
cfteemed  the  moft  ;nagniftccnt  of  all  the  works  of  that 
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emperor.  Adrian,  one  day  as  Trajan  was  difcourEng- 
wlth  this  architedl  upon  the  buildings  he  had  raifed 
at  Rome,  would  needs  give  his  judgment,  in  which  he 
fliewed  that  he  knew  nothing  of  the  matter.  Apol- 
lodorus  turned  upon  him  bluntly,  and  laid  to  him,  Go 
paint  Citruls,  for  you  are  very  ignorant  of  the  fubjedt 
we  are.  talking  upon.  Adrian  at  this  time  boafted  of 
his  painting  Citruls  well.  This  w^as  the  ftrft  ftep  to- 
wards the  ruin  of  Apoliodorus  ; a flip  which  he  was 
fo  far  from  attempting  to  retrieve,  that  he  even  added 
a new  offence,  and  that  too  after  Adrian  was  advanced 
to  the  empire,  upon  the  following  occafion  ; Adrian 
fent  to  him  the  plan  of  a temple  of  Venus  ; a.nd  though 
he  aflced  his  opinion,  yet  to  fliew  that  he  had  no  need 
of  him,  and  that  he  did  not  mean  to  be  directed  by  it, 
the  temple  was  already  built.  Apoliodorus  ^wrote  his 
opinion  very  freely,  and  reiuarked  filch  effential  faults 
in  it,  as  the  emperor  could  neither  deny  nor  remedy. 
He  flrev/ed  that  it  was  neither  high  nor  large  enough 
that  the  ftatues  in  it  were  difproportioned  to  its  bulk 
for,  fald  he,  if  the  goddeffes  fhould  have  a mind  to  rife 
and  go  out,  they  could  not  do  it.  This  put  Adrian 
into  a great  paflion,  and  prompted  him  to  the  deftruc- 
tion  of  Apoliodorus.  Ele  baniflied  him  at  firft  ; then 
under  the  pretext  of  certain  fuppofed  crimes,  of  whicii 
he  had  him  accufed,  he  at  laft  put  him  to  death. 

APOLLONIUS,  of  Perga,  a city  in  Pamphiiia,  was 
a celebrated  geometrician  who  flourifiied  in  the  reiga 
of  Ptolemy  Euergetes,  about  240  years  before  Chrift 
being  about  60  years  after  Euclid,  and  30  years  later 
than  Archimedes.  He  ftudie.d  a long  time  In  Alex- 
andria under  the  difeipks  of  Euclid  ; and  afterwai'ds 
he  compofed  feveral  curious  and  ingenious  geometrical 
works,  of  which  only  his  books  of  Conic  Sections  are 
now ‘extant,  and  even  thefe  not  perfeEl.  For  it  ap- 
pears from  the  author’s  dedicatory  epiftle  to  Eudemus,. 
a geometrician  in  Pergamus,  that  this  work  conftfted 
of  8 books  ; only  7 of  which  however  have  come  down 
to  us. 

From  the  Collections  of  Pappus,  and  the  Comment- 
aries of  Eutocius,  it  appears  that  Apollonius  was  the 
author  of  various  pieces  in  geometry,  on  account  oF 
which  he  acquired  the  title  of  the  Great  Geometrician. 
His  Conics  was  the  principal  of  them.  ,Some  have 
thought  that  Apollonius  appropriated  the  writings  and 
difcoveiies  of  Archimedes  ; Heraclius,  who  wrote  the. 
life  of  Archimedes,  affirms  it;  though  Eutocius  en- 
deavours to  refute  him.  Although  it  Ihould  be  allowed 
a groundlefs  fuppofition,  that  Archimedes  was  the  ftrit. 
who  wrote  upon  Conics,  notwithftauding  his  treatife 
on  Conics  was  greatly  efteemed  ; yet  It  is  highly  pro-^^ 
bable  that  Apollonius  would  avail  himfelf  of  the  writings, 
of  that  author,  as  well  as  others  who  had  gone  before: 
him;  and,  upon  the  whole,  he  is  allow^ed.  the  honour 
of  explaining  a ditlicuk  fubjedl  better  than  had  been 
done  before  ; having  made  ieveral  Improvements  both 
in  Archimedes’s  problems,  and  in  Euclid.  His  work 
upon  Conics  was  doubtkfs  the  moft  perfeeff  of  the  kind 
among  the  ancients,  and  In  fome  refpedls  among  the 
moderns  alfo.  Before  Apollonius,  it  had  been  ciiftom- 
ary,  as  we  are  informed  by  Eutocius,  for  the  writers, 
on  Conics  to  require  three  different  forts  of  cones  to 
cut  the  three  different  ieclions  from,  viz,  the  parabola 
from  a right  angled  cone,  the  ellipfe  from  an  acute,  and 
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tlie  hyperbola  from  an  obtiife  cone  ; becaiife  they  al- 
ways fuppoled  the  fedlions  made  by  a plane  cutting  the 
cones  to  be  perpendicular  to  the  fide  of  them  : but 
Apollonius  cut  his  fedtions  all  from  any  one  cone,  by 
only  varying  the  inclination  or  pofition  of  the  cutting 
plane  ; an  improvement  that  has  been  followed  by  all 
other  authors  fince  his  time.  But  that  Archimedes 
was  acquainted  with  the  fame  manner  of  cutting  any 
cone,  is  fufficiently  proved,  againft  Eutotius,  Pappus, 
and  others,  by  Guido  Ubaldus,  in  the  beginning  of 
his  Commentary  on  the  2d  book  of  Archimedes’s  Equi- 
ponderantes,  publiihed  at  Fifa  in  1588. 

The  firll  four  books  of  Apollonius’s  Conics  only 
have  come  down  to  us  in  their  original  Greek  language; 
but  the  next  three,  tlie5tb,  6th,  and  7th,  in  an  Arabic 
verfion  ; and  the  8th  not  at  all.  Thefe  have  been 
commented  upon,  tranflated,  and  publiihed  by  vanous 
authors.  Pappus,  in  his  Matlicmatical  Collediions, 
has  left  forne  account  of  his  various  works,  with  notes 
and  lemmas  upon  them,  and  particularly  on  the  Conics. 
And  Eutocius  wrote  a regular  elaborate  commentary  on 
the  propofitions  of  feveral  of  the  books  of  the  Conics. 

The  firft  four  bocks  were  badly  tranflated  by  Joan. 
Baptilla  Memmius.  But  a better  tranflation  of  thefe 
in  Latin  was  made  by  Commandine,  and  publiihed  at 
Bononia  in  1 766. — Yoflius  mentions  an  edition  of  the 
Conics  in  1650;  the  3th,  6th,  and  7th  books  being 
recovered  by  Golius. — Claude  Richard,  ProfefTor  of 
mathematics  in  the  imperial  college  of  his  order  at 
Madrid,  in  the  year  1632,  explained,,  in  his  public  lec- 
tures, the  firil  four  books  of  Apollonius,  which  were 
printed  at  Antwerp  in  1655,  in  folio,’ — And  the  Grand 
Duke  Ferdinand  the  ."jd,  and  his  brother  Prince  Leo- 
pold de  Medicis,  emplo^^ed  a profeiTor  of  the  Oriental 
languages  at  Rome  to  tranflatc  the  5th,  6th,  and  7th 
books  into  Latin.  Thefe  were  publiihed  at  Florence 
in  1661,  by  Borelli,  with  his  own  notes,  who  alfo 
maintains  that  thefe  books  are  the  genuine  production 
of  Apollonius,  by  many  ftrong  authorities,  againft 
Mydorgius  and  others,  who  fufpeCted  that  thefe  three 
books  were  not  the  real  production  of  Apollonius. 

As  to  the  8th  book,  fome  mention  is  made  of  it  in 
a book  of  Golius’s,  where  he  had  written  that  it  had 
not  been  tranflated  into  Arabic  ; becaufe  it  was  want- 
ing in  the  Greek  copies,  from  whence  the  Arabians 
tranflated  the  others.  But  the  learned  Merfenne,  in 
the  preface  to  Apollonius’s  Conics,  printed  in  his  Syn- 
opfis  of  the  Mathematics,  quotes  the  Arabic  philofo- 
pher  Aben  Nedin  for  a work  of  his  about  the  year  400 
of  Mahomet,  in  which  is  part  of  that  Sth  book,  and 
who  aflerts  that  all  the  books  of  Apollonius  are  extant 
in  his  language,  and  even  more  ;than  are  enumerated 
by  Pappus  ; and  Vofllus  fays  he  has  read  the  fame; 
De  Scientiis  Mnthematicis,  pa.  35. — A neat  edition  of 
the  firft  four  books  in  Latin  was  publiihed  by  Dr.. 
Barrow,  in  4to,  at  London  in  1673. — A magnificent 
edition  of  all  the  8 books,  was  publiihed  in  folio,  by 
Dr.  Halley,  at  Oxford  in  1710;  together  with  the 
Lemmas  of  Pappus,  and  the  Commentaries  of  Euto- 
cius. The  firft  four  in  Greek  and  Latin,  but  the  latter 
four  in  Latin  only,  the  8th  book  being  reftored  by 
himfelf. 

The  other  writings  of  Apollonius,  mentioned  by 
Pappus,  arc. 


1.  The  SeTion  of  a Ratio,  or  Proportional  Sser' 
tions,  two  books. 

2.  The  Sedtion  of  a Space,  in  two  books, 

3.  Determinate  Sedtion,  in  two  books. 

4.  The  Tangencies,  in  two  books. 

5.  The  Inclinations,  in  two  books, 

6.  The  Plane  Loci,  in  two  books. 

The  contents  of  all  thefe  are  mentioned  by  Pappus, 
and  many  lemmas  are  delivered  relative  to  them  ; but 
none,  or  very  little  of  thefe  books  thcmfelves  have  de- 
feended  down  to  the  moderns.  From  the  account 
however  that  has  been  given  of  their  contents,  many 
reftorations  have  been  made  of  thefe  works,  by  the 
modern  mathematicians,  as  follow  : viz, 

Vieia^  Apollonius  Gallus.  The  Tangencies.  Paris, 
1600,  in  4to. 

Sneli'ius^  Apollonius  Batavus.  Determinate  Sedfion. 
Lugd.  1601,  4to. 

Stullius.)  Sedlio  Rationis  & Spatli,  1607. 

Ghetaldiis^  Apollonius  Redivivus.  The  Inclinations;^ 
Venice,  1607,  410. 

GhetalduSj  Supplement  to  the  Apollonius  Redivivus. 
Tangencies.  1607. 

Ghetaldusy  Apollonius  Redivivus,  lib.  2.  1613. 

jdlex.  Jinde-rfon^  Supplem.  Apol.  Redivivi.  Inclin, 
Paris,  1612,  gto. 

Alex,  Anderfon^  Pro  Zetetico  Apolloniani  proble- 
matls  a fe  jam  pridem  edito  in  Suppiemento  Apollonli 
Redivivi.  Paris,  1613, 

Schooten,  Loca  Plana  reftituta.  Lug.  Bat.  1656. 

Fermat^  Loca  Plana,  2 lib.  Tolof.  1679,  f^h’o. 

Halley^  Apol.  de  Sedfione  Rationis  libri  duo  ex  Afa- 
bico  MS.  Latine  verfi  duo  reftltuti.  Oxon.  1706,  8vo.. 

Simforiy  Loca  Plana,  libri  duo.  Glafg.  i 749,  4to. 

Sinfprif  Sedlio  Determinat.  Glafg.  1776,  4to, 

Horjlty,  Apol.  Inclinat.  libri  duo.  Oxon.  1770,  4to.. 

La'zvforii  The  Tangencies,  in  two  books.  Lond, 
1771,  4ro. 

Zja'zvfon,  Determinate  Sedtion,  two  books.  Lond. 

4to. 

IValesy  Determinate  Sedtion,  two  books.  Lond. 
1772,410. 

llurro'w,  The  Inclinations.  Lond.  1779,  4to. 

APONO  (Peter  de),,  a learned  aftronomer  and  phi- 
lofopher,  was  born  at  Apono  near  Padua,  about  the 
year  1230.  Pie  deferibed  the  AJlrolahium  Plaumriy  by^ 
which  were  fliewn  the  equations  of  the  celeftial  houfes 
for  any  hour  and  minute,  and  for  any  part  of  the  world  ;• 
it  was  publiflied  at  Venice  In  1502.  He  acquired  the 
name  of  the  Goncil'iator,  on  account  of  a book  of  his,  in. 
which  he  reconciles  the  writings  of  the  ancient  philo- 
fophers  and  phyliclans ; the  book  was  publiihed  at 
Venice  In  1483.  He  refided  at  Padua,  where,  from^ 
his  pradtifing  medicine,  and  his  fleill  in  aftronomyq  he 
fell  under  the  fufpicion  of  magic.  He  died  in  1316, 
at  66  years  of  age. 

AI'OPHYGE,  in  Architedlure,  is  a concave  part  or 
ring  of  a column,  lying  alrove  or  below  the  flat  member;, 
and  it  owes  its  origin  to  the  ring  by  which  the  ends  of 
wooden  columns  were  hooped,  to  prevent  them  from 
fplitting. 

APOTOME,  the  remainder  or  difterence  between 
two  lines  or  quantities  which  are  only  cominenfurable 
in  power.  Such  is  the  difterence  between  1 and  a/,  2-^, 


or  tlie  difference  between  the  fide  of  the  fquare  and 
its  diagonal. 

The  term  is  ufed  by  Euclid  ; and  a pretty  full  ex- 
planation of  fuch  quantities  is  given  in  the  tenth  book 
of  his  Elements,  where  he  diftinguiflies  fix  kinds  of 
apotomes,  and  (hews  how  to  find  them  all  geometrically. 

A POTOME  Prima^  'i^  when  the  greater  term  is  rational, 
and  the  difference  of  the  fquares  of  the  two  is  a fquare 
number  ; as  the  difference  3 — -v/^. 

Apotome  Secunda,  Is  when  the  lefs  number  is  ra- 
tional, and  the  fquare  root  of  the  difference  of  the 
fquares  of  the  two  terms,  has  to  the  greater  term,  a ratio 
expreflible  in  numbers;  fuch  is  becaufe  the 

difference  of  the  fquares  i8  and  i6  is  2,  and  \^2  is  to 

1 8 as  ^ I to  v'Q  or  as  i to  3. 

Ap  OTOME  Tcrtia^  is  when  both  the  terms  are  ir- 
rational, and,  as  in  the  fecond,  the  fquare  root  of  the 
difference  of  their  fquares,  has  to  the  greater  term,  a 
rational  ratio ; as  for  the  difference  of 

their  fquares  24  and  18  is  6,  and  ^6  is  to  \/24  as 
VI  to  'V/4  OP  as  I to  2. 

Apotome  ^wrta,  is  when  the  greater  term  is  a 
rational  number,  and  the  fquare  root  of  the  difference 
of  the  fquares  of  the  two  terms,  has  not  a rational  ratio 
to  it:  as  4 — ^3,  where  the  difference  of  the  fquares 
16  and  3 is  1 3,  and  a/  1 3 has  not  a ratio  in  numbers  to  4, 

Apotome  ^ilntay  Is  when  tiie  lefs  term  is  a rational 
number,  and  the  fquare  root  of  the  difference  of  the 
fquares  of  the  two,  has  not  a rational  ratio  to  the 
greater  ; as  — 2,  where  the  difference  of  the  fquares 
6 and  4 is  2,  and  \/2  to  -s/6  or  to  ^^3  or  i to  -s/3 
is  not  a rational  ratio. 

Apotome  Sexta,  is  where  both  terms  are  irrational, 
and  the  fquare  root  of  the  difference  of  their  fquares 
bas  not  a rational  ratio  to  the  greater  : as  \/2  ; 

where  the  difference  of  the  fquares  6 and  2 is  4,  and  >y,/4 
to  or  2 to  >^6,  is  not  a rational  ratio. 

The  doctrine  of  apotomes,  in  lines,  as  delivered 
by  Euclid  in  the  tenth  book,  is  a very  curious 
fubjeft,  and  has  always  been  much  admired  and 
cultivated  by  all  mathematicians  who  have  rightly  un- 
derftood  this  part  of  the  elements ; and  therefore  Peter 
Ramus  has  greatly  expofed  his  judgment  by  cenfuring 
that  book.  And  the  firft  algebraical  writers  in  Eu- 
rope commonly  employed  a confiderable  portion  of  their 
works  on  an  algebraical  expofitlon  of  that  book,  which 
led  them  to  the  doctrine  of  furd  quantities  ; as  Lucas 
de  Burgo,  Cardan,  Tartalea,  Stifelius,  Peletarius,  &c, 
&c.  See  alfo  Pappus,  lib.  4,  prop,  3,  and  the  introduc. 
to  lib.  7.  And  Dr.  Wallis’s  Algebra,  pa.  109. 

Apotome,  in  MuftCy  Is  the  difference  between  a 
greater  and  lefs  femitone,  being  exprefied  by  the  ratio 
of  128  to  12  9;, 

APPARENT,  that  which  Is  vlfible,  or  evident  to  the 
eye,  or  the  underftanding. 

Apparent  conjunilian  of  the  planets.  Is  when  a right 
line,  fuppofed  to  be  drawn  through  their  centres,  pafles 
through  the  eye  of  the  fpedlator,  and  not  through  the 
centre  of  the  earth. — And,  in  genera],  the  apparent 
conjuncfion  of  any  obje(?t;s,  is  when  they  appear  or  are 
placed  in  the  fame  right  line  with  the  eye. 

Apparent  Ahttudcy  Diameter y Dijlancey  Horlzoriy 
Magnitudey  Motioiiy  Placcy  Dimey  &c.  See  the  refpeftive 
fubflantives,  for  the  quantity  and  meafurcof  It. 


The  apparent  Hate  of  things.  Is  commonly  very  dif- 
ferent from  their  real  ftate,  either  as  to  diff.ance,  figure, 
magnitude,  pofition,  &c,  &c.  Thus, 

Apparent  ox  Ma^niiudcy  as  for  example 

of  the  heavenly  bodies,  Is  not  the  real  length  of  the 
diameter,  but  the  angle  which  they  fubtend  at  the  eye, 
or  under  which  they  appear.  And  hence,  the  angle,  or 
apparent  extent,  diminifliing  with  the  diflance  of  the 
objedl,  a very  fmall  obje6l,  as  AB,  may  have  the  fame 
apparent  diameter  as  a very  large  one  EG;  and  indeed 
the  obje<B;s  have  all  the  fame  apparent  diameter,  that  are 
contained  in  the  fame  angle  FEG.  And  if  thefe  are 
parallel,  the  real  magnitudes  are  directly  proportional 
to  their  diftances,- 


But  the  apparent  magnitude  varies  not  only  by  the 
diflance,  but  alfo  by  the  pofition  of  it.  So,  if  the  ob- 
jedl  CD  be  changed  from  the  diredl  pofition  to  the  ob- 
lique one  Qd,  its  apparent  magnitude  would  then  be 
only  the  angle  C'Kdy  inflead  of  the  angle  CED. 


If  the  eye  E be  placed  between  two  parallels  AB, 
CD,  thefe  parallels  will  appear  to  converge  or  come 
nearer  and  nearer  to  each  other  the  farther  they  are  con- 
tinued out,  and  at  lafl  they  will  appear  to  coincide  in 
that  point  where  the  fight  terminates,  which  will  hap- 
pen when  the  optic  angle  BED  becomes  equal  to  about 
one  minute  of  a degree,  the  fmallefl  angle  under  which 
an  obje6l  is  vifible. — Alfo  the  apparent  magnitudes  of 
the  fame  objedl  EG  or  BD,  feen  at  different  diflances, 
that  is  the  angles  FEG,  BED,  are  in  a lefs  ratio  than 
the  reciprocal  ratio  of  the  diflances,  or  the  diflance  in- 
creafes  in  a greater  ratio  than  the  angle  or  apparent 
magnitude  dlminiflies.  But  when  the  objedt  is  very 
remote,  or  the  optic  angle  is  very  fmall,  as  one  degree 
or  thereabouts,  the  angle  then  varies  nearly  as  the  dif- 
tance  reciprocally. 

But  although  the  optic  angle  be  the  ufual  or  fenfible 
meafure  of  the  apparent  magnitude  of  an  obje6l,  yet 
habit,  and  the  frequent  experience  of  looking  at  diflant 
objedls,  by  which  we  know  that  they  are  larger  than 
they  appear,  has  fo  far  prevailed  upon  the  imagination 
and  judgment,  as  to  caiife  this  too  to  have  fome  fhare 
in  our  efllmation  of  apparent  magnitudes  ; fo  that  thefe 
will  be  judged  to  be  more  than  in  the  ratio  of  the  optic 
angles. 

The  apparent  magnitude  of  the  fame  objedl,  at  the 
fame  diflance,  is  different  to  different  perfons,  and  dif- 
ferent animals,  and  even  to  the  fame  perfon,  w'hen 
Viewed  in  different,  lights  , all  which  may  be  occafioned 
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by  tbe  different  magnitudes  of  the  eye,  caufing  the  op- 
tic angle  to  differ  as  that  Is  greater  ot  lefs  : and  fince, 
in  the  fame  perfon,  the  more  light  there  comes  from  an 
object,  the  lefs  Is  the  pupil  of  the  eye,  looking  at  that 
ofejedt ; therefore  the  optic  angle  will  alfo  be  lefs, 
and  confequently  the  apparent  magnitude  of  the  objedl. 
Every  one  muff  have  experienced  the  truth  of  this,  by 
looking  at  another  perfon  in  a room,  and  afterwards 
abroad  in  the  funfhinc,  when  he  always  appears  fmaller 
than  in  a room  where  the  light  is  lefs.  So  alfo,  objefts 
up  in  the  air,  having  more  light  coming  from  them  than 
when  they  are  upon  the  ground,  or  near  it,  may  appear 
lefs  in  the  former  cafe  than  in  the  latter ; like  as  the 
ball  of  thecrofs  on  the  top  of  St.  PauPs  church,  which 
is  6 feet  in  diameter,  appears  lefs  than  an  objedl  of  the 
fame  diameter  feen  at  the  fame  diftance  below,  near 
the  ground.  And  this  may  be  the  chief  reafon  why  the 
fun  and  moon  appear  fo  much  larger  when  feen  in  the 
horizon,  w’-here  their  beams  are  weak,  then  when  they 
are  raifed  higher,  and  their  light  is  more  bright  and 
glaring:  *. 

Again,  if  the  eye  be  placed  in  a rare  medium,  and 
view  an  object  through  a denfer,  as  glafs  or  water,  hav- 
ing plane  furfaces  ; the  objedf  will  appear  larger  than  it 
is  : and  contrariwife,  fmaller.  And  hence  it  is  that  fifhes, 
and  other  objedfs,  feen  in  the  water,  by  an  eye  in  the 
air,  always  appear  larger  than  in  the  air. — In  like  man- 
ner, an  objedf  will  appear  larger  when  viewed  through 
a globe  of  glafs  or  water,  or  any  convex  fpherical  feg- 
ments  of  thefe  ; and,  on  the  contrary,  it  will  appear 
fmaller  when  viewed  through  a concave  of  glafs  or 
water. 

Apparent  Difianc:,  is  that  diftance  which  we  judge 
an  objedi  to  be  from  us,  when  feen  afar  off.  This  is 
commonly  very  different  from  the  true  dlftance  ; be- 
caufe  we  are  apt  to  think  that  all  very  remote  objedls, 
whofe  parts  cannot  well  be  d i hi ngu idled,  and  which 
have  no  other  vifible  objedls  near  them,  are  at  the 
fame  didancc  from  us;  though  perhaps  they  may  bethou- 
lands  or  millions  of  miles  off;  as  in  the  cafe  of  th.e  fun 
and  moon.  The  apparent  diftances  of  objedls  are  alfo 
greatly  altered  by  the  refradlion  of  the  medium  through 
t^'hich  they  are  feen. 

Apparent  Figure^  is  the  figure  or  fhape  which  an 
cbjedt  appears  under  when  viewed  at  a diftance  ; and  is 
often  very  different  from  the  true  figure.  For  a (Iraight 
line,  viewed  at  a diftance,  may  appear  but  as  a point; 
a furface,  as  a line  ; and  a folid,  as  a furfacc.  Alfo 
thefe  may  appear  of  different  magnitudes,  and  the  fur- 
face  and  folid  of  different  figures,  according  to  their 
fituation  with  refpedf  to  the  eye;  thus,  the  arch  of 
a circle  may  appear  a ftraight  line  ; a fquare,  a trape- 
zium, or  even  a triangle  ; a circle,  an  ellipfis  ; angular 
magnitudes,  round  ; and  a fphere,  a circle.  Alfo  all 
objedts  have  a tendency  to  rouridnefs  and  fmoothnefs, 
or  appear  lefs  angular,  as  their  diftance  is  greater; 
for,  as  the  diftance  is  increafed,  the  fmaller  angles  and 
afperities  firft  difappear,  by  fiibtending  a lefs  angle  thaa 
one  minute  ; after  thefe,  the  next  larger  difappear,  for 
the  fame  reafon  ; and  fo  on  continually,  as  the  diftance 
is  more  and  more  increafed  ; the  objedt  feeming  ftill 
more  and  more  round  and  fmooth.  So,  a triangle,  or 
fquare,  at  a great  diftance,  fhews  only  as  a round  fpeck; 
and  the  edge  of  the  moon  appears  round  to  the  eye, 


notwlthilanding  the  hills  and  valleys  on  her  furface. 
And  hence  it  is  alfo,  that  near  objedcs,  as  a range  of 
lamps,  or  fuch  like,  feen  at  a great  diftance,  appear  to 
be  contiguous,  and  to  form  one  uniform  continued  mag- 
nitude, by  the  intervals  between  them  difappearing^ 
from  the  fmallnefs  of  the  angles  fubtended  by  them. 

Apparent  Motion^  is  either  that  motion  which  we 
perceive  in  a diftant  body  that  moves,  the  eye  at  the 
fame  time  being  either  in  motion  or  at  reft  ; or  that 
motion  which  an  objedl  at  reft  feems  to  have,  while  the 
eye  itfelf  only  is  in  motion. 

The  motions  of  bodies  at  a great  diftance,  though 
really  moving  equally,  or  pafting  over  equal  fpaces  in 
equal  times,  may  appear  to  be  very  unequal  and  irregu- 
lar to  the  eye,  which  can  only  judge  of  them  by  the 
mutation  of  the  angle  at  the  eye.  And  motions,  to  be 
equally  vifible,  or  appear  equal,  muft  be  direftly  pro- 
portional to  the  diftances  of  the  objedls  moving.  Again, 
very  fwlft  motions,  as  thofe  of  the  luminaries,  may 
not  appear  to  be  any  motions  at  all,  but  like  that  of  the 
hour  hand  of  a clock,  on  account  of  the  great  diftance 
of  the  objedls : and  this  will  always  happen,  when  the 
fpace  adlually  paffed  over  in  one  fecond  of  time,  is  lefs 
than  about  the  1 4000th  part  of  its  diftance  from  the  eye  ; 
for  the  hour  hand  of  a clock,  and  the  ftars  about  the 
earth,  move  at  the  rate  of  15  feconds  of  a degree  in  one 
fecond  of  time,  which  is  only  the  13751  part  of  the 
radius  or  diftance  from  the  eye.  On  the  other  hand, 
it  is  poffible  for  the  motion  of  a body  to  be  fo  fwift,  as 
not  to  appear  any  motion  at  all ; as  when  through  the 
whole  fpace  it  defcrlbes  there  conftantly  appears  a con- 
tinued furface  or  folid  as  it  were  generated  by  the  mo- 
tion of  the  objedl,  like  as  when  any  thing  is  whirled 
very  fwiftly  round,  deferibing  a ring,  &c. 

Alfo,  the  more  oblique  the  eye  is  to  the  line  which  a 
diftant  body  moves  in,  the  more  will  the  apparent  mo- 
tion differ  from  the  true  one.  So,  If  a body  revolve 
with  an  equable  motion  in  the  circumference  of  the  cir- 
cle ABCD  &c,  and  the  eye  be 
at  E in  the  plane  of  the  circle ; 
as  the  body  moves  from  A to 
B and  C,  it  feems  to  move  flower 
and  flower  along  the  line  ALK, 
till  when  the  body  arrives  at  C, 
it  appears  at  reft  at  K ; then 
while  it  really  moves  from  C by 
D to  F,  It  appears  to  move 
quicker  and  quicker  from  K by 
E to  A,  where  its  motion  is 
quickeft  of  all  ; after  this  it 
appears  to  move  flower  and  flow- 
er from  A to  N while  the  body 
moves  from  F to  H : there  be- 
coming llationary  again,  it  ap- 
pears to  return  from  N Lo  A in 
the  ftraight  line,  while  it  really  moves  from  H by  I to 
A In  the  circle.  And  thus  it  appears  to  move  in  the 
line  KN  by  a motion  continually  varying  between  the 
leaft,  or  nothing,  at  the  extremes  K and  N,  and  the 
greateft  of  all  at  the  middle  pojnt  A.  Or,  if  the 
motion  be  referred  to  the  concave  fide  of  the  circle,  in- 
ftead  of  the  line  KN,  the  appearances  will  be  the  fame. 

If  an  eye  move  dircdly  forwards  from  E to  O,  &c  ; 
any  remote  objed  at  reft  at  P,  will  appear  to  move  the 
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cofttmry  way,  or  from  P to 
with  the  fame  velocity.  But  if 
the  obje£f  P move  the  fame  way, 
and  with  the  fame  velocity  as 
the  eye  ; it  will  feem  to  hand 
Hill.  If  the  obje6f  have  a lefs 
velocity  than  the  eye,  it  will  ap- 
pear to  move  back  towards  Q_with  the  difference  of 
^ the  velocities ; and  if  it  move  fader  than  the  eye,  it 
will  appear  to  move  forwards  from  Q,  with  the  fame 
difference  of  the  velocities.  And  fo  likewife  when  the 
obje6l  P moves  contrary  to  the  motion  of  the  eye,  it 
appears  to  move  backwards  with  the  fum  of  the  motions 
of  the  two.  And  the  truth  of  all  this  is  experienced 
by  perfons  fitting  in  a boat  moving  on  a river,  cr  in  a 
wheel-carriage  when  running  fad,  and  viewing  houfes 
or  trees,  &c,  on  the  diore  or  fide  of  the  road,  or  other 
boats  or  wheel-carriages  alfo  in  motion. 

Apparent  Place  of  an  ohjct}^  in  Optics,  is  that 
in  which  it  appears,  w^lien  feen  in  or  through  glafs,  wa- 
ter, or  other  refradfing  mediums  ; which  is  commonly 
did'erent  from  the  true  place.  So,  if  an  objedf  be  feen 
in  or  through  glafs,  or  water,  either  plane  or  concave, 
it  will  appear  nearer  to  the  eye  than  its  true  place  ; but 
when  feen  through  a convex  glafs,  it  appears  more  re- 
mote from  the  eye  than  the  real  place  of  it. 

Apparent  Place  of  the  Image  of  an  ohjeSi^  in  Cat- 
optrics, is  that  where  the  image  of  an  objedl  made  by 
the  reflexion  of  a fpeculum  appears  to  be  ; and  the 
optical  writers,  from  Euclid  downwards,  give  it  as  a 
general  rule  that  this  is  where  the  reflected  rays  meet 
the  perpendicular  to  the  fpeculum  drawn  from  the  ob- 
ject t fo  that  if  the  fpeculum  be  a plane,  the  apparent 
place  of  the  image  will  be  at  the  fame  didance  behind 
the  fpeculum  as  the  eye  is  before  it  ; if  convex,  it  will 
appear  behind  the  glafs  nearer  to  the  fame  ; but  i/ con- 
cave, it  will  appear  before  tlie  fpeculum.  And  yet  in 
feme  cafe^  there  are  fome  exceptions  to  this  rule,  as  is 
fiiewn  by  Kepler  in  his  Paralipomena  in  f'itellioncfny  prop, 
l8.  See  alfo  Woldus  Catoptr.  § £;  i,  i88,  23^,  234,  > 

Apparent  Place  of  a Planet^  &c,  in  Allronomy, 
is  that  point  in  the  furface  of  the  fphere  of  the  world, 
where  the  centre  of  the  luminary  appears  from  the 
furface  of  the  earth. 

APPARITION,  in  Adronomy,  denotes  a dar’s  or 
other  luminary’s  becoming  vidble,  which  before  was 
hid.  So,  the  heli?icai  fifing,  is  rather  an  apparition 
than  a proper  rifing. 

Circle  of  perpetual  Apparition.  See  Circle  of 
"perpetual  apparition, 

APPEARANCE,  in  Perfpeclive,  is  the  reprefent- 
ation  or  projection  of  a figure,  body,  or  the  like  ob- 
jeif,  on  the  perfpeCtive  plane. — The  appearance  of  an 
objective  right  line,  is  always  a right  line.  See  Per- 
spective.— Having  given  the  appearance  of  an  opake 
body,  and  of  a luminary,  to  find  the  appearance  of  the 
diadow ; fee  Shadow. 

Appearance  of  a far  or  planet.  See  Apparition. 

Appearances,  in  Adronomy,  &c,  are  more  ufually 
called  phceno7nena  and  phafes, — In  Optics^  tlie  term  dl 
relt  appearance  is  ufed  for  the  view  or  fight  of  any  ob- 
jeCl  by  direCl  rays;  without  either  reiraCtioii  or  re- 
iiexlon. 

APPIAN.  See  Apian# 


APPLICATE,  Appli  CATA,  Applicate, 

in  Geometry,  is  a right  line  drawn  to  a curve,  and 
bifeCfed  by  its  diameter.  This  is.otherwife  called  an 
Ordinate,  which  fee. 

Applicate  Nutttber,  See  Concrete. 

Application,  the  aCt  of  applying  one  thing  to 
another,  by  approaching  or  bringing  them  nearer  to- 
gether. So  a longer  fpace  as  mealured  by  the  continual 
application  of  a lefs,  as  a foot  or  yard  by  an  inch,  &:c. 
And  motion  is  determined  by*  a fucceffive  application  of 
any  thing  to  different  parts  of  fpace. 

. Application  is  fometimes  ufed,  both  in  Arith- 
metic and  Geometry,  foi*  the  rule  or  operation  of  di- 
vifion,  or  what  is  fimilar  to  it  in  geometry.  Thus  20 
applied  to,  or  divided  by  4,  gives  5.  And  a reClangle 

al^  applied  to  a line  c,  gives  the  4th  proportional  — , or 

f c 

another  line  which,  with  the  given  line  r,  will  contain 
another  reclangle  which  dial!  be  equal  to  the  given  reCt- 
angle  ah.  And  this  is  the  fenfe  in  which  Euclid  ufes^ 
the  term,  lib,  6y  pr,  28. 

Appl  ication,  in  Geometry,  is  alfo  ufed  for  the  a6f 
or  fuppofition  of  putting  or  placing  one  figure  upon 
another,  to  find  whether  tiiey  be  equal  or  unequal;  which 
feems  to  be  the  primary  way  in  which  the  mind  fird 
acquires  both  the  idea  and  proof  of  equality.  And  in 
this  way  Euclid,  and  other  geometricians,  demondrate 
fome  of  the  fird  or  leading  properties  in  geometry. 
Thus,  if  two  triangles  have  two  fides  in  the  one  tri- 
angle equal  to  two  fides  in  the  other,  and  alfo  the  angle 
included  by  the  fame  fides  equal  to  each  other ; then 
are  the  two  triangles  equal  in  all  refpefts  : for  by  con- 
ceiving the  one  triangle  placed  on  the  other,  it  is  proved 
that  they  coincide  or  exaftly  agree  in  all  their  parts. 
Ai.nd  the  fame  happens  if,  of  two  triangles,  one  fide 
and  the  two  adjacent  angles  of  the  one  triangle,  are 
equal,  refpecdively,  to  one  fide  and  the  two  correfpond- 
ing  angles  of  the  other.  Thus  alfo  it  may  be  proved 
that  the  diameter  of  a circle  divides  it  into  two  equal 
parts,  as  alio  that  the  diagonal  of  a fquarc  or  paralle- 
logram bifeds  or  divides  it  into  two  equal  parts. 

Application  of  one  fcience  to  another,  as  of 
Algebra  to  Geometr)^,  is  faid  of  the  life  made  of  the 
principles  and  properties  of  the  one  for  augmenting  and. 
perfeding  the  other.  Indeed  all  arts  and  fciences  mu- 
tually receive  aid  from  each  other.  But  the  application 
here  meant,  is  of  a more  exprefs  and  immediate  nature  j 
as  will  appear  by  what  follows. 

Application  of  Algebra  or  of  Analyfs  to  Geometry, 
The  fiill  and  principal  applications  of  algebra,  were  to 
ai itlimetical  queftions  and  computations,  as  being  the 
fii  ft  and  moft  ufeful  fcience  in  all  the  concerns  of  human 
life.  Aftei  wards  algebra  was  applied  to  geometry  and 
all  the  other  fciences  in  their  turn.  The  application  of 
algebra  to  geometry,  is  of  two  kinds  ; that  which  re- 
gards the  plane  or  common  geometry,  and  that  which 

lefpeds  the  higher  geometry,  or  the  nature  of  curve 
lilies. 

The  firft  of  thefe,  or  the  application  of  algebra  to 
common  geometry,  is  concerned  in  the  algebraical  fo- 
hition  of  geometrical  problems,  and  finding  out  the- 
orems in  geometrical  figures,  by  means  of  algebraical 
inveftigations'  or  demonftrations.  This  kind  of  appli- 
cation 
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cation  been  m^ide  from  the  time  of  tbc  mofl  early 
wiiters  on  algebra,  as  Diophantu§,  Lucas  de  Burgo, 
Cardan,  Tartalea,  &c,  &c,  down  to  the  prefent  times. 
Some  of  the  bed  precepts  and  exercifes  of  this  kind  of 
application,  are  to  be  met  with  in  Newton’s  Uni<vcrfal 
Arith-metic^  and  in  Thomas  Simpfon’s  Algebra  and  Sc- 
Jed  Exercifes.  Geometrical  Problems  are  commonly 
refolved  more  direidly  and  eafily  by  algebra,  than  by 
the  geometrical  analyfis,  efpeclally  by  young  begin- 
ners; but  then  the  fynthefis,  or  conllruClion  and  de- 
monftration,  is  mod  elegant  as  deduced  fiom  the  latter 
method.  Now  it  commonly  happens  that  the  alge- 
braical folutlon  fucceeds  bed  In  fuch  problems  as  refpcdl 
the  Tides  and  other  lines  in  geometrical  ligures,  and  on 
the  contrary,  thofe  problems  in  which  angles  are  con- 
cerned, are  bed  effefted  by  the  geometrical  analyfis. 
Newton  gives  thefe,  among  many  other  remarks  on  this 
branch.  Having  any  problem  propofed  ; compare  to- 
gether the  quantities  concerned  in  it  ; and,  making  no 
difference  between  the  known  and  unknown  quantities, 
confider  how  they  depend  upon,  or  are  related  to,  one 
another;  that  we  may  perceive  what  quantities,  il  tlicy 
are  affumed,  will,  by  proceeding  fynthetically,  give  the 
•j-ed,  and  that  in  the  fimpled  manner.  And  In  this  com- 
parifon,  the  geometrical  figure  Is  to  be  feigned  and 
condrudiied  at  random,  as  if  all  the  parts  were  actually 
known  or  given,  and  any  other  lines  drawn  that  may 
appear  to  conduce  to  the  eafier  and  fimpler  folution  of 
the  problem.  Having  confidered  the  method  of  com- 
putation, and  drawn  out  the  fcheme,  names  are  then  to 
be  given  to  the  quantities  entering  into  the  computa- 
tion, that  is,  to  fome  few  of  them,  beth  known  and 
unknown,  from  which  the  red  may  moll  naturally  and 
fimply  be  derived  or  expreded,  by  means  of  the  geome- 
trical properties  of  figures,  till  an  equation  be  obtained, 
by  which  the  value  of  the  unknown  quantity  may  be 
derived  by'  the  ordinary  methods  of  rediiclion  of  equa- 
tions, when  only  one  unknown  quantity  is  in  the  no- 
tation ; or  till  as  many  equations  are  obtained  as  there 
are  unknown  letters  in  the  notation. 

For  example,  fuppofe  It  were 
required  to  inferibe  a fquare  in 
a given  triangle.  Let  ABC  be 
the  given  triangle  ; and  feign 
DEFG  to  be  the  required 
fquare ; alfo  draw  the  perpendi- 
cular BP  of  the  triangle,  which 
will  be  given,  as  well  as  all  the 
fides  of  it.  Then,  confiderlng 
that  the  triangles  BAC,  BEF 

are  fimllar.  It  will  be  proper  to  make  the  notation  as  fol- 
lows, viz,  making  the  bafe  AC  = b,  the  perpendicular 
JbV  = p,  and  the  fide  of  the  fquare  DE  or  EF  :=^x. 
Hence  then  EQ^=  BP  — ED  ~ p — X ; confequently, 
by  the  proportionality  of  the  parts  of  thofe  two  fimllar 
triangles,  viz,  BP:  AC  : ; BQ_:  EF,  it  is^  ; ^ : : p — x : 
X ; then,  multiply  extremes  and  means  &c,  there  arlfes 

hp 


B 


px  — bp—  hxy  or  bx  -F  px  ~ hp,  and  x 


b p 


the 


fide  of  the  fquare  fought ; that  is,  a fourth  propor- 
tional to  the  bafe  and  perpendicular,  and  the  fum  of 
the  two,  taking  this  fum  for  the  firil  term,  or  AC  4- 

BP  : BP:  : AC  ; EF. 

The  other  branch  of  the  application  of  algebra  to  gco- 
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metry,  was  Introduced  by  Ddeartes,  In  his  Geome- 
try, which  is  the  newer  higher  geometiy,  and  rdpecla 
the  nature  and  properties  of  curve  lines.  In  this  branch, 
the  nature  of  the  curve  .is  exprefl’ed  or  denoted  by  an 
algebraic  equation,  which  is  thus  derived:  A line  is 
conceived  to  be  drawn,  as  the  diameter  or  fome  other 
principal  line  about  the  curve  ; and  upon  any  indefinite 
points  of  tiiis  line  other  lines  are  eredfed  perpendicu- 
larly, which  are  called  ordinates,  whilil  the  parts  of  the 
firh  line  cut  off  by  them,  are  called  abfeifies.  Then, 
calling  any  abfcils  .v,  and  its  correfponding  ordinate 
by  means  of  the  known  nature,  or  relations  of  the  other 
lines  in  the  curve,  an  Equation  is  derived,  involving  x 
and  _y,  with  other  given  quantities  in  it.  Hence,  as 
X and  y ai’e  common  to  every  point  in  the  primary 
line,  that  equation,  fo  derived,  will  belong  to  every  po» 
fition  or  value  of  the  abfcifs  and  ordinate,  and  fo  is  pro- 
perly confidered  as  exprefling  the  nature  of  the  curve  in 
all  points  of  it ; and  is  commonly  called  the  equation 
of  the  curve. 

In  this  way-  It  is  found  that  any'  curve  line  has  a pe- 
culiar form  of  equation  belonging  to  it,  and  which  is 
different  from  that  of  every  other  curve,  Hther  as  to 
the  number  of  the  terms,  the  powers  of  the  unknown 
letters  w and  y,  or  the  figns  or  co- 
efficients of  the  terms  of  the  equa- 
tion. Thus,  if  the  curve  line  HK 
be  a circle,  of  which  HI  is  part  of 
the  diameter,  and  IK  a perpendi- 
cular ordinate  : then  put  HI  = x, 

IK=y,  and  yir^the  diameter  of  the 
circle,  the  equation  of  the  circle  will  be /•jf  — a* 

But  if  HK  be  an  ellipfe,  an  hyperbola,  or  parabola,  the 
equation  of  the  curve  will  be  different,  and  for  all  the 
four  curves,  will  be  refpedtively  as  follows,  viz, 

for  the  circle  - - px  — x'^  — 


for  the  ellipfe 


px 


- = 


for  the  hy'perbola  - px  4- 


■fj 

:y^  ; 


for  the  parabola  - px  • - 

where  t is  the  tranfverfe  axis,  and  p its  parameter,  And> 
in  like  manner  for  other  curves. 

This  way  of  exprefling  tlic  nature  of  curve  lines,  by 
algebraic  equations,  has  given  occafion  to  the  greatelt 
improvement  and  extenfion  of  the  geometry  of  curve 
lines;  for  thus,  all  the  properties  of  algebraic  equations, 
and  their  roots,  are  transferred  and  added  to  the  curve 
lines,  whofe  abfeiffes  and  ordinates  have  fimilar  proper- 
ties. Indeed  the  benefit  of  this  fort  of  application  is 
mutual  and  reciprocal,  tlie  known  properties  of  equa- 
tions being  transferred  to  the  curves  they  reprefent;  and, 
on  the  contrary,  the  known  properties  of  curves 
tranfferred  to  their  reprefentative  equations.  Sec 
Curves. 

Application  ofGeomctry  to  Algebra,  Befides  the 
ufe  and  application  of  the  higher  geometry,  namely, 
of  curve  lines,  to  detedling  the  nature  and  roots  of 
equations,  and  to  the  finding  the  values  of  thofe  roets 
bv  the  geometrical  conftrudlion  of  curve  lines,  even  com- 
mon geometry  may  be  made  fubfervient  to  the  purpofes 
of  algebra.  Thus,  to  take  a very  plain  and  fimple  in- 
ffance,  if  It  were  required  to  fquare  the  binomial  a -F  b; 
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- by  forming  a fjqqare,  as  in  the  annexed  figure,  whofe 
. fide  is  equal  X.Q  a by  or  the  two  lines  or  parts  added 
. together  denoted  by  the  letters  a and  b ; and  then  draw- 
ing two  lines  parallel  to  the  Tides,  from  the  points  where 
the  two  parts  join,  it  will  be  im- 
mediately evident  that  the  whole 
fquare  of  the  compound  quantity  ^ 
a -Jr  b,  is  equal  to  the  fquares  of  both 
the  parts,  together  with  two  rectan- 
gles under  the  two  parts,  or  a^2.nd  ^ 
and  2ab,  that  is  the  fquare  oi  a d-  b 
is  equal  to  a'^  -j-  -f  2^?^,  'as  de- 
rived from  a geometrical  figure  or 
confiriiCtion.  And  in  this  very  manner  it  was,  that  the 
Arabians,  and  the  early  European  writers  on  algebra, 
•derived  and  demonftrated  the  common  rule  for  refolv- 
ing  compound  quadratic  equations.  And  thus  aifo,  in 
a fimilar  way,  it  was,  that  Tartalea  and  Cardan, derived 
and  deinonflrated  all  the  rules  for  the  refolution  of  cubic 
equations,  ufing  cubes  and  parallelopipedons  inllead  of 
fquares  and  reClangles.  And  many  other  inftances  might 
be  given  of  the  ufe  and  application  of  geometry  in  algebra. 

Application  of  Algebra  and  Geometry  to  Mechanics,^ 
This  is  founded  on  the  fame  principles  as  the  application 
of  algebra  to  geometry.  It  confifls  principally  in  re- 
prefenting  by  equations  the  curves  deferibed  by  bodies 
in  motion,  by  determining  the  equation  between  the 
fpaces  which  the  bodies  deferibe,  when  atfuated  by  any 
forces,  and  the  times  employed  in  deferibing  them,  &c. 
'A  familiar  infiance  alfo  of  the  application  of  geometry 
to  mechanics,  may  be  feen  at  the  article  Accelera- 
tion, where  the  perpendiculars  of  triangles  reprefent 
the  times,  the  bafes  the  velocities,  and  the  areas  the 
jpaces  deferibed  by  bodies  in  motion ; a method  firft 
given  by  Galileo.  In  fhort,  as  velocities,  times,  forces, 
fpaces,  &c,  may  be  reprefented  by  lines  and  geometri- 
cal figures  ; and  as  thefe  again  may  be  treated  algebrai- 
cally ; it  is  evident  how  the  principles  and  properties, 
of  both  algebra  and  geometry,  may  be  applied  to  me- 
chanics, and  indeed  to  all  the  other  branches  of  niixt 
mathematics. 

Application  of  Mechanics  to  Geometry,  This 
confifis  chiefly  in  the  ufe  that  is  fometimes  made  of  the 
centre  of  gravity  of  figures,  for  determining  the  con- 
tents of  folids  deferibed  by  thofe  figures. 

Application  of  Geometry  and  AJtronomy  tO'Geogra- 
phy.  This  confifis  chiefly  in  three  articles,  ift,  In 
determining  the  figure  of  the  globe  we  inhabit,  by  means 
of  geometrical  and  aftronomical  operations,  2d,  In 
determining  the  pofitlons  of  places,  by  obfervations  of 
latitudes  and  longitudes,  jd,  In  determining,  by  geo- 
metrical operations,  the  pofitions  of  fuch  places  as 
are  not  far  difiant  from  one  another. 

Geometry  and  Afironomy  are  alfo  of  great  ufe  in 
Navigation,. 

Application  of  Geometry  and  Algebra  to  Phyfes  or 
, Jdatural  P hilofophy.  This  application  we  owe  to  New- 
ton, whofe  philofophy  may  therefore  be  called  the  geo- 
metrical or  mathematical  philofophy ; and  upon  this 
application  are  founded  all  the.  phyfico-mathematical 
fciences.  Here  a fingle  obfervatiori  or  experiment  will 
often  produce  a whole  fcience : fo  when  we  know,  as 
we  do  by  experience,  that  the  rays  of  light,  in  refled- 


ah 

fy 

cC 

ah 

a h 


ing,  make  the  angle  of  incidence  equal  to  the  angle  of 
reflexion  ; we  thence  deduce  the  whole  fciencc  of  catop- 
trics: for  that  experiment  once  admitted,  catoptrics 
become  a fcience  purely  geometrical,  fince  it  is  reduced 
to  the  comparifoii  of  angles  and  lines  given  in  pofition. 
And  the  fame  in  many  other  fciences, 

APPLICATION  of  one  thing  to  another^  in  gene- 
ral, is  employed  to  denote  the  ufe  that  is  made  of  the 
former,  to  underfiand  or  to  perfect  the  latter.  Thus^ 
the  application  of  the  c^mloid  to  pendulums,  means  the 
ufe  made  of  the  cycloidal  curve  for  improving  the  doc- 
trine and  ufe  of  pendulums. 

APPLY,  This  term  is  ufed.  two  different  ways,  in 


geometry. 

jft,  It  fign  Ifies  to  transfer  or  place  a given  line,  either 
in  a circle  or  fome  other  figure,  fo  that  the  extremities 
of  the  line  fhall  be  in  the  perimeter  of  the  figure, 

2d,  It  is  alfo  ufed  to  exprefs  divifion  in  geom.etry, 
or  to  find  one  dimenfion  of  a redangle,  when  the  area 
and  the  other  dimenfion  are  given.  As  the  area  ah  ap- 
plied to  the  line  r,  is  — , 

^ V 

APPROACH,  the  curve  of  equable  approach.  It 
was  firfi  pvopofed  by  Leibnitz,  namely,  to  find  a curve,^ 
down  which  a body  defeending  by  the  force  of  gravity^ 
fhall  make  equal  approaches  to  the  horizon  in  equal  por- 
tions of  time.  It  has  been  found  by  Bernoulli  and 
others,  that  the  curve  is  the  fecond  cubical  parabola 
placed  with  its  vertex  uppermofi,  and  which  the  de- 
feending body  muft  enter  with  a certain  determinate 
velocity. — Varignon  rendered  the  qiieftion  general  for 
any  law  of  gravity,  by  which  a body  may  approach 
towards  a given  point  by  equal  fpaces  in  equal  times,. 
And  Maupertuis  alfo  refolved  the  problem  in  the  cafe 
of  a body  defeending  in  a medium  which  refifts  as  the 
fquare  of  the  velocity,  See  Hift,  de  V Acad,  des  Sciences- 
for  1699  and  1730. 

Method  ^/’Approaches,  a name  given  by  Hr.  Wal- 
lis, in  his  Algebra,  to  a method  of  refolving  certain, 
problems  relating  to  fquare  numbers,  &c.  This  is  done 
by  firft  affigning  certain  limits  to  the  quantities  re- 
quired, and  then  approaching  nearer  and  nearer  tilPa 
coincidence  is  obtained. — In  this  fenfe,  the  method  of 
Trial-and-error,  or  double  rule  of  Falfe  Pofition,  may. 
be  confidered  as  a method  of  approaches. 

APPROACHES,  vci  Fortification^  the  feveral  works 
made  by  the  beliegers,  for  advancing  or  getting  nearer^- 
to  a fortrefs  or  place  befieged.  Such  as  the  trenches,, 
mines,  faps,  lodgments,  batteries,  galleries,  epaul- 
ments,  &c.  , 

Approaches,  or  'Lines  (^Approach,  are  particu- 
larly ufed  for  trenches  dug  in' the  ground,  and  the  earth 
thrown  up  on  the  fide  next  the  place  befieged ; under 
the  defence  or  fbelter  of  which,  the  befiegers  may  ap- 
proach without  lofs,  as  near'as  pofiible  to  the  place,  to 
raife  batteries  and  plant  guns  &c,  to  batter  it. — The* 
lines  of  approach  are  commonly  carried  on,  ii>  a zig-zag^ 
way,  parallel  to  the  oppofite  faces  of  the  befieged  work,., 
or  nearly  fo,that  they  may  not  be  enfiladed  by  the  guns  . 
from  the  enemy’s  works.  And  they  are  alfo  conneded 
by  parallels  or  lines  of  communication. — The  befieged; 
commonly  make  counter-approaches,  to  interrupt  and. 
defeat  the  approaches  of  the  befiegers,. 
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The  a'ficients  made  their  approaches  towards  the 
l^lace  beheged,  much  after  the  fame  manner  as  the  mo- 
derns. Folard  fliews,  that  they  had  their  trenches,  their 
parallels,  faps,  See.  ; which,  though  ufually  thought -of 
modern  invention,  it  appears,  have  been  pra6lifed  long 
before,  by  the  Greeks,  Romans,  Afiatics,  See. 

APPROXIMATION,  a continual  approach,  dill 
nearer  and  nearer,  to  a root  or  any  quantity  fought.  — 
Methods  of  continual  approximation  for  the  fquare 
roots  and  cube  roots  of  numbers,  have  been  employed 
by  algebralfts  and  arithmeticians,  from  Lucas  de  Burgo 
down  to  the  prefent  time.  And  the  later  writers  have 
given  various  approximations,  not  only  for  the  roots  of 
higher  powers,  or  all  fimple  equations,  but  fur  the  roots 
of  all  forts  of  compound  equations  whatever;  efpccially 
Newton,  Wallis,  Raphfon,  Halley,  De  Lagny,  &c,  See; 
all  of  them  forming  a kind  of  infinite  feries,  either  ex- 
preifed  or  underftood,  converging  nearer  and  nearer  to 
the  quantity  fought,  according  to  the  nature  of  the 
procefs. 

It  is  evident  that  if  a number  propofed  be  not  a true 
fqiiare,  then  no  exacl  fquare  root  of  it  can  be  found, 
explicable  by  rational  numbers,  whether  integers  or 
fractions : therefore,  in  fuch  cafes,  we  mud  be  content 
with  approximations,  or  coming  continuallv  nearer  and 
nearer  to  the  truth.  In  like  manner,  for  the  cube  and 
other  roots,  when  the  propofed  quantities  are  not  exad 
cubes,  or  other  powers. 

1 he  mod  eafy  and  general  method  of  approximation, 
is  perhaps  by  the  rule  of  Double  Pofitlon,  or,  what  is 
fometimes  called,  the  Method  of  Trial-and-error;  which 
method  fee  under  its  own  name.  And  among  all  the 
methods  for  the  roots  of  pure  powers,  of  which  there 
are  many,  I believe  the  bed  is  that  which  was  difeovered 
by  myfelf,  and  given  in  the  drd  volume  of  my  Mathe- 
matical Trads,  in  point  of  eafe,  both  of  execution  and 
for  remembering  it.  The  method  is  this  : if  N denote 
any  number,  out  of  which  is  to  be  extraded  the  root 
whofe  index  is  denoted  by  r,  and  if  n be  the  neared 


root  fil'd  taken;  then  diall — i — 1 Xrjbc 

r — I . N + r -f  I . 

the  required  root  of  N very  nearly  ; or  as  r — i times’ 
the  gi\en  number  added  to  r i times  the  neared  pow- 
^r,  is  to  r -f-  I times  the  given  number  added  to  r — i 
times  the  neared  power,  fo  is  the  affiimed  root  «,  to  the 
required  root,  very  nearly.  Then  this  lad  value  of  the 
root,  fo  found,  if  one  dill  nearer  is  wanted,  is  to  be  ufed 
for  n in  the  fame  theorem,  to  repeat  the  operation  with 
It.  And  fo  on,  repeating  the  operation  as  often  as 
necedary.  Which  theorem  includes  all  the  rational 
formulx  of  Halley  and  De  Lagny. 

For  example,  fuppofe  it  were  required  to  double  the 
cube,  or  to  find  the  cube  root  of  the  number  2.  Here 
3 ; confequently  r + i ~4,  and  r 2 ; and 

theiefore  the  general  theorem  becomes 

tl  + ^ 

-or  as  N 4-  : 2N  -f  ; ; n ; the  root  fought  nearly. 

Now,  in  this  cafe,  N ~ 2,  and  therefore  the  neared 
root  « is  I,  and  Its  cube  z=z  i alfo:  hence  N 4-  2n^  ~ 

2 r{~  z 4,  and  2N4~«^  = 44~  l —S’  therefore, 
4 : 5 ; : I : ^ or  i*2j  the  drd  approximation. 


Again,  taking  r = and  confequently  =.  • — ^ ; 


hence  N 4-  ==  2 + 

64.  64 


^4 


and  2N  4- 


n 


3 — 


^ 64  64 


therefore  as  378  ; 381,  or  as  126  : 127  ; : — 
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1*259921,  which  IS  the  cube  root  of  2,  true  in  all  thc^ 

6 ^ c 

figures.  And  by  taking  — ^ for  a new  value  of  and 

^ 504 


repeating  the  procefs  again,  a great  many  more  figures* 
may  be  found. 

Of  the  Roots  of  Kquatlons  hy  Approximation. — 
Stevinus  and  Victa  gave  methods  for  finding  values, 
always  nearer  and  nearer,  of  the  roots  of  equations.  And 
Oughtred  and  others  purfued  and  improved  the  fame. 
Thefe  however  were  very  tedious  and  imperfeOl,  and 
required  a different  procefs  for  every  degree  of  equa- 
tions. But  Newton  introduced,  not  only  general  me- 
thods for  exprefling  radical  quantities  by  approximating 
infinite  feries,  but  alfo  for  the  roots  of  all  forts  of  com- 
pound equations  whatever,  which  are  both  eafy  and  ex- 
peditious : which  will  be  more  particularly  deferibed 
under  each  refpcHive  word  or  article.  His  method  for 
approximating  of  roots,  is  iij  fnbfiance  this  : Flrfl  take 
a value  of  the  root  as  near  as  may  he,  by  trials,  cither 
greater  or  lefs  ; then  affumlng  another  letter  to  denote 
the  unknown  difference  between  this  and  the  true  value, 
fubftitute  into  the  equation  the  fum  or  difference  of  the 
approximate  root  and  this  nffumed  letter,  in  dead  of  the 
unknown  letter  or  root  of  the  equation,  which  will  pro- 
duce a new  equation  having  only  the  affumed  fmall  dif- 
ference for  its  root  or  unknown  letter ; and,  by  any 
means,  find,  from  this  equation,  a near  value  of  this 
fmall  affumed  quantity.  Affume  then  another  letter 
for  the  fmall  difference  between  this  laft  value  and  the* 
true  one,  and  fubflltute  the  fum  or  difference  of  them 
into  the  lafl  equation,  by  which  will  at  ife  a third  equa- 
tion, involving  the  fecond  affumed  quantity ; whofe 
near  value  is  found  as  before.  Proceeding  thus  as  far 
as  we  pleafe,  all  the  near  values,  connedlcd  together  by 
their  proper  figns,  will  form  a feries  approaching  flill 
nearer  and  nearer  to  the  true  value  of  the  root  of  the 
firft  or  propofed  equation.  The  approximate  values  of 
the  feveral  fmall  affumed  differences,  may  be  foun^  in 
different  ways  : Newton’s  method  is  this  ; As  the  qnan  . 
tity  fought  Is  fmall,  its  higher  powers  decreafe  more 
and  more,  and  therefore  negledling  them  will  not  lead 
to  any  great  error,  Newton  therefore  negledls  all  the 
terms  having  in  them  the  2d  and  higher  powers,  leaving 
only  the  ift  power  and  the  abfolute  known  term  ; from 
which  fimple  equation  he  always  finds  the  value  of  the 
affumed  unknown  letter  nearly,  in  a very  fimple  and 
eafy  manner.  Halley’s  method  of  doing  the  fame 
thing,  was  to  negledl  all  the  terms  above  the  fquare  or 
2d  power,  and  then  to  find  the  root  of  the  remaining 
quadratic  equation  ; which  would  indeed  be  a nearer 
value  of  the  affumed  letter  than  Newton’s  was,  bui  tlien 
it  is  much  more  troublefome  to  perform. — Raphfon  has 
another  way,  which  is  a little  varied  from  that  of  New- 
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ton’s  again,  which  is  this  : having  found  a near  value  of 
the  hrft  aifumed  fmall  quantity  or  difference,  by  this  he 
eorrefts  the  firft  appf\)ximation  to  the  root  of  the  pro- 
pofed  equation  ; and  then,  affuming  another  letter  for 
the  next,  or  fmaller  difference,  he  introduces  it  into  the 
original  equation  in  the  fame  way  as  before.  And  thus 
he  proceeds,  from  one  corredlion  to  another,  employing 
always  the  firft  propofed  equation  to  find  them,  inftead 
of  the  fucceffive  new  equations  ufed  by  Newton. 

^ For  example,  let  it  be  required  to  find  the  root  of 
the  equation  = 31,  or  — 3 1 =0  : — Here 

the  root  x,  it  is  evident,  is  nearly  = 8 ; for  a-  therefore 
take  84-2,  and  fubftitute  8 4”  52  for  x in  the  given 
equation,  and  the  terms  will  be  thus  j 
= 64-Pi62:+2;^ 

--  ^x  zr—  40  — 5% 

-31  =zJi ^ 

the  fum  is  — 7 4-  I iz+z®  = o. 

Then,  rejeding  it  is  iiz  — 7 = o,  and  « = = 

•6363,  Sccy  or  = • 6 nearly. 

Affume  now  z = • 6 4^^ : then 

2^  = *36  4*  I’-Zj  4" 

112=  6*6  4-  I ly  ' 

the  fum  ~ *04  -f  1 2 • 2y  4-jj'^  = o, 

•04 

where,  y = — = *003278  nearly. 

Affume  \t  y = *003278— d : then 
= -000010745284  — *006  3 5 6=^4- ‘1)55 
12'2y  =-0399916  IZ.Z--V 

— •04  =—04 
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the  fum  *000002345284— i2-206556'y4-‘3:;^=0, 

' *000002345284 

where ‘u  = — - — = *000000192133. 

12*206556 

Hence,  then,  colle(4ing  all  the  affumed  differences,  with 
their  figns,  it  is  found  that  .v  = 84-24  j — ‘u  = 84-6 
4*003278  — -000000192133  = 8-6003277807867  the 
root  of  the  equation  required,  by  Newtoids  method. 

The  fame  by  Raphfori’s  nvay, 

Firft  ~ 8 452 ; 
then  A"=  644  16242;* 

-5.V  = —40- is; 

-3^  =-Zll 

the  fum  — 74iiz4*52^-^=2o; 
hence  z~  fj  — *6  nearly, 
and  A'  = 8 4 52  = 8-6  nearly. 

Affume  it  A-  = -8*6  4 y ; 

then  A*  = 73*96  4 '^T^y 

- 5a  = - 43  - sy 

-3i=-3i 


the  fum— -04  4 i2*2j  4^^  ~ o ; 


hence  y 


12-2 


zz  '003278  nearly. 


and  X = 8*64j'  = 8 603278  nearly. 
Affume  it  = 8*603278  —v  ; 

then  A*  = 74-016392345284  — 17 •2c6556i>  4 
—5^=2—43-016390  45‘i> 

-3^— -3^  

the  fum  *0000023452^412*2065561/4*^^  = 0 i 

hence  n) = *000000 1 92 1 3 3 , 

and  confeq.  .^=8*603277,807867,  as  beforCo, 


Example  2.  Again,  taking  the  cubic  equation 
— 24/  — 5 zz  o ; Newton  proceeds  thus  : 
y is  nearly  zz  2 ; take  it  therefore  4/  = 2 4 / > 
then  4/3  = 8412754^/^+7^^ 

-24/  = -4-275 

the  fum  — i4iop  4 6 75* +753  = 0; 
hence  p = = • 1 nearly. 

Affume  it  ;>  = * i 4 y ; 

then  zz  0-00 1 4o*'^3y + 0-37*4^^ 

46^  = 0-06  41-2  46 

4 lop  = I 410 


the  fum  0-061  -p  I i-23y46-3y*  4y3  zz  o ; 
hence  q zz  —0*0054  nearly. 

Affume  it  y = — 0-00544^  ; 
then  =—0-000000157464  4 0*00008 748r,  See, 

46-37*  =4o’oooi837o8  — 0*06804^,  &c* 

4 1 1*237  = —0-060642  4 11*23^ 

40*061  =407061 

the  fum 4 0*000541 5 505 36 4 ii-i6204748r; 
hence  r = — 0*000048517,  «Scc. 

Hence,  j/“  2 4/  + y + ^ 

= 240*1—0-0054  — 0*000048517 

= 2-094551483, 

the  root  of  the  equation  — ly  — 5.  And  in  the 
fame  manner  Newton  performs  the  approximation  for 
the  roots  of  literal  equations,  that  is,  equations  having 
literal  coefficients  ; fo  the  root  of  this  equation 
4 <^^y  + a}‘y’—‘X^  — 2a}  = o,  is 

50gA**- 


X 


y^a h 

4 64^2 


I3IA^ 


■+ 


&c. 


512.2*  ' 16384^3 

See  alfo  a memoir  on  this  method  by  the  Marquis 
de  Courtivron,  in  the  Memoires  de  V Academic  for  1744. 

Other  Methods  of  Approximation.  Befides  the 
foregoing  general  methods,  other  particular  ways  of 
approximating,  for  various  purpofes,  have  been  given  by 
many  other  perfons. — As  for  example,  methods  of  ap- 
proximating, by  feries,  to  the  roots  of  cubic  equations 
belonging  to  the  irreducible  cafe,  by  Nicole  In  the 
fame  Memoirs^  by  M.  Clairaut  in  bis  Algebra,  and  by 
myfelf  in  the  Ph'ilof  Tranf  for  1780.  See  alfo  feveral 
parts  of  Simpfon^s  works,  and  my  Tracts  vol.  i. 
Alfo  the  methods  of  infinite  feries  by  Wallis,  Newton, 
Gregory,  Mercator,  6cc,  may  be  confidered  as  approx- 
imations, in  quadratures,  and  other  branches  of  the 
mathematics,  many  Inftances  of  which  may  be  feen  in 
Wallis’s  Algebra,  and  other  books: — Like  wife  the  me- 
thod of  exhauftions  of  the  ancients,  by  which  Archi- 
medes and  others  have  approximated  to  the  quadrature 
and  rectification  of  the  circle,  &c,  which  was  performed 
by  continually  bifeCting  the  fides  of  polygons,  both 
inferibed  in  a circle  and  circumferibed  about  it  ; 
by  which  means  the  fum  of  the  fides  of  the  like 
polygons  approach  continually  nearer  and  nearer 
together,  and  the  circumference  of  the  circle  is  nearly 
a mean  between  the  two  fums.  See  a]fo  Eq^jations. 

APPULSE,  In  Aftronomy,  means  the  aClual  contaCl 
of  two  luminaries,  according  to  fome  authors ; but 
others  deferibe  it  as  their  near  approach  to  each  other, 
foas  to  be  feen,  for  inftance,  within  the  fame  telefcope. 
The  appulfes  of  the  planets  to  the.  fixed  liars  have 

always- 
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always  been  very  iifeful  to  aflronomers,  as  ferving  to 
fix  and  determine  the  places  of  the  former.  The  an- 
cients, wanting  an  eafy  method  of  comparing  the  pla- 
nets with  the  ecliptic,  which  is  not  vihble,  had  fcarce 
any  other  way  of  fixing  their  fitnations,  but  byobferving 
their  track  among  the  fixed  ftars,  and  marking  their 
appulfes  to  fome  of  thofe  vifible  points.  See  Hid.  Acad. 
Scienc.  for  1710,  pa.  417.  And  Philof.  Tranf.  No. 
369,  where  Dr.  Halley  has  given  a method  of  deter- 
mining the  places  of  the  planets,  by  obferving  their 
near  appulfes  to  the  fixed  ftars.  See  alfo  Philof.  Tranf. 
No.  76,  pa.  361,  and  Mem.  Acad.  Scienc.  for  1708, 
where  Flamfteed  and  De  la  Hire  have  given  obferva- 
tions  of  the  moon’s  appulfes  to  the  Pleiades.  See  alfo 
Flamfteed’s  Hiftoria  Coeleftis,  where  a multitude  of 
obfervations  of  appulfes,  orfmall  diftances,  of  the  moon 
and  planets,  from  the  fixed  ftars,  are  recorded.  And 
Dr.  Halley  has  publifhed  a map  or  planifphere  of  the 
ftarry  zodiac,  in  which  are  accurately  laid  down  all 
the  ftars  to  which  the  moon’s  appulfe  has  ever  been  ob- 
ferved  in  any  part  of  the  world.  See  Philof.  Tranf. 
No.  369  ; or  Abridg.  vol.  vi.  pa.  170. 

APRIL,  the  4th  month  of  the  year  according  to 
the  common  computation,  and  the  2d  from  the  vernal 
equinox. — The  word  is  derived  from  ApnltSy  of  aperioy 
I open  ; becaufe  the  earth,  in  this  month,  begins  to 
open  her  bofom  for  the  production  of  vegetables. — In 
th  is  month  the  fun  travels  through  part  of  the  figns 
Aries  and  Taurus. 

APRON,  in  Gunnery,  a piece  of  thin  or  ftieet 
lead,  iifed  to  cover  the  vent  or  touch-hole  of  a cannon. 

APSES,  in  Aftronomy,  are  the  two  points  in  the 
orbits  of  planets,  where  they  are  at  their  greateft  and 
leaft  diftance,  from  the  fun  or  the  earth.  The  point 
at  the  greateft  diftance  being  called  the  higher  apfisy 
and  that  at  the  neareft  diftance  the  Io^<cr  opfis.  And 
the  two  apfes  are  alfo  called  avges.  Alfo  the  higher  apfis 
is  more  particularly  called  the  aphelioiiy  or  the  apogee  \ and 
the  lower  apfis,  the  per'theliuny  or  the  perigee.  The 
diameter  which  joins  thefe  two  points,  is  called  the 
line  of  the  apfes  or  of  the  apfidcs  ; and  it  paftes  through 
the  centre  of  the  orbit  of  the  planet,  and  the  centre 
of  the  fun  or  the  earth  ; and  in  the  modern  aftronomy 
this  line  makes  the  longer  or  tranfverfe  axis  of  the 
elliptical  orbit  of  the  planet.  In  this  line  is  counted 
the  excentricity  of  the  orbit  ; being  the  diftance  be- 
tween the  centre  of  the  orbit  and  the  focus,  where  is 
placed  the  fun  or  the  earth. 

The  foregoing  definitions  fuppofe  the  lines  of  the 
greateft  and  leaft  diftances  to  lie  in  the  fame  ftralght 
line  ; which  is  not  always  precifely  the  cafe  ; as  they 
are  fometimes  out  of  a right  line,  making  an  angle 
greater  or  lefs  than  180  degrees,  and  the  difference 
from  180  degrees  is  called  the  motion  of  the  line  of  the 
apfes  : when  tlie  angle  is  lefs  than  1 80  degrees,  the 
motion  of  the  apfes  is  faid  to  be  contrary  to  the  order 
©f  the  figns ; on  the  other  hand,  when  the  angle  ex- 
ceeds 180  degrees,  the  motion  is  according  to  the 
order  of  the  figns. 

Different  means  have  been  employed  to  determine 
the  motion  of  the  apfes.  Dr.  Keil  explains,  in  bis 
Aftronomy,  the  metlicd  ufed  by  the  ancients,  who  fup- 
pofed  the  orbits  of  tr.e  planets  to  be  perfectly  circular, 
and  the  fun  out  of  the  centre,  Lux  fjiRce  it  lias  becu 


dlfcovercd  that  they  defcrlbe  elliptical  orbits,  various 
other  methods  have  been  devlfed  for  determining  it. 
Halley  has  given  one,  which  fuppofes  to  be  known  only 
the  time  of  the  planet’s  revolution,  or  periodic  time. 
Seth  Ward  has  alfo  given  a determination  from  three 
different  obfervations  of  a planet,  in  any  three  places  of 
its  orbit  : but  his  method  being  founded  on  an  hypo- 
thefis  not  ftridfly  true,  Euler  has  given  one  much  more 
exadt  in  vol,  7,  of  the  Peterjhiirgh  Commentaries . Sec 
various  ways  explained  in  the  Aftronomy  of  Keil  and 
Mourner. 

Newton  has  alfo  given,  in  the  Principiay  an  excellent 
method  of  determining  the  fame  motion,  onrthe  fup- 
pofition  that  the  orbits  of  tue  planets  difl'cr  but  little 
from  circles,  which  is  the  cafe  nearly.  That  great 
philofopher  fhews,  that  if  the  fun  be  immoveable,  and 
all  the  planets  gravitate  towards  him  in  the  inverfe  ratio 
of  the  fquares  of  their  diftances,  then  the  apfes  will  be 
fixed,  or  their  motion  nothing  ; that  is,  the  lines  of 
greateft  and  leaft  diftance  will  form  one  riglit  line, 
and  the  apfes  wall  be  direftly  oppofite,  or  at  180  de- 
grees diftance  from  each  other.  But,  becaufe  of  the 
mutual  tendency  of  the  planets  towards  each  other, 
their  gravitation  towards  the  fun  is  not  pi'ecifely  in  that 
ratio  ; and  hence  it  happens,  that  the  apfes  are  not 
always  exaftly  in  a right  line  with  the  fun.  And  New- 
ton has  given  a very  elegant  method  of  determining 
the  motion  of  the  apfesy  on  the  fuppofition  that  we 
know  the  foi'ce  which  is  thereby  added  to  the  gravita- 
tion of  the  planet  to\vards  the  fun,  and  that  this  ad- 
ditional force  is  always  in  that  diredtlon. 

APUS  or  Apous,  Avis  Indicay  in  Aftronomy,  ^ 
conftellation  of  the  fouthern  hemifphcre,  lituated  near 
the  louth  pole,  between  the  trianguliim  avfraJe  and  the 
chameleon,  and  fuppofed  to  reprefent  the  bird  of  para- 
dife.  Alfo  fuppoled  to  be  one  of  the  birds  namedi 
Apodesy  as  having  no  feet. 

The  number  of  ftars  contained  in  this  conftellation,. 
ai'e  II  in  the  Britifti  Catalogue,  in  Bayer’s  Maps  12,. 
and  a ft  ill  greater  number  in  La  Callle’s  Catalogue 
the  principal  liar  being  but  of  the  4th  or  5 th  order  of 
magnitude.  See  Cctlum  Auiirale  Stelliferumy.  and  the 
Memoires  de  d Acad,  for  1752,  pa.  569. 

AQUARILTS,  in  Aftronomy,  one  of  the  celeftial 
conftcllations,  being  the  eleventh  fign  in  the  zodiac,, 
reckoning  from  Aries,  and  is  marked  by'  the  charadler 
Z^y  reprefenting  part  of  a ftream  of  water,  ift'ning 
from  the  vefiel  of  Aquarius,  or  the  w^ater-pourer.  Tins: 
fign  alfo  gives  name  to  the  eleventli  part  of  the  ecliptic,, 
through  which  the  fun  moves  in  part  of  tlie  months  oE 
January  and  February'. 

The  poets  feign  that  Aquarius  was  Ganymede,, 
whom  Jupiter  ravilhed  under  the  lhape  of  an  eagle,  and 
carried  away  into  Heaven  to  ferve  as  a cup-bearer,, 
inftead  of  Hebe  and  Vulcan  ; whence  the  name. 
Others  hold,  that  the  fign  was  thus  called,  becaufe 
that  when  it  appears  In  the  horizon,  the  weather  com- 
monly proves  rainy. 

The  ftars  in  the  conftellation  Aquarius,  are,  in  Pto- 
lemy’s Catalogue,  45  ; in  Tycho’s  41  ; in  Hevclius’s^ 
47;  and  In  Flamfteed’s  108.  bee  the  article  Con- 
*STEi.LATioN  ; alfo  Catalogue. 

AQUEDUCT,  or  Aci'a.«.i)UCT,  as  much  as  to  fay 
dutlus  aq^ueSy.  a aruluit  of  ^.vatery  is  a conilruCtlon  of 
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ilone  or  limber  bultt  on  uneven  g;rovini5,  to  preferve  tbe 
level  of  water,  and  convey  it,  by  a canal,  from  one 
place  to  another.— Some  aqiiedudls  are  underground, 
being  condufled  through  hills,  &;c  ; and  others  are 
raifed  above  ground,  and  fupported  on  arches,  to  con- 
du6l  the  water  over  vallies,  &c. 

The  Romans  were  very  magnihcent  in  their  aque- 
dinfls ; having  fome  that  extended  a hundred  miles, 
or  more.  Frontiniis,  a man  of  confular  dignity,  who 
had  the  diredlion  of  the  aquedudls  under  the  emperor 
Nerva,  fpeaks  of  nine  that  emptied  themfelves  through 
'13594  pipes,  of  an  inch  diameter.  And  it  is  obferved 
by  Vigenere,  that  in  the  fpace  of  24  hours,  Rome 
received  from  thefe  aquedudds  not  lefs  than  500000 
hogfheads  of  water.  The  chief  aquedudls  now  in 
being,  are  thefe:  lit,  that  of  the  Aqua  Virginia,  re- 
paired by  pope  Paul  IV  ; 2d,  the  Aqua  Felice,  con- 
Itrudded  by  pope  Sixtus  V,  and  is  called  from  the  name 
be  ajOTumed  before  he  was  exalted  to  the  papal  throne  ; 
3d,  the  Aqua  Paulina,  repaired  by  pope  Paul  V,  in  the 
year  1611;  and  4thly,  the  aquedudl  built  by  Lewis 
XI V,  near  Maintenon,  to  convey  the  liver  Bure  to 
Verfailles,  which  is  perhaps  the  largeil  in  the  world  ; 
being  7000  fathoms  long,,  elevated  2560  fathoms  in 
height,  and  containing  242  arcades.  See  Philof.  Tranf. 
for  1685,  No.  17 1 ; or  Abridg.  vol.  i.  pa.  594. 

AQFIEOUS  Humour,  or  the  ^jjatry  humour  of  the 
>eye,  is  the  firft  or  outermoil,  and  the  rareft  of  the 
three  humours  of  the  eye.  It  is  tranfparent  and  co- 
Jourlefs,  like  water  ; and  it  fills  up  the  fpace  that  lies 
between  the  cornea  tunica,  and  the  cryilalline  humour, 

AQLTILA,  the  Eagle^  or  the  V iiliure  as  it  is  fome- 
times  called,  is  a conftellation  of  the  northern  he- 
'inifphere,  iifually  joined  with  Antinous.  It  is  one 
of  the  48  old  conllellations,  according  to  the  diviiion 
!of  which  Hipparchus  made  his  Catalogue  of  the 
Fixed  Stars,  and  which  are  defcribed  by  Ptolemy, 
The  number  of  liars  in  Aquila,  and  thofe  near  it,  now 
in  the  later-formed  conftellation  Antinous,  amount 
to  15  in  Ptolemy^s  Catalogue,  to  19  in  Tycho’s,  to  42 
in  that  of  Hevelius,  and  to  71  in  Flamfteed’s,  But 
in  Aquila  alone,  Tycho  counts  only  12  ftars,  and 
Hevelius  23  ; the  principal  ftar  being  Liicida  Aquila, 
;and  is  between  the  ift  and  2d  magnitude.  The  Greeks, 
as  ufual,  relate  various  fables  of  this  conftellation,  to 
make  tbe  fcience  appear  as  of  their  own  invention. 

ARA,  the  Altar f one  of  the  48  old  conftellations, 
mentioned  by  the  ancient  aftronomers,  and  is  fituated 
in  the  fouthern  hemifphere  ; containing  only  7 ftars  in 
Ptolemy’s  Catalogue,  and  9 in  that  of  Flamileed  ; none 
of  which  exceed  the  4th  magnitude. 

A RATUS,  celebrated  for  his  Greek  poem  intitled 
'^anaij.ivoci  the  Phenomena,  flourifhed  about  the  127th 
Olympiad,  or  near  300  years  before  Chrift,  while 
Ptolomy  PhiladelpKus  reigned  in  Egypt.  Being  edu- 
cated under  Dionyiius  Heracleotes,  a Stoic  phllofopher, 
be  efpouied  tlie  principles  of  that  fe61,  and  became 
phyfician  to  Antigonus  Gonatus,  the  Ton  of  Demetrius 
Poliorcetes,  King  of  Macedon.  The  Phenomena  of 
Aratiis  gives  him  a title  to  the  character  of  an  aftrono- 
mer,  as  well  as  a poet.  In  this  work  he  deferibes  the 
nature  and  motion  ot  the  ftars,  and  fhews  their  various 
^iipoiitions  and  relations  j he  deferibes  the  figures  of 


the  conftellations,  their  fituations  In  the  fphere,  tbe 
origin  of  the  names  which  they  bear  in  Greece  and  in 
Egypt,  the  fables  which  have  given  rife  to  them,  the 
liiing  and  fetting  of  the  ftars,  and  he  indicates  the 
manner  of  knowing  the  conftellations  by  their  refpedl- 
ivc  fituations. 

The  poem  of  Aratus  was  commented  upon  and  tranf- 
lated  by  many  authors : of  whom  among  the  ancients 
were  Cicero,  Germanicus  Csefar,  and  Feftns  Avienus, 
who  made  Latin  tranftatlons  of  it ; a part  of  the  former 
of  which  is  ft  ill  extant.  Aratus  muft  have  been  much 
efteemed  by.the  ancients,  fince  we  find  fo  great  a num- 
ber of  fcholiafts  and  commentators  upon  him  ; among 
whom  are  Ariftarchus  of  Samos,  the  Aiyftylli  the 
geometricians,  Apollonius,  the  Evreneti,  Crates,  Nu- 
menlus  the  grammarian,  Pyrrhus  of  Magnefia,  Thales, 
Zeno,  and  many  others,  as  may  be  feen  in  Voffius, 
p.  156.  Siiidas  aferibes  feveral  other  works  to  Aratiis, 
Virgil,  in  his  Georgies,  has  tranftated  or  imitated 
many  palfages  from  this  author  : Ovid  fpeaks  of  him 
with  admiration,  as  well  as  many’-  others  of  the  poets ; 
And  St.  Paul  has  quoted  a paftage  from  him  ; which  is 
in  his  fpeech  to  the  Athenians  (Adts  xvii.  28.)  where 
he  tells  them  that  fome  of  their  own  poets  have  faid. 
For  ive  are  olfo  his  o^spring,  thefe  words  being  the  be- 
ginning of  the  5th  line  of  the  Phenomena  of  Aratus. 

His  modern  editors  are  as  follow  : Henry  Stephens 
publiflied  his  poem  at  Paris  In  1566,  in  his  collection 
of  the  poets,  in  folio.  Grotius  publilhed  an  edition  of 
the  Phenomena  at  Leyden  in  quarto,  1600,  in  Greek 
and  Latin,  with  the  fragments  of  Cicero’s  verfion,  and 
the  tranflations  of  Germanicus  and  Avienus  ; all  which 
the  editor  has  illuftrated  ^with  curious  notes,  Alfo  a 
neat  and  correCl  edition  of  Aratus  was  publifhed  at 
Oxford,  1672,  in  8vo.  with  the  Scholia. 
ARAEOMETER,  fee  Areometer. 

ARC,  or  Arch  ; which  fee. 

ARCADE,  in  Architecture,  denotes  an  opening 
in  the  wall  of  a building  formed  by  an  arch. 

ARC-BOUTANT,  is  a kind  of  arched  buttrefs, 
formed  of  a flat  arch,  or  part  of  an  arch,  abutting 
again  ft  the  feet  or  Tides  of  another  arch  or  vault,  to  fup- 
port  them  and  prevent  them  from  burfting  or  giving  way, 

ARCAS,  a name  by  which  fome  of  the  old  writers 
call  the  ftar  ArCturus  ; a Angle  and  very  bright  ftar  of 
the  firft;  magnitude,  between  the  legs  of  the  conftella'* 
tion  Bootes.  They  fay  Areas,  the  fon  of  Califto  by 
Jupiter,  when  he  was  about  to  have  killed  his  mother 
in  the  ftiape  of  a.  bear,  was,  together  with  her,  fnatched 
up  into  Heaven  ; where  fhe  was  converted  into  the  con- 
ftellation  of  the  Great  Bear,  near  the  north  pole,  and 
the  youth  into  this  fingle  ftar. 

ARCH,  Arc,  Arcus,  in  Geometry,  n part  of  any 
curve  line ; as,  of  a circle,  or  ellipfis,  or  the  like. 

It  is  by  means  of  circular  arcs,  or  arches,  that  all 
angles  are  mes^ured ; the  arc  being  defcribed  from  the 
angular  point  as  a centre.  For  this  purpofe,  every 
circle  is  fuppofed  to  be  divided  into  360  degrees,  or 
equal  parts ; and  an  arch,  or  the  angle  it  fubtends  and 
meafures,  is  eftimated  according  to  the  number  of  thofe 
degrees  It  contains:  thus,  an  arc,  or  angle,  is  faid  to 
be  of  30  or  80,  or  too  degrees. — Circular  arcs  are  alft) 
of  great  ufe  in  finding  of  fluents. 


Concentrk 


ARC 


[ JS5  ] ARC 


Concentric  Arcs,  are  fuch  aa  Have  the  Tame 
centre. 

Equal  Arcs,  are  fuch  arcs,’  of  the  fame  circle,  or  of 
equal  circles,  as  contain  the  fame  number  of  degrees. 
Tiiefe  have  alfo  equal  chords,  fines,  tangents,  &c. 

Shnilar  of  unequal  circles,  &c,  are  fuch  as 

contain  the  fame  number  of  de- 
grees, or  that  are  the  like  part 
or  parts  of  their  refpe6live  whole 
circles.  Hence,  in  concentric 
circles,  any  two  radii  cut  off,  or 
intercept,  fimilar  arcs  MN  and 
OP Simil  ar  arcs  are  propor- 

tional to  the.radii  LM,  LO,  or  to 
the  whole  circumferences. — Simi- 
lar arcs  of  other  like  curves,  are 
alfo  like  parts  of  t1ie  wholes,  or 
determined  by  like  parts  alike  pofited. 

Oj  the  Length  of  Circular  Arcs.  The  lengths  of  cir- 
cular arcs,  as  found  and  expreffed  in  various  ways,,  may 
be  leen  in  my  large  Treatifc  on  Menfuration,  pa.  1 18, 
& feq.  2d  edition  : fome  of  which  are  as  follow. 
The  radius  of  a circle  being  i ; and  of  any  arc  <7,  if  the 
tangent  be  /,  the  fine  j,  the  cofine  r,  and  the  verfed 
fine  “u  ; then  the  arc  a will  be  truly  expreffed  by  feveral 
ferles,  as  follow,  viz,  the  arc 
a=.t  - \ y.n  -f 


+ i-  -7-  5- 


&c. 
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ci=z  *01745329  Sec  X d ; where 


^ denotes  the  number  of  degrees  in  the  given  arc, 

Q 

Aifoa  = :^  — nearly  where  C is  the  chord  of  the 
3 

arc,  and  c the  chord  of  half  the  are  ; whatever  the 
radius  is. 


Eo  inmejligate  the  length  of  the  arc  of  any  curve.  Put 
X — the  abfeifs,  y ~ the  ordinate,  of  the  arc  z,  of  any 

^ curve  whatever.  Put  z,  = a/>^*  d- ; then,  by  means 
of  the  equation  of  the  curve,  find  the  value  of  x in  terms 
of  j,  or  of y In  terms  of  x^  and  lubfiltute  that  value  in- 

ffead  of  it  in  the  above  expreffion  jf  x'^  ; 

hence,  taking  the  fluents,  they  will  give  the  length  of 
the  arc  z,  in  terms  of  ;r  or  y. 

Arch,  In  Aftronomy;  Of  this,,  there  are  various 
kinds.  Thus,  the  latitude,  elevation  of  the  pole,  and 
the  declination,  are  racafured  by  an  arch  of  the  meri- 
dian ; and  the  longitude,  by  an  arch  of  a parallel 
circle,  &c. 

Diurnal  Arch  of  the  fun,,  is  part  of  a circle  parallel 
to  the  equator,  deferibed  by  the  fun  In  his  courfe  from 
his  rlfing  to  the  fetting.  And  his  Noaurnal  Arch 
is  of  the  fame  kind;  excepting  that  it  Is  deferibed  from 
fetting  to  rifing„ 

of  Progr^on^  or  Dlredton,  is  an  arch  of  the 
ecliptic,^  which  a planet  feems  to  pafs  over,  when  its 
motion  is  dlredl,, or  according  to  the  order  of  the  figns* 
qS  Retrogradation^  is  an  arch  of  the  ecliptic,, 
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deferibed  while  a planet  is  retrograde,  or  moves  con- 
trary to  the  order  of  the  figns. 

Arch  between  the  Centres,  in  eclipfes,  is  an  arch' 
paffing  from  the  centre  of  the  earth’s  fhadow,  perpendi- 
cular to  the  moon’s  orbit,  meeting  her  centre  at  the 

middle  of  an  ccllpfe. If  the  aggregate  of  this  arch 

and  the  apparent  femi-diameter  of  the  moon,  be  equal 
to  the  femi-diameter  of  the  ihadow,  the  eclipfe  will  be 
total  for  au  inllant,  or  without  any  duration  ; and  if 
that  fum  be  lefs  than  the  radius  of  the  ihadow,  the 
eclipfe  will  be  total,  with  fome  duration  ; but  if  greater, 
the  eclipfe  will  be  only  partial. 

Arch  of  Vifwn,  is  that  w'hich  meafures  the  fun’s 
depth  below  the  horizon,  when  a fiar,  before  hid  by  his 
rays,  begins  to  appear  again. — The  quantity  of  this 
arch  is  not  always  the  fame,  but  varies  with  the  latitude, 
declination,  right  afcenfion,  or  defeenfion,  and  dif- 
tance,  of  any  planet  or  fiar.  Ricciol.  Almag.  v.  I, 
pa.  42.  However,  the  following  numbers  will  ferve 
nearly  for  the  liars  and  planets.. 

TABLE  exhibiting  the  Arch  of  Vifon  of  the  Planets^ 

and  Fixed  Stars* 


PLANETS* 

FIXED 

STARS*. 

Magnitude. 

Mercury  - - 10® 

0 

I - - 

12® 

Venus  - ‘ “ 5 

0 

2 • 

m m 

13 

Tvlars  - - II 

30 

.3  - - 

14 

Jupiter  “ - 10 

0 

4 

- 

Batura  - - 11 

0 

5 * - 

- 

i6' 

t 

6 - - 

- 

17 

Arch,  in  Architcdlure,  is  a concave  (Irudlure,  ralfed’ 
or  turned  upon  a mould,  called  the  centering,  in  form 
of  the  arch  of  a curve,  and  ferving  as  the  inward  fup- 
port  of  fome  fiiperilrudlure.  Sir  Henry  Wotton  fays. 
An  arch  is  nothing  but  a narrow  or  contracted  vault 
and  a vault  is  a dilated  arch. 

Arches  are  ufed  In  large  intercolumnations  of  fpacious 
buildings ; in  porticoes,  both  within  and  without  temples;. 
In  public  halls,  as  ceilings,  the  courts  of  palaces,  cloifters, 
theatres,  and  amphitheatres.  They  are  alfo  ufed  to 
cover  the  cellars  in  the  foundations  of  houfes,  and 
powder  magazines  ; alfo  as  buttreffes  and  counter-forts, 
to  fupport  large  walls  laid  deep  in  the  earth  ; for  tri- 
umphal arches,  gates,  windows,  Sec  ; and,  above  all,  for 
the  foundations  of  bridges  and  aqueducls.  And  they 
arc  fupported  by  piers,  butments,  Impofts,  Sec, 

Arches  are  of  feveral  kinds,  and  are  commonly  de- 
nominated from  the  figure  or  curve  of  them  ; as  cir- 
cular, elliptical,  cycloidal,  catenarian,  &c,  according  as 
their  curve  is  In  the  form  of  a circle,  ellipfe,  cycloid, 
catenary,  Sec, 

There  are  alfo  other  denominations  of  circular  arches, 
according  to  the  different  parts  of  a circle,  or  manner  of 
placing  them.  Thus, 

Semicircular  Arches,  which  are  thofe  that  make  an. 
exa£l  femicircle,  having  their  centre  in  the  middle  of 
the  fpan  or  chord  of  the  arch  ; called  alfo  by  the  Frencli. 
builders,  per  feel  arches,  and  arches  en  plein  centre^. 
The  arches  of  W eflminfler  Bridge  are  femiclrcular. 

Arches,  or  fkene,  are  thofe  which  are  lefs-; 
than  femicircle s,  and  are  confcquently  flatter  arches;. 

containing- 
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■containing  i ?0,  or  90,  or  6O3  degree.?,  See.  They  are 
alfo  called  impsrfeEt  and  d'lminifhed  arches. 

Arches  of  the  third  and  fourth  pointy  or  Qothlc  arches ; 
or,  as  the  Italians  call  them,  di  terzo  and  quarto  acuiOy 
'becaiife  they  always  meet  in  an  acute  angle  at  top.  Thefe 
conlift  of  two  excentric  circular  arches,  meeting  in  an 
angle  above,  and  are  drawn  from  the  divifion  of  the 
chord  into  three  or  four  or  more  parts  at  pleafure.  Of 
■this  kind  are  many  of  the  arches  in  churches  and  other 
old  Gothic  buildings. 

Elliptical  Arches,  ufually  confift  of  femi-ellipfes  ; 
and  were  formerly  much  nfed  inftead  of  mantle-trees  in 
-chimnies ; and  are  now  much  ufed,  from  their  bold  and 
beautiful  appearance,  for  many  piirpofes,and  particularly 
for  the  arches  of  a bridge,  like  that  at  Black-Friars, 
both  for  their  drength,  beauty,  convenience,  and  cheap- 
nefs. 

Straight  Arches,  are  thofe  which  have  their  upper 
and  under  edges  parallel  ftraight  lines,  inflead  of  curves, 
Thefe  are  chiefly  ufed  over  doors  and  windows ; and 
Tave  their  ends  and  joints  all  pointing  towards  one 
common  centre.  * 

Arch  is  particularly  ufed  for  the  fpace  between  the 
two  piers  of  a bridge,  intended  for  the  paffage  of  the 
wnater,  boats,  &c. 

Arch  of  equilibration  ^ is  that  which  is  in  equilibrium 
in  all  its  parts,  having  no  tendency  to  break  in  one  part 
more  than  in  another,  and  which  is  therefore  fafer  and 
ilronger  than  any  other  figure.  Every  particular  figure 
of  the  extrados,  or  upper  fide  of  the  wall  above  an  arch, 
requires  a peculiar  curve  for  the  under  fide  of  the  arch 
itfelf,  to  form  an  arch  of  equilibration,  fo  that  the  in- 
cumbent preffure  on  every  part  may  be  proportional  to 
the  flrength  or  refillance  there.  When  the  arch  is 
equally  thick  throughout,  a cafe  that  can  hardly  ever 
happen,  then  the  catenarian  curve  is  the  arch  of  equili- 
bration ; but  in  no  other  cafe;  and  therefore  it  is  a great 
millake  in  fome  authors  to  fuppofe  that  this  curve  is  the 
beft  figure  for  arches  in  all  cafes ; when  in  reality  it  is 
commonly  the  word.  This  fubjedt  is  fully  treated  in 
my  Principles  of  Bridges^  pr.  5,  where  the  proper  intra- 
dos  is  invedigated  for  every  extrados,  fo  as  to  form  an 
arch  of  equilibration  in  ail  cafes  whatever.  It  there 
appears  that,  when  the  upper  fide  of  the  wall  is  a draight 
horizontal  line,  as  in  the  annexed  figure,  the  equation 


of  the  curve  is  thus  expreffed. 


X 


log.  of 


a~i-x  -p  \/2ax  -j-  XX 


a 


' log.  of 


a -f-  r +V^  2ar  rr  * 


where  x = DP,  y = PC,  r = DQ^h  AC^and  a cs 
DK.  And  hence,  when  ay  h,  r,  are  any  given  num- 
bers, a table  is  formed  for  the  correfponding  values  of 
X and  y,  by  which  the  curve  is  condrufted  for  any  parti- 
cular occadou.  Thus  fuppofing  a or  DK  — 6,  h or  AQ^ 
50,  and  r or  DQj==-'  40  ; then  the  correfponding  values 
of  KI  and  IC,  or  horizontal  and  vertical  lines,  will  he 
as  in  this  table. 

fable  for  conJlruEilng  the  Curve  of  Equilibration, 


Value  of 
KI. 

Value  of 

IC. 

Value  of 
KL 

Value  of 

IC. 

1 Value  ol 
KL 

Value  of 

IC. 

0 

6*000  ■ 

21 

io.381 

36 

21-774 

2 

6-035 

22 

i 0*858 

37 

22*948 

4- 

6*144 

23 

1 1 *368 

3^ 

24*190 

6 

6*324 

24 

[1*911 

39 

25*505 

8 

b'ySo 

25 

1 2*489 

40 

26*894 

10 

6 914 

26 

13*106 

4^ 

28*364 

12 

7‘330 

27 

13-761 

42 

29*919 

13 

7’5  7i  I 

28 

'4‘457 

43 

31*563 

14 

7-834  : 

29 

rS'!Qt> 

44 

33*299 

13 

8*120  i 

3'^ 

15*980 

16 

8*430 

3J 

i6*8i  i 

46 

37  075 

17 

8*766  1 

32 

17*693 

47 

39*126 

18 

9*168 

33 

18  *627 

48 

41*293 

19 

9’5G  1 

34 

19*617 

4d 

43‘58i 

20 

9*934  i 

3 3 

20*664 

■ 50 

46*000- 

The  dodtrine  and  ufe  of  arches  are  neatly  delivered 
by  Sir  Henry  Wotton,  though  he  is  not  ahvays  mathe- 
matically accurate  in  the  principles.  Ele  fays ; Flff, 
All  matter,  unlefs  impeded,  tends  to  the  centre  of  the 
earth  in  a perpendicular  line.  Secondly  ; All  iolid  rpate- 
rials,  as  bricks,  dones,  &c,  in  their  ordinary  rediaiigular 
form,  if  laid  In  numbers,  one  by  the  fide  of  another,  in  a 
level  row,  and  their  extreme  ones  fiidalned  betw'een 
two  fupporters  ; thofe  in  the  middle  will  necedarily 
fink,  even  by  their  own  gravity,  much  more  if  forced 
down  by  any  fuperincumbent  weight.  To  make  them 
dand,  therefore,  either  their  dgure  or  their  pofition 
mud  be  altered. — Thirdly ; Stones,  or  other  materials, 
being  figured  cuneatlm,  or  wedge -like,  broader  above 
than  below,  and  laid  in  a level  rowy  with  their  two 
extremes  fupported  as  in  the  lad  article,  and  pointing 
all  to  the  fame  centre  ; none  of  them  can  fink,  till  the 
fupporters  or  hutments  give  way,  becaufe  they  want 
room  in  that  fituatlon  to  defeend  perpendicularly.  But 
this  is  a w^eak  drudture  ; becaufe  the  fupporters  are 
fubjedf  to  too  much  impulfion,  efpecially  where  the  line 
is  long ; for  wflilch  reafon  the  form  of  draight  arches 
is  feldom  ufed,  excepting  over  doors  and  windows, 
where  the  line  is  diort  and  the  fide  walls  drong.  In 
order  to  fortify  the  work,  therefore,  we  mud  change 
not  only  the  figure  of  the  materials,  but  alfo  their  po- 
fition.— Fourthly  ; If  the  materials  be  fhaped  wedge- 
wife,  and  be  difpofed  in  form  of  an  arch,  and  pointing 
to  fome  centre  ; in  this  cafe,  neither  the  pieces  of  the 
faid  arch  can  fink  downwards,  for  want  of  room  to 
defeend  perpendicularly  ; nor  can  the  fupporters  or  hut- 
ments differ  much  violence,  as  in  the  preceding  fl^t 
form  : for  the  convexity  will  always  make  the  incum- 
bent rather  red  upon  the  fupporters,  than  thrud  or 
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pnfh  tlietn  outwards.  His  reafonlng,  however,  after- 
wards, on  the  effedl  of  circular  and  other  arches,  is  not 
accurate,  as  he  attends  only  to  the  fide  prefTure,  without 
confidering  the  efFe<5t-of  different  vertical  preffures. 

The  chief  properties  of  arches  of  different  curves, 
may  be  feen  in  the  2d  feCf.  of  my  Principles  of  Bridges, 
above  quoted.  It  there  appears  that  none,  except  the 
mechanical  curve  of  the  arch  of  equilibration,  can  ad- 
mit of  a horizontal  line  at  top:  that  this  arch  is  of  a 
form  both  graceful  and  convenient,  as  it  may  be  made 
higher  or  lower  at  pleafure,  with  the  fame  fpan  or  open- 
ing : that  all  other  arches  require  extrados  that  are 
curved,  more  or  lefs,  either  upwards  or  downwards  : of 
thefe,  the  elliptical  arch  approaches  the  neareft  to  that 
of  equilibration  for  equality  of  flrength  and  conveni- 
ence ; and  it  is  alfo  the  bell  form  for  moll  bridges,  as  it 
can  be  made  of  any  height  to  the  fame  fpan,  its  handles 
being  at  the  fame  time  fufHciently  elevated  above  the  wa- 
ter, even  when  it  is  very  flat  at  top  : elliptical  arches  alfo 
look  bolder  and  lighter,  are  more  uniformly  llrong,  and 
much  cheaper  than  moll  others,  as  they  require  lets  ma- 
terials and  labour.  Of  the  other  curves,  the  cycloidal 
arch  is  next  in  quality  to  the  elliptical  one,  for  thofe 
properties,  and,  lallly,  the  circle.  As  to  the  others, 
the  parabola,  hyperbola,  and  catenary,  they  are  quite  In- 
admnffible  in  bridges  that  con  fill  of  leveral  arches  ; but 
may,  in  fome  cafes,  be  employed  for  a bridge  of  one 
fingle  arch  which  may  be  intended  to  rife  vei*}’  high, 
as  in  fuch  cafes  as  they  are  not  much  loaded  at  the 
hanches. 

Arch  Mural,  See  Mural  arch. 

ARCHER,  or  Sagittarius,  one  of  the  conllellations 
of  the  northei  R hemifphere,  and  one  of  the  twelve  figns 
of  the  zodiac,  placed  between  the  Scorpion  and  Ca- 
pricorn. See  Sagittarius, 

ARCHIMEDES,  one  of  the  moH  cekbrated  ma- 
thematicians among  the  ancients,  who  flouriflied  about 
250  years  before  Chrlll,  being  about  50  years  later  than 
Euclid.  He  was  born  at  Syracufe  in  Sicily,  and  was 
related  to  Hlero,  who  was  then  king  of  that  city.  The 
mathematical  genius  of  Archimedes  fet  him  with  fuch 
dillingulfhed  excellence  in  the  view  of  the  world,  as  ren- 
dered him  both  the  honour  of  his  own  age,  and  the  ad- 
miration of  pollerity.  He  was  indeed  the  prince  of 
the  ancient  mathematicians,  being  to  them  what  New- 
ton is  to  the  moderns,  to  whom  in  his  genius  and  cha- 
racler  he  bears  a very  near  refemblancc.  Eie  was  fre- 
quently loll  in  a kind  of  reverie,  fo  as  to  appear  hardly 
fenfible  ; he  would  fludy  for  days  and  nights  together, 
neglecling  his  f«od  ; and  Plutarch  tells  us  that  he  ufed 
to  be  carried  to  the  baths  by  force.  Many  particulars 
of  his  life,  and  works,  mathematical  and  mechanical, 
are  recorded  by  feveral  of  the  ancients,  as  Polybius, 
Dlvy,  Plutarch,  Pappus,  See,  He  was  equally  lie  died  in 
all  the  fciences,  ailronomy,  geometry,  mechanics,  hy- 
drollatics,  optics,  &c,  in  all  of  which  he  excelled,  and 
made  many  and  great  Inventions. 

Archimedes,  it  is  faid,  made  a fphere  of  glafs,  of  a 
moll  furprifmg  contrivance  and  workmanlhip,  exhibiting 
the  motions  of  the  heavenly  bodies  in  a very  plealing 
manner.  Claudian  has  an  epigram  upon  this  invention, 
which  has  been  thus  tianflated  : 

When  in  a glafs’s  narrow  fpace  confin’d, 

Jove  faw  the  fabric  of  th’  almighty  mind,: 

VoL.  I, 


}' 

He  fmil’d,  and  faid,  Can  mortals’  art  alone, 

Oui'  heavenly  labours  mimic  with  their  own  > 

The  Sviacufian’s  brittle  work  contains 
T h’  eternal  law,  that  through  all  nature  reigns. 

Fram’d  by  his  art  fee  ftars  unnumbei’d  burn. 

And  in  their  courfes  rolling  orbs  return  : 

His  I'un  through  various  ligns  deferibes  the  year; 

And  every  month  his  mimic  moons  appear. 

Our  rival’s  laws  his  little  planets  bind, 

And  rule  their  motions  with  a human  mind, 

Salmoneus  could  our  thunder  imitate, 

Rut  Archimedes  can  a world  create. 

Many  wonderful  flories  are  told  of  his  dlfcoveries, 
and  of  his  very  powerful  and  curious  macliines,  &c. 
Eliero  once  admiring  them,  Archimedes  replied,  thefe 
effedls  are  nothing,  ‘‘  But  give  me,  faid  he,  fome  other 
place  to  fix  a machine  on,  and  I fhall  move  the  earth.”' 
He  fell  upon  a curious  device  for  difeovering  the  deceit 
which  had  been  pradliced  by  a workman,  employed  by 
the  faid  king  Hiero  to  make  a golden  crown.  Hiero, 
Iiaving  a mind  to  make  an  offering  to  the  gods  of  a' 
golden  crown,  agreed  for  one  of  great  value,  and  weigh- 
ed out  the  gold  to  the  artificer.  After  fome  time  he 
brought  the  crown  home  of  the  full  weight ; but  it  was 
afterwards  difeovered  or  fiifpedled  that  a part  of  the 
gold  had  been  llolen,  and  the  like  weight  of  filver  fub- 
llituted  in  its  (lead.  Hiero,  being  angry  at  this  impo- 
fition,  defired  Archimedes  to  take  it  into  confidcration, 
how  fuch  a fraud  might  be  certainly  difeovered.  While 
engaged  in  the  folutiou  of  this  diificulty,  he  happened 
to  go  into  the  bath  ; where  obferving  that  a quantity 
of  water  overflowed,  equal  to  the  bulk  of  his  body,  it 
prefently  occurred  to  him,  that  Hiero ’s  queilicn  might 
be  anfvvered  by  a like  method  : upon  which  he  leaped 
out,  and  ran  homeward,  crying  out  icgr.y.cc  1 fvsY,x.si  ! I 
liave  found  it ! I have  found  it ! He  then  made  two 
mafles,  each  of  the  fame  weight  as  the  crown,  one  of 
gold  and  the  other  of  filver:  this  done,  he  filled  a vefTcl 
to  the  brim  with  water,  and  put  the  filver  mafs  into  it, 
upon  which  a quantity  of  water  overflowed  equal  to  the 
bulk  of  the  mafs  ; then  taking  the  mafs  of  filver  out 
lie  filled  up  the  velfel  again,  meafnring  the  water  exact- 
ly, which  he  put  in  ; this  fliewed  him  what  m.eafure  of 
water  anlwered  to  a certain  quantity  of  filver.  d'hen  he 
tried  the  gold  in  like  manner,  and  found  that  it  caufed 
a lefs  quantity  of  water  to  overflow,  the  gold  being  lefs 
in  bulk  than  the  filver,  though  of  the  fame  weight.  He 
then  filled  the  veffel  a third  time,  and  putting  in  the 
crown  itfelf,  he  found  that  it  caufed  more  water  to 
overflow  than  the  golden  mafs  of  the  fame  weight,  but 
lefs  than  the  filver  one  ; fo  that,  finding  its  bulk  be- 
tween the  two  mafles  of  gold  and  filver,  and  that  in 
certain  known  proportions,  he  hence  computed  the  real 
quantities  of  gold  and  filver  in  the  crown,  and  fo  ma- 
nifeftly  difeovered  the  fraud. 

Archimedes  alfo  contrived  many  machines  for  ufeful 
and  beneficial  purpofes:  among  thefe,  engines  for  laimcli- 
ing  large  fhips  ; ferew  pumps,  for  exhaulling  the  water 
out  of  flilps,  marflics  or  overflowed  lands,  as  Egypt,  &c, 
which  they  would  do  from  any  depth. 

But  he  became  mod  famous  by  his  curious  contrivan- 
ces, by  which  the  city  of  Syracufe  was  fo  long  defended, 
when  belieged  by  the  Roman  conful  Marcellus  ; fliow- 
ering  upon  the  enemy  fometimes  long  darts,  and  flones 
of  vail  weight  and  in  great  quantities  ; at  other  times 
lifting  their  fliips'up  into  the  air,  that  had  come  near 
T the 
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tlie  walls,  and  dafhing  them  to^pieces  by  letting  them 
Jail  down  again  ; nor  could  they  find  their  lafety  in  re- 
nmving  out  of  the  reach  of  his  cranes  and  levers,  for 
th  ere  he  contrived  to  fire  them  with  the  rays  of  the  fun 
refleded  from  burning  glaffes. 

However,  notwdthftanding  all  his  art,  Syracufe  was 
at  length  taken  by  llorm,  and  Archimedes  was  fo  veiy 
intent  upon  fome  geometrical  problem,  that  he  neither 
heard  the  noife,  nor  minded  any  thing  elfc,  till  a foldier 
that  found  him  tracing  of  lines,  affted  him  his  name, 
and  upon  his  requefl  to  begone,  and*,  not  diforder  his 
figures,  flew  him.  “ What  gave  Marcellus  the  great- 
eft  concern,  fays  Plutarch,  was  the  unhappy  fate  of 
Archimedes,  w'ho  was  at  that  time  in  his  mufeum  ; and 
his  mind,  as  w^ell  as  his  eyes,  fo  fixed  and  intent  upon 
fome  geometrical  figures,  that  he  neither  heard  the 
noife  and  hurry  of  the  Romans,  nor  perceived  the  city 
to  be  taken.  In  this  depth  of  fludy  and  contemplation, 
a foldier  came  fuddenly  upon  him,  and  commanded  him 
to  follow  him  to  Marcellus  ; 'which  he  refufing  to  do, 
till  he  had  finiflied  his  problem,  the  foldier,  in  a rage, 
drew  liis  Iword,  and  ran  him  through.’^  Livy  fays  he 
was  flain  by  a foldier,  not  knowing  wdio  he  was,  while 
he  w'as  drawing  fehemes  in  the  dull : that  Marcellus 
was  grieved  at  his  death,  and  took  care  of  his  funeral; 
and  made  his^name  a protection  and  honour  to  thofe 
who  could  claim  a relationfliip  to  him.  His  death  it 
feems  happened  about  the  142  or  1^3  Olympiad,  or 
2 10  years  before  the  birth  of  Chrlfc. 

When  Cicero  was  queftor  for  Sicily,  he  difeovered  the 
tomb  of  Archimedes,  all  overgrown  with  bufiies  and 
brambles;  which  he  caufed  to  be  cleared,  and  the  place 
fet  in  order.  There  was  a fphere  and  cylinder  cut  upon 
it,  with  ail  Infcriptioii,  but  the  latter  part  of  the  verfes 
quite  worn  out. 

Many  of  the  works  of  this  great  man  are  ftlll  extant, 
though  the  greatefi:  part  of  them  are  lofl.  The  pieces 
remaining  are  as  follow:  i.  Two  books  on  the  Sphere 
and  Cylinder. — 2.  The  DImenfion  of  the  Circle,  or  pro- 
portion between  the  diameter  and  the  circumference. — 
3.  Of  Spiral  lines.— -4.  Of  Conoids  and  Spheroids. — 
5.  Of  Equiponderants,  or  Centres  of  Gravity. — 6.  The 
Quadrature  of  the  ^Parabola. — 7.  Of  Bodies  floating  on 
Fluids. — 8.  Lemmata. — 9.  Of  the  Number  of  the  Sand. 

AmoiiFthe  works  of  Archimedes  which  are  loft,  may 
be  reckoned  the  defcriptlons  of  the  following  Inventions, 
which  may  be  gathered  from  himfelf  and  other  ancient 
authors.  I . His  account  of  the  method  which  he  em- 
ployed to  difeover  the  mixture  of  gold  and  filver  in  the 
crown,  mentioned  by  Vitruvius.  — 2.  His  defcriptlon 
of  the  Cochleon,  or  engine  to  draw  water  out  of  places 
where  It  is  ftagnated,  ftill  in  life  under  the  name  of  Ar- 
chimedes’s Screw.  AtbenKiis,  jpeaking  of  the  pro- 
digious fliip  built  by  the  order  of  Hiero,  fays,  that 
Arcliimedes  invented  the  cochleon,  by  means  of  which 
the  hold,  notwitliftanding  its  depth,  could  be  drained 
by  one  man  And  Diodorus  Siculus  fays,  that  he  con- 
trived this  machine  to  diain  Egypt,  and  that  by  a won- 
derful raechainlm  it  would  exhauft  the  water  from  any 
depth. — 3.  The  Helix,  by  means  of  Vv'hich,  Athenaeus 
informs  us,  he  launched  Hiero’s  great  ftaip.— 4.  The 
Trifpaftorl,  which,  according  to  Tzetzes  and  Oribafius, 
could  draw  the  moft  ftupendous  weiglits. — 5.  The  ma- 
chines, which, accordiiigto  Polybius,  Livy,  and  Plutarch, 
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he  ufed  in  the  defence  of  Syracufe  againft  Marcellus, 
confifting  of  Tormenta,  Ballftie,  Catapults,  Saglttarii, 
Scorpions,  Cranes,  See. — 6.  Plis  Burning  Glaffes,  with 
which  he  fet  fire  to  the  Roman  gallles. — 7.  His  Pneuma- 
matic  and  Hydroftatic  engines,  concerning  which  fiib- 
je6ls  he  wrote  fome  books,  according  to  Tzetzes, 
Pappus,  and  Tcrtullian. — 8.  His  Sphere,  which  exhi- 
bited the  celeftlal  motions.  And  probably  many  others. 

A whole  volume  might  be  written  upon  the  curious 
methods  and  inventions  of  Archimedes,  tliat  appear  in 
his  mathematical  writings  now  extant  only.  He  was 
the  firft  who  fqnared  a curviliaeal  fpace  ; nnlefs  Hypo- 
crates  muft  be  excepted  on  account  of  his  limes.  In 
his  time  the  conic  fedlions  were  admitted  intp  geometry, 
and  he  applied  himfelf  clofely  to  the  rneafuring  of  them, 
as  well  as  otlier  figures.  Accordingly  he  determined  the 
relations  of  fpheres,  fpheVoids,  and  conoids,  to  cylin- 
ders and  cones  ; and  the  relations  of  parabolas  to  redli- 
ilneal  planes  whofe  quadratures  had  long  before  been 
determined  by  Euclid.  He  has  left  us  alfo  his  attempts 
upon  the  circle  : he  proved  that  a circle  is  equal  to  a 
rig'ht-angled  triangle,  whofe  bafe  Is  equal  to  the  clrcum- 
feience,  and  Its  altitude  equal  to  the  radius;  and  con- 
fequently,  that  its  area  is  equal  to  the  redtangle  of  half 
the  diameter  and  half  the  circumference  ; thus  reducing 
the  quadrature  of  the  circle  to  the  determination  of  the 
ratio  between  the  diameter  and  circumference  ; which 
determination  however  has  never  yet  been  done.  Being 
difappointed  of  the  exa^  quadrature  of  the  circle,  for 
want  of  the  rectification  of  Its  circumference,  which  all 
his  methods  would  not  effeCt,  he  proceeded  to  affigii 
an  ufeful  approximation  to  it : this  he  effeCted  by  the 
numeral  calculation  of  the  perimeters  of  the  inferibed 
and  cirenmferibed  polygons ; from  which  calculation 
it  appears  that  the  perimeter  of  the  circiimfcribed  re- 
gular polygon  of  192  fides,  Is  to  the  diameter,  In  aid's 
ratio  than  that  of  3y  or  3 to  i ; and  that  the  peri- 
meter of  the  inferibed  polygon  of  96  fides,  Is  to  the  di- 
ameter, in  a greater  ratio  than  that  of  3 to  1 ; and 
confeqnently  that  the  ratio  of  the  circnmierence  to  the 
diameter,  lies  between  thefe  two  ratios.  Now  the  firft 
ratio,  of  3y  to  i,  reduced  to  whole  numbers,  gives 
that  of  22  to  7,  for  3y  : I : : 22  : 7 ; which  therefore 
is  nearly  the  ratio  of  the  circumference  to  the  diameter. 
From  this  ratio  between  the  circumference  and  the  di- 
ameter, Archimedes  computed  the  approximate  area  of 
the  circle,  and  he  found  that  it  is  to  the  fqiiare  of  the 
diameter,  as  1 1 is  to  14.  He  determined  alfo  the  re- 
lation between  the  circle  and  eliipfe,  with  that  of  their 
limilar  parts.  And  It  is  probable  that  he  likewiie  at- 
tempted the  hyperbola  ; but  it  is  not  to  be  expeded 
that  he  met  with  any  luccefs,  fince  approximations  to  its 
area  are  all  that  can  be  given  by  the  various  methods 
that  have  fince  been  invented. 

Befide  thefe  figures,  he  determined  the  meafures  of 
the  fpiral,  defenbed  by  a point  moving  uniformly  along 
a right  line,  the  line  at  tlie  fame  time  revolving 
with  a uniibrm  angular  motion  ; determining  the  pro- 
portion of  its  area  to  that  of  the  circiimfcribed  circle, 
as  alfo  the  proportion  of  their  fedors. 

d'hroughoiit  tlie  wliole  Avorks  of -this  great  man,  we 
every  where  perceive  the  'deepefl  defigii,  and  the  fineft 
invention.  He  feems  to  have  been,  with  Euclid,  ex- 
ceedingly careful  of  adnilulng  into  his  demonllrations 
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nothing  but  principles  perfectly  geometrical  and  unex- 
ceptionable ; and  although  his  moll;  general  method  of 
demonllrating  the  relations  of  curved  figuresto  firaight 
ones,  be  by  inferibing  polygons  in  them  ; yet  to  deter- 
mine thofe  relations,  he  does  not  increafe  the  number, 
and  diminilli  the  magnitude,  of  the  fides  of  the  polygon 
ad  Injimtum;  but  from  this  plain  fundamental  principle, 
allowed  in  Euclid’s  Elements,  (viz,  that  any  quantity 
may  be  fo  often  multiplied,  or  added  to  itfell,  as  that 
the  refult  lhall  exceed  any  propofed  finite  quantity  of 
the  fame  kind,)  he  proves  that  to  deny  his  figures  to 
have  the  propofed  relations,  would  Involve  an  ablurdity. 
And  when  he  demonilrated  many  geometrical  proper- 
ties, particularly  in  the  parabola,  by  means  of  certain 
progreflions  of  numbers,  whofe  terms  are  fimilar  to  the 
inlcribed  figures  ; this  was  Hill  done  without  confideiing 
Inch  feries  as  continued  ad  inJin'Uurn,  and  then  collect- 
ing or  fumming  up  the  terms  of  fuch  inlinite  feries. 

There  have  been  various  editions  of  the  exifiing 
writings  of  Archimedes.  The  whole  of  thefe  works, 
together  with  the  commentary  of  Eutocius,  were  found 
in  their  original  Greek  language,  on  the  taking  of  Con- 
Hantinople,  from  whence  they  were  brought  into  Italy; 
and  here  they  were  found  by  that  excellent  mathema- 
tician John  Muller,  otherwufe  called  Regiomontanus, 
W'ho  brought  them  into  Germany:  where  they  were, 
with  that  Commentary,  publifhed  long  afterwards,  viz, 
in  I 544,  at  Bafil,  being  moH  beautifully  printed  in  folio, 
both  in  Greek  and  Latin,  by  Hervagiiis,  under  the 
■'care  of  Thomas  Gechauff  \'’enatorius. — A I.atin  tranf- 
lation  was  publifhed  at  Paris  1557,  by  Pafcallus  Ha- 
melllus. — Another  edition  of  the  whole,  in  Greek 
and  Latin, ^was  piibliflicd  at  Paris  1615,  in  folio,  by 
David  RIvaltus,  illuftrated  with  new  demontlrations  and 
commentaries:  a life  of  the  author  is  prefixed  ; and  at 
the  end  of  the  volume  Is  added  fome  account,  by  way  of 
reftoration,  of  our  author’s  other  works,  which  have 
been  loft ; viz,  The  Crown  of  Hiero  ; the  Cochleon  ov 
Water  Screw' ; the  Helicon,  a kind  of  endkfs  ferew  ; 
the  TrifpaHon,  confiding  of  a combination  of  wheels 
and  axles  ; the  Machines  employed  in  the  defence  of 
.Sy  racufe  ; the  Burning  Speculum  ; the  Machines  moved 
by  Air  and  Water;  and  the  Material  Sphere. — In 
Dr.  Ifaac  Barrow  publilhed  a neat  edition  of  the 
works,  In  Latin,  at  I^ondon,  in  4to  ; illulfrated,  and 
fuccinhlly  demonftrated  in  a new  method. — But  the 
moft  complete  of  any,  is  the  magnificent  edition,  in 
folio,  lately  printed  at  the  Clarendon  prefs,  Oxford, 
1792.  This  edition  was  prepared  ready  for  the  prefs 
by  the  learned  Jofeph  Torel-i,  of  Verona,  and  in  that 
Hate  prefented  to  the  Univerlity  of  Oxford.  I'he  Latin 
tranflatlon  Is  a new  one.  Torelli  alfo  wrote  a preface, 
a commentary  on  fome  of  the  pieces,  and  notes  on  the 
whole.  An  account  of  the  life  and  writings  of  Torelli 
is  prefixed,  by  Clemens  Sibiliati.  And  at  the  end  a 
a large  appendix  Is  added,  in  twp  parts;  the  firll  being 
a Commentary  on  Archimedes’s  paper  upon  Bodies  that 
float  on  Fluids,  by  the  Rev.  Abram  Rohertfun  of 
Chrift  Church  College  ; and  tire  latter  is  a large  col- 
ledfion  of  various  readings  In  the  Manufcript  works  of 
Archimedes,  found  In  the  library  of  the  late  king  of 
France,  and  of  another  at  Florence,  as  collated  with 
the  Balll  edition  above  mentioned. 

There  are  alfo  extant  other  editions  of  certa'm  parts 


of  the  w'ovks  of  Archimedes.  Thus,  Commardine  pub- 
lilhed, in  4to,  at  Bologna  1565,  the  two  books  con- 
cerning Bodies  that  Float  upon  Fluids,  with  a Com- 
mentary, Commandine  publifhed  alfo  a tranfiation  of  the 
Arenarius.  And  Borelll  ptihliflted,  in  folio,  at  hlorerrce 
1661,  Ldhcr  AJfumptorum^  tranfiated  into 

Latin  from  an  Arabic  manufcript  copy.  This  is  accom- 
panied with  the  like  tranfiation,  from  the  Arabic,  of 
the  nth,  6th,  and  7th  hooks  of  Apollonius’s  Conics. 
Mr.  G.  Anderfon  publifhed  (In  8vo.  Lond. 

Englifii  tranfiation  of  the  Arenarius  of  Archimedes, 
with  leained  and  ingenious  notes  and  illufli'ations.  Dr. 
Wallis  publlflied  a tranfiation  of  the  Arenarius.  And 
there  may  be  other  editions  hefide  the  above,  but  thefe 
are  all  that  I have  got,  or  know  of. 

Archimedes’s  Scre<iu,  See  Screw  of  Archimedes, 

Archimedes’s  Burning-glafs.  See  Burn 

ARCFIITFCT,  a perfon  Ikilled  in  ai-chlteCdurc, 
or  the  art  of  building;  who  forms  plans  and  defigns 
for  edifices,  conducts  the  w'ork,  and  diredfs  the  various 
artificers  employed  in  It. 

The  mod  celebrated  architedfs  are,  Vitruvius,  Palla- 
dio, ScamozzI,  Serllo,  Vignola,  Barbaro,  Cataneo, 
Alberti,  Viola,  Inigo  Jones,  L)e  Lorme,  Perrault, 
S.  Le  Clerc,  Sir  Chrillopher  Wren,  and  the  Earl  of 
Burlington. 

ARCHITECTURE,  Architectural  the  art  of  plan- 
ning and  building  or  eredling  any  edifice,  fo  as  pro- 
perly to  anfwer  the  end  propofed,  for  folidity,  conveni- 
ency,  and  beauty  ; whether  houfes,  temples,  churches, 
bi*idgcs,  halls,  theatres,  &c,  &c. — Architedhure  is  di- 
vided Into  civil,  military,  and  naval  or  marine. 

Civil  Architecture,  is  the  art  of  defigning  and 
eredling  edifices  of  every  kind  for  the  ufes  of  civil  life 
in  every  capacity  ; as  churches,  palaces,  private  houfes,* 
S:c  ; and  it  has  been  divided  into  five  orders  or  mari- 
ners of  building,  under  the  names  of  the  Tufean,  Done, 
Ionic,  Corinthian,  and  Compofite. 

There  were  many  authors  on  architedlure  among' 
the  Greeks  and  Romans,  before  Vitruvius;  but  he  is 
the  firft  whofe  work  is  entire  and  extant.  He  lived  In 
the  reigns  of  Julius  Csefav  and  Augudus,  and  compofed 
a Complete  fydem  of  architedture,  in  ten  hooks,  which 
he  dedicated  to  this  piince.  The  ptincipal  authors  on 
architedlure  fince  Vitruvius,  are  Philander,  Barhams, 
Salmafius,  Baldus,  Alberti,  Gauricus,  Demoniofius, 
Perrault,  De  I’Orme,  RIvlus,  Wottoii,  Serllo,  Palladio, 
Strada,  Vignola,  ScamozzI,  Dlendart,  Catanei,  Treard, 
De  Cambray,  Blondel,  Goldman,  Sturmy,  Wolfius, 
De  Rofi,  Defgodetz,  Baratteri,  Mayer,  Gullelmus, 
Ware,  &c,  &c.  See  alfo  Architect. 

Military  Architecture,  otherwife  more  ufually 
called  Fortification,  Is  the  art  of  drengtbening  and  for- 
tifying places,  to  fcrcen  them  from  the  infults  or  attacks 
of  enemies,  and  the  violence  of  arms  ; by  eredling  forts,  ^ 
cadles,  and  other  fortrefl’es,  with  ramparts,  hadions,  &c. 
— The  authors  w'ho  have  chiefly  excelled  in  this  art, 
are  Coehorn,  Pagan,  Vauban,  Sclieiter,  Blondel,  and 
Montalembert. 

Fa'val  Architecture,  or  fictp-buildirg.  Is  the  art 
of  condrudling  fhips,  galleys,  and  other  velfels  proper  to 
float  on  the  water. 

ARCHITRAVE,  is  that  part  of  a column  which 
bears  immediately  upon  the  capital.  It  Is  the  loweil 
T 2 member 
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Aiiember  of  tbe  entablature,  and  is  fuppofcd  to  reprefent 
the  principal  beam  in  timber  buildings,  in  which  it  is 
fometiraes  called  the  r eaf on  piece ^ or  majier-plece.  Alfo, 
in  chimneys  It  is  called  the  mantle-piece ; and  the  hyper^ 
thyj'on  over  the  jaumbs  of  doors,  or  lintels  of  w'indows. 

Architrave  Corniche.  See  Corniche. 

Architrave  doorsy  are  thofe  which  have  an  arcFii- 
trave  on  the  jaumbs,  and  over  the  door  ; upon  tlie 
cap  piece  if  fliaight  ; or  on  the  arch,  if  the  top  be 
curved. 

Architrave  avhidon.vs,  of  timber,  are  ufually  an 
onee  raifed  out  of  the  folid  timber,  with  a lift  over  it  : 
though  fometimes  the  mouldings  are  ftruck,  and  laid 
on  ; and  fometimes  they  are  cut  in  brick. 

ARCHIVOLT,  the  contour  of  an  arch  ; or  a band 
or  frame  adorned  with  mouldings,  running  over  the 
faces  of  the  vouffoirs  or  arch-ftones,  and  bearing  upon 
'.the  impofts. 

ARCHYTAS,  of  Tarentum,  a celebrated  mathe- 
matician, cofmographer,  and  Pythagorean  phiiofopher, 
whom  Horace  calls 

———Maris  acTerrar,  numcro(iue  carentis  .Arena; 

Menforem. 

He  flouriflied  about  400  years  before  Chi'ift;  and  was 
the  mailer  of  Plato,  Eudoxus,  and  Philolaus.  Pie  gave 
a method  of  finding  two  mean  proportionals  between 
two  given  lines,  and  thence  the  Duplication  of  the  Cube, 
by  m.eans  of  the  conic  fedtions.  His  &ill  In  Mechanics 
was  fuch,  that  he  was  fald  to  be  the  inventor  of  the 
crane  and  the  fcrew  ; and  he  m.ade  a wooden  pigeon 
that  could  fly  about,  when  it  was  once  fet  off,  but  it 
could  not  rife  again  of  itfelf,  after  it  relied.  He 
•wrote  feveral  works,  though  none  of  them  are  now  ex- 
tant, particularly  a treatife  Tsp  t5  ncifie,-,  de  Univerfoy 
cited  by  Simplicius  in  Arlftot.  Categ.  It  is  faid  he  iu^ 
vented  the  ten  categories.  He  acquired  great  reputa- 
tion both  ill  hislegiflative  and  military  capacity  ; having 
commanded  an  army  leven  times  without  es'er  being 
defeated.  He  was  at  laft  fhip wrecked,  and  drowned  in 
the  Adriatic  fea. 

ARCTIC  CircUyX^  a lefler  circle  of  the  fphere,  parallel 
to  the  equator,  and  palling  through  the  north  pole  of  the 
ecliptic,  or  diftant  from  the  north  or  ardllc  pole,  by  a 
quantity  equal  to  the  obliquity  of  the  ecliptic,  which 
was  formerly  eftimated  at  23®  30^,  hut  Its  mean  quan- 
tity is  now  23°  28^  nearly.  This,  and  its  oppoflte,  the 
antardllc  circle,  are  alfo  called  the  polar  circles,  where 
the  longed  day  and  longed  night  are  24  hours,  and 
within  all  the  fpace  of  thele  circles,  at  one  time  of  tlie 
year,  the  fun  never  fets,  and  at  the  oppolite  feafon  he 
never  rifes  for  feme  days,  more  or  lefs  according  as  the 
place  is  nearer  the  pole. 

Arctic  Poky  the  nortli  pole  of  the  world,  and  fo 
called  from  urfuy  the  hear,  from  its  proximity  to 

the  conllellatlon  of  that  name. 

ARCTOPHYLAX,  a conllellatlon  otherwife  called 
Bootes.  Which  fee. 

ARCl'URUS,  a fixed  liar  of  the  firft  magnitude, 
between  the  thighs  of  ilie  conllellation  Bootes.  So 
called  from  ap>tb?,  heacy  and  yp,  tall ; as  being  near  the 
heap s tall. 

Tliis  liar  is  twice  mentioned  in  the  book  of  Job,  viz, 
ixe  9,  and  xxxviii,  32,  by  the  name  Alfli  if  the  tranflation 


be  right ; and  by  many  of  the  ancients  under  its  Greek 
name  ArSurus.  The  Greeks  gave  the  fabulous  hiftory 
of  this  ftar,  or  conllellation,  to  this  purport : Califto, 
who  was  afterwards,  in  form  of  the  great  bear,  raifed 
up  into  a conllellatlon,  they  tell  us,  brought  forth  a foil 
to  Jupiter,  whom  they  called  Areas.  That  Lyacon, 
when  Jupiter  afterwards  came  to  vifit  him,  cut  the  boy 
in  pieces,  and  ferved  him  up  at  table.  Jupiter,  in  re- 
venge, as  well  as  by  way  of  puniflimeRt,  called  down 
lightning  to  confume  the  palace,  and  turned  the  monarch 
into  a wolf.  The  limbs  of  the  boy  v.^ere  gathered  up, 
to  which  the  god  gave  life  again,  and  he  was  taken  and 
educated  by  fome  of  the  people.  His  mother,  who 
was  all  this  time  a bear  in  the  woods,  fell  in  his 
wayr  he  chafed  her,  ignorant  of  the  fa£l,  and,  to 
avoid  him,  flie  threw  herfelf  into  the  temple  of  Jupiter: 
he  followed  her  thither  to  dellroy  her  ; and  this  being 
death  by  the  laws  of  the  country,  Jupiter  took  them 
both  up  into  heaven,  to  prevent  the  punillimeiit,  making 
her  the  conllellation  of  the  great  bear,  and  converting 
the  youth  into  this  Angle  ftar  behind  her. 

Dr.  Hornfby,  the  Saviliail  ProfeTor  of  Allronomy, 
concludes  that  Ardturus  is  the  neareit  ilar  to  our  fyllem 
vilible  in  the  northern  hemlfohere,  becaufe  the  variation 
of  Its  place,  in  confequence  of  a proper  motion  of  Its 
own,  is  more  remarkable  than  that  of  any  other  of  tire 
ftars;  and  by  comparing  a variety  of  obfervations  re- 
fpedling  both  the  quantity  and  diredllon  of  the  motion 
of  this  ftar,  he  infers,  that  the  obliquity  of  the  ecliptic 
decreafes  at  the  rate  of  58'^  in  100  years;  a quantity 
which  nearly  correfponds  to  the  mean  of  the  compu- 
tations framed  by  Euler  and  De  la  Lande,  upon  the 
principles  of  attradlion.  Phllof.  P’ranf.  v.  63, 

ARCTUS,  a name  given  by  the  Greeks  to  two 
coiiftcilations  of  the  northern  heraifphere  ; by  the  Latins 
called  Ursa  major  d.nd  minor y and  by  us  the  greater  and 
lejer  BEAR . 

AREA,  in  general,  denotes  any  plain  furface  to 
walk  upon  ; and  derived  from  arere,  to  be  dry. 

Area,  in  ArchitePure,  denotes  the  fpace  or  fcitc  of 
ground  on  which  an  edifice  Hands.  It  is  alio  ufed  for 
Inner  courts,  and  fuch  like  portions  of  ground. 

Area,  in  G-eometry,  denotes  the 
fiiperficlal  content  of  any  figure. 

The  areas  of  figures  are  eftimated 
in  fqiiares  and  parts  of  Iqiiares. 

'Thus,  fuppofe  a redlangle  EFGH 
have  its  length  EH  equal  to  4.  inch- 
es, or  feet,  or  yards,  &c,  and  Its 
breadth  EF  equal  to  3 ; its  area  will 
then  be  3 times  4,  or  12  fqiiares, 
each  fide  of  which  is  refpedtively 
one  inch,  or  foot,  or  yard,  &;c.  The 
areas  of  other  particular  figures  may  be  feen  under  their 
refpedllve  names. 

The  areas  of  all  fimllar  figures,  are  in  tlie  duplicate 
ratio,  or  as  the  fquares  of  their  like  fides,  or  of  any 

like  linear  dirneniions. Alfo  the  law  by  which  the 

planets  move  round  the  fun,  is  regulated  by  the  areas 
deferibed  by  a line  connedling  the  fun  and  planet;  that 
is,  the  time  is  which  the  planet  deferibes,  or  pafles 
oyer,  any  arc  of  its  elliptic  orbit,  is  proportional  to 
the  elliptic  area  deferibed  In  that  time  by  the  faid  line, 
or  the  feclor  contained  by  the  faid  arc  and  two  radii 

drawn 
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’^rawn  from  Its  extremities  to  the  focus  In  which  the 
fun  is  placed. 

Area,  in  Optics,  See  Field. 

ARENARIUS,  the  name  of  a book  of  Archimedes, 
In  which  he  demonltrated,  that  not  only  the  fands  of  the 
earth,  but  even  a greater  quantity  of  particles  than 
could  be  contained  in  the  immenfe  fphere  of  the  fixed 
Ears,  might  be  exprefled  by  numbers,  in  a way  by  him 
invented  and  defcribed.  This  notation  proceeds  by  cer- 
tain geometrical  progrcfiions ; and  in  denoting  and 
producing  certain  very  dirtant  terms  of  the  progrefTion, 
he  here  hi  (I  of  any  one  makes  ufe  of  a property  hmilar 
to  that  of  logarithms,  viz,  adding  the  indices  of  tlie 
terms,  to  hnd  the  Index  of  the  produdl  of  them.  See 
Archimedes. 

AREOMETER,  Ar.eometrum,  an  Inflrument  to 
meafure  the  denhty  or  gravity  of  fluids. 

The  areometer,  or  water-polfe.  Is  commonly  made 
of  glafs;  conhfling  of  a round  hollow  ball,  which  ter- 
minates in  a long  fender  neck,  hermetically  fealed  at 
top;  having  firft  as  much  running  mercury  put  Into  It, 
as  will  fcrve  to  balance  or  keep  it  fwimming  in  an  ereCl 
pofition.  The  ftem,  or  neck,  Is  divided  Into  degrees  or 
parts  which  are  numbered,  to  fl'.ew,  by  the  depth  of 
its  defcent  into  any  liquor,  the  llghtnefs  or  denhty'  of 
it:  for  that  fluid  Is  heaviefl  In  which  it  hnks  ieafl,  and 
lighteft  In  which  it  hnks  deepeft. 

Another  inllrumcnt  of  this  kind  is  defcribed  by 
Homberg  of  Paris,  in  the  Memoirs  of  the  Acad,  of  Sci- 
ences for  the  year  1699;  alfo  in  the  Philof.  Tranf. 
K®  262,  where  a table  of  numbers  is  given,  exprefling 
the  denhty  of  various  fluids,  as  determined  by  this  in- 
flrument both  in  fummer  and  winter.  By  this  table  it 
appears  that  the  denhty,  or  fpecihe  gravity  of  quick- 
filver  and  difUlled  water,  in  the  two  feafons,  were  as 
follow,  viz, 

in  fnmm.er  as  - I3*di  to  i, 

in.winter  as  - ^3*53  to  i; 

and  the  medium  of  tliefe  two  Is  as  13*57  to  i. 

See  alfo  the  Philof.  Tranf.  vol.  36,  or  Abridg.  vol.  6, 
for  the  defeription  and  ufe  of  another  new  areometer. 

_ AREOMETRY,  the  fclence  of  meafuring'  the 
llghtnefs  and  denhty  of  fluids. — See  the  Philof.  'Pranf. 
vol.  68,  for  an  efl'ay  on  areometiy,  6cc. 

AREOSTYLE,  in  Architefture,  a fort  of  inter- 
coiumnation  in  which  the  columns  were  placed  at  a 
great  diftance  from  one  another. 

ARGENTICOMUS,  among  Ancient  Aflrologeis, 
denotes  a kind  of  hlver-haired  comet,  of  iincom.inou 
lullre,  fuppofed  to  be  the  caufe  of  great  cliangcs  in  the 
planetary  f)  Hem. 

ARGEU'ENAR,  a liar  of  the  fourth  magnitude,  in 
the  flexure  of  the  eonflellation  Erldanus. 

ARGO  NAAIS,  or  the  Jhip,  is  a eonflellation  of 
fixed  ftars,  In  the  fouthern  hemilphere,  being  one  of  the 
48  old  .conflellations.  The  number  of  liars  In  this 
eonflellation,  are,  in  Ptolemy’s  catalogue  45,  In  d’ycho 
Brahe’s  ii,  in  Elamfleed’s  64. 

The  Greeks  tell  us,  that  thus  was  the  famous  fliip  in 
which  the  Argonauts  perfoirned  that  celebrated  expe- 
dition, which  has  been  lo  famous  in  all  their  hillory. 

ARGUMENT,  In  Aflro  nomy,  Is  an  arch  given,  by 
which  another  arch  is  found  in  fame  proportion  to  it. 
Hence, 


41  ] A R I 

Argument  of  Inclination^  or  Argument  of  JLatl- 
tuclcy  of  any  planet,  is  an  arch  of  a planet’s  orbit,  inter- 
cepted between  the  afeending  node,  and  the  place  of 
the  planet  from  the  fun,  numbered  according  to  the 
fuccelfion  of  the  figns. 

Merflrual  Argument  of  Latitude^  is  the  diflance 
of  the  moon’s  true  place  from  the  fun’s  true  places-— 
By  this  Is  found  the  quantity  of  the  real  obfeu- 
ration  in  eclipfes,  or  how  many  digits  are  darkened  ht 
any  place. 

Annual  Argument  of  the  moon^ s apogee,,  or  fimply, 
jinmtal  Argument ^ is  the  diftance  of  the  fun’s  place  from 
the  place  of  the  moon’s  apogee  ; that  is,  the  arc  of  the 
ecliptic  comprifed  between  thofe  two  places. 

Aries,  or  the  Ram^  in  AJirofiomyy  one  of  the  con- 
flellations  of  the  northern  hemifphere,  and  the  firfl:  of  the 
old  twelve  figns  of  the  zodiac,  and  marked  y*  in  imi- 
tation of  a ram’s  head.  It  gives  name  to  a twelfth 
part  of  the  ecliptic,  which  the  fun  enters  commonly 
about  the  20th  of  March, — The  ftars  of  this  eonflellation 
in  Ptolemy’s  catalogue  are  18,  In  Ty'cho  Brahe’s  21, 
in  Hevelius’s  27,  and  in  Flamfleed’s  66:  but  they  are 
mofliy  very  fmall,  only  one  being  of  the  2d  magnitude, 
two  of  the  3d  magnitude,  and  all  the  reft  fmallcr. 

The  fabulous  account  of  this  conftellation,  as  given 
by  the  Greeks,  is  to  this  effeft.  That  Nephele  gave 
Phr)'xus,  her  fon,  a ram,  which  bore  a golden  fleece,  as 
a guard  again!!  the  greateft  dangers.  Juno,  the  flep- 
mother  both  of  him  and  Helle,  laid  deligns  agaiuft 
their  lives;  But  Phryxus,  remembering  the  admonition 
of  his  'hiother,  took  his  lifter  with  him,  and  getting 
upon  the  back  of  the  ram,  they  were  carried  to  the  fca. 
T^'he  ram  plunged  In,  and  the  youth  was  carried  over  ; 
but  Helle  dropped  off,  and  was  drowned,  and  fo  gave 
name  to  the  Hellefpont,  When  he  arrived  in  Colchis, 
jEeta,  the  king,  received  him  kindly  ; and,  facriflciiig 
the  ram  to  Jupiter,  dedicated  the  fleece  to  the  god ; 
which  was  afterwards  carried  off  by  Jafon.  The  animal 
itfclf,  they  fay,  Jupiter  fnatched  up  into  the  heavens, 
and  made  of  it  the  eonflellation  Aries,  d'hey  have  other 
fables  alfo  to  account  for  its  origin.  But  it  is  moit 
probable  that  the  inventors  of  this  lign,  placed  It  there 
as  the  father  of  thofe  animals  which  are  brought  foitU 
about  the  time  the  fun  approaches  to  that  part  of  the 
heavens,  and  fo  marking  the  beginning  of  fpring. 

Aries  alio  denotes  a hattering  ram  ; being  a military 
engine  with  an  iron  head,  much  ufed  by  the  ancients, 
to  batter  and  beat  down  the  walls  of  places  beiieged. 
3te  Ram,  and  Bati  ering  ram. 

ARISTA  RCPIUS,  a celebrated  Greek  philofophcr 
and  aftrononrer,  and  a native  of  the  city  of  Samos;  but 
of  what  date  is  not  exactly  known;  it  muff  have  been 
however  before  the  time  of  Archimedes,  as  fame  parts 
of  his  writings  and  opinions  are  cited  bv  that  author, 
viz,  in  his  Arenarius;  he  probably  flourifhed  about  420 
years  before  Chrifl.  He  held  the  opinion  of  Pythagoras 
as  to  the  fyllenr  of  the  world,  but  whether  before  or 
after  liim,  is  uncertain,  teaching  that  the  fun  and  fl.ars 
Were  fixed  in  the  heavens,  and  that  the  eaith  moved  in 
a circle  about  the  fun,  at  the  fame  time  that  it  revolved 
about  its  own  centre  or  axis.  He  taught  alfo,  that  the 
annual  orbit  of  the  earth,  compared  with  the  diflance 
of  tiic  fixed  ftars,  is  but  as  a point.  On  this  head  Ar- 
chimedes 
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cliiraedes  fays,  Ariftarchus,  the  Samian,  confuting  the 
notions  of  allrologers,  laid  down  certain  portions,  from 
wlience  it  follows,  that  the  world  is  much  larger  than  is 
generally  imagined;  for  he  lays  it  down,  that  the  fixed 
liars  and  the  fun  are  immoveable  ; and  that  the  earth  is 
carried  round  the  iun  in  the  circumference  of  a circle.” 
On  which  account,  although  he  might  not  luffer  perfe- 
CLition  and  imprifonment  like  Galileo,  yet  he  did  not 
efcape  cenfure  for  his  fuppofed  impiety  ; for  it' is  faid 
Cleanthus  was  of  opinion,  that  Greece  ought  to  have 
tried  ArliLarchus  for  irreligion,  for  endeavouring  to 
preferve  the  regular  appearance  of  the  heavenly  bodies, 
by  fuppofing  that  the  lieavens  themfelves  Hood  Hill ; but 
that  the  earth  revolved  in  an  oblique  circle,  and  at  the 
fame  time  turned  round  its  own  axis. 

Ariftarchus  Invented  a peculiar  kind  of  fun-dials, 
mentioned  by  Vitruvius.  There  is  extant  of  his  works 
only  a treatiie  upon  the  magnitude  and  diftance  of  the 
fun  and  moon  : this  was  tranflated  into  Latin,'  and  com- 
mented upon  by  Commandine,  who  firll  publifiied  it 
with  Pappus’s  Explanations,  in  1572.  Dr.  Wallis  af- 
terwards publifiied  it  in  Greek,  with  Commandine’s 
Latin  verfion,  in  1688,  and  which  he  inferted  again  in 
the  3d  volume  of  his  Mathematical  Works,  printed  in 
folio  at  Oxford,  1699.  The  piece  was  animadverted 
upon  by  Mr.  Fofler,  in  his  Mifcellanles.  There  is  ano- 
ther piece  which  has  gone  under  the  name  of  Arlftar-^ 
chus,  of  the  Mundane  SyJIem,  its  parts,  and  motions, 
publifiied  in  Latin  by  Robervale,  and  by  Merfenne, 
in  his  Mathematical  Synopfis^  But  this  piece  Is  cenfured, 
by  Menagius  (in  Diog.  Laert.),  and  Defcartes,  in  his 
Epiftles,  as  a hclitious  piece  of  Robervale’s,  and  not 
the  genuine  work  of  Ariflarchus. 

lA  RISTOTELIAN,  fomething  that  relates  to  the 
phllofopher  Arijlotle.  Thus  we  fay,  an  Arijlotclian  dog- 
ma, the  Ar'JIotelian  fchool,  &c. 

Aristotelian  Philofophy^  the  philofophy  taught 
by  Arijlotle^  and  maintained  by  his  followers.  It  is 
otherwlfe  called  the  peripatetic  philofophy,  front  their 
practice  of  teaching  while  they  were  walking. —The 
-principles  of  Ariilotle’s  philofophy,  the  learned  agree, 
are  chiefly  laid  down  in  the  four  books  de  Cxlo.  Inflead 
of  the  more  ancient  fyfteins,  he  introduced  matter,  form^ 
and  privation,  as  the  principles  of  all  things  ; but  It  does 
not  feem  tliat  he  derived  much  benefit  from  them  in  na- 
tural philofophy.  And  his  dodtrines  are,  for  the  moil 
partjfo  obfeurely  exprefled,  that  It  has  not  yet  been  fatis- 
fadlorily  afcertalned,  what  were  his  fentiments  on  fome 
of  the  mofl:  Important  fubjedls.  He  attempted  to  refute 
the  Pythagorean  dodtrine  concerning  the  two-fold  mo- 
tion of  the  earth  ; and  pretended  to  demonftrate,  that 
the  matter  of  the  heavens  is  ufigenerated,  incorruptible, 
and  not  fubjedt  to  any  alteration  : and  he  fuppofed 
that  the  liars  were  carried  round  the  earth  in  folld 
orbs. 

ARISTOTELIANS,  a fea  of  philofophers,  fo 
called,  from  their  leader  Arijlotle,  and  are  otherwife 
called  Peripatetics,- — The  Arillotelians  and  their  dog- 
mata prevailed  for  a long  while,  in  the  fchools  and 
univerfities ; even  in  fpite  of  all  the  efforts  of  the  Car- 
tefians,  Newtonians,  and  other  corpufciilarians.  But 
the  fyfleras  of  the  latter  have  at  length  gained  the 
afcendency  ; and  the  Newtonian  philofophy  in  particu- 
lar is  now  very  generally  received. 


ARISTOTLE,  a Grecian  philofopher,  the  fon  of 
Nlcomachus,  phyfician  to  Amyntas  king  of  Macedonia, 
w'as  born  384  years  before  Chrift,  at  Stagira,  a town  of 
Macedonia,  or,  as  others  fay,  of  Thrace  ; from  which 
he  is  alfo  called  the  Stagirite.  Not  fucceeding  in  the 
profeflion  of  arms,  to  which  it  feems  he  firfl:  applied 
himfelf,  he  turned  his  views  to  philofophy,  and  at  17 
years  of  age  entered  himfelf  a difciple  of  Plato,  and* 
attended  in  the  academy  till  the  death  of  that  pHlofo- 
pher.  Ariftotlc  then  retired  to  Atarna,  where  the  prince 
Hermlas  gave  him  his  daughter  to  wife.  Repairing 
afterwards  to  the  court  of  king  Philip,  he  became  pre- 
ceptor to  his  fon,’  Alexander  the  Great,  whofe  education 
he  attended  for  the  fpace  of  8 years  ; and  by  the  mag- 
nificent encouragement  of  this  prince  he  was  afterwards 
enabled  to  procure  all  forts  of  animals,  from  the  in- 
fpedlion  of-  which  to  write  the  hiflory  of  them.  On 
his  quitting  Macedon,  he  fettled  at  Athens,  where  he 
eflablifhed  his  fchool,  having  the  Lyceum  afligned  him, 
by  the  magiftrates,  for  the  place  of  his  inllrudlion  or 
difputation  ; where  he  became  the  head  and  founder  of 
the  fedt  called  after  his  name,  as  alfu  Peripatetics,  from 
the  circumilance  of  his  giving  inftrudtions  while  walk- 
ing. But  being  here  accufed  of  impiety  by  Eurymedon, 
prieft  of  Ceres,  and  fearing  the  fate  of  Socrates,  he  re- 
tired to_  Chalcis,  where  he  died  at  63  years  of  age,  and 
322  years  before  Chrift.  Some  fay  that  he  polfoned 
himfelf,  others  that  he  died  of  a cholic,  and  others 
again  pretend  that  he  threw  himfelf  into  the  fea  for 
grief  that  he  could  not  difeover  the  caufe  of  the  flux 
and  reflux  of  the  waters,  Laertius,  in  his  life  of  Arl- 
llotle,  ellimates  his  books  at  the  number  of  4000  ; of 
which  however  fcarce  20  have  come  down  to  us : thefe 
may  be  comprifed  under  five  heads ; the  firft,  relating 
to  poetry  and  rhetoric  ; the  fecond,  to  logics ; the  third, 
to  ethics  and  politics;  the  fourth,  to  phyfics;  and  the 
fifth,  to  metaphyfics.  In  the  fchools,  Arlftotle  has  been 
called  the  philofopher,  and  the  prince  of  philofophers. 
And  fuch  was  the  veneration  paid  todiim,  that  his  opi- 
nion was  allowed  to  ftand  on  a level  with  reafon  itfelf : 
nor  was  any  appeal  from  it  admitted,  the  parties,  in 
every  difpute,  being  obliged  to  fltew,  that  their  coiiclu- 
fions  were  no  lefs  conformable  to  the  dodlrlne  of  Arifto- 
tle  than  10  truth. 

ARITHMETIC,  the  art  and  fclence  of  numbers  ; 
or,  that  part  of  mathematics  which  confiders  their 
powers  and  properties,  and  teaches  how  to  compute  or-, 
calculate  truly,  and  with  eafe  and  expedition.  It  is  by 
fome  authors  alfo  defined  the  fcience  of  diferete  quantity. 
Arithmetic  confifts  chiefly  in  the  four  principal  rules  or 
operations  of  Addition,  Subtradliou,  Multiplication, 
and  Divifion  ; to  which  may  perhaps  be  added  invo- 
lution and  evolution,  or  raifing  of  powers  and  extrac- 
tion of  roots.  But  befides  thefe,  for  the  facilitating  and 
expediting  of  computations,  mercantile,  aftronomical, 
&c,  many  other  ufeful  rules  have  been  contrived,  which 
are  applications  of  the  former,  fuch  as,  the  rules  of  pro- 
portion, progreffion,  alligation,  falfe  pofition,  fellow- 
fhip,  intereft,  barter,  rebate,  equation  of  payments,  re- 
dudlion,  tare  and  tret,  &c.  Befides  the  doilrine  of  the 
curious  and  abftradl  properties  of  numbers. 

Very  little  is  known  of  the  origin  and  invention  of 
arithmetic.  In  fadl  it  muft  have  commenced  with  man- 
kind, or  as  foon  as  they  began  to  hold  any  fort  of  com- 
merce 
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xnerce  togetlicr ; and  mull  have  undergone  continual 
improvements,  as  occafion  was  given  by  the  extenfion 
of  commerce,  and  by  the  difcovery  and  cultivation  of 
other  fciences.  It  is  therefore  very  probable  that  the 
art  has  been  greatly  indebied  to  the  Phoenicians  or  Ty- 
rians ; and  indeed  Proclus,  in  his  commentary  on  the 
firll  book  of  Euclid,  fays,  that  the  Phoenicians,,  by  rea- 
fon  of  their  traffic  and  commerce,  were  accounted  the 
firll  inventors  of  Arithmetic.  From  Afia  the  art  palled 
into  Egypt,  whither  it  was  carried  by  Abraham,  ac- 
cording to  the  opinion  of  Jofephus.  Here  It  was  greatly 
cultivated  and  improved;  inlomuch  that  a confiderable 
part  of  the  Egyptian  philofophy  and  theology  feems  to 
have  turned  altogether  upon  numbers.  Hence  thofii 
wonders  related  by  them  about  unity,  trinity,  with  the 
numbers  4,  7,  9,  <S:c.  In  effefl,  KIrcher,  in  his  Oedip. 
^gypt.  (hews,  that  the  Egyptians  explained  every 
thing  by  numbers  ; Pythagoras  himTelf  Hhrming,  that 
thenature  of  numbers  pervades  the  whole  univerfe  ; and 
that  the  knowledge  of  numbers  is  the  knowledge  of  the 
deity. 

From  Egypt  arithmetic  was  tranfmitted  to  the 
Greeks,  by  means  of  Pythagoras  and  other  travellers  ; 
amongll  whom  It  was  greatly  cultivated  and  improved, 
us  appears  by  the  writings  of  Euclid,  Archimedes,  and 
others  : with  thefe  improvements  it  palled  to  the  Ro- 
mans, and  from  them  it  has  delcended  to  us. 

The  nature  of  the  arithmetic  however  that  is  now  In 
life,  is  very  different  from  that  above  alluded  to  ; this 
art  having  undergone  a total  alteration  by  the  introduc- 
tion of  the  Arabic  notation,  about  800  years  fince,  into 
Europe:  fo  that  nothing  now  remains  of  ufe  from  the 
Greeks,  but  the  theory  and  abllrafr  properties  of  num- 
bers, which  have  no  dependence  on  the  peculiar  nature  of 
any  particular  fcalc  or  mode  of  notation.  That  ufed  by 
the  Hebrews,  Greeks,  and  Romans,  was  chlelly  by 
means  of  the  letters  ot  their  alphabets.  The  Greeks, 
particularly,  had  two  different  methods;  the  hill  of 
thefe  was  much  the  fame  with  the  Roman  notation, 
which  is  fufficlcntly  well  known,  being  Hill  In  common 
ufe  with  us,  to  denote  dates,  chapters  and  fefllons  of 
books,  &c.  Afterwards  they  had  a better  method,  In 
which  the  firll  nine  letters  of  cheir  alphabet  reprefented 
the  firll  numbers,  from  one  to  nine,  and  the  next  nine 
letters  reprefented  any  number  of  tens,  from  one  to  nine, 
that  is,  10,  20,  30,  See,  to  90.  Any  number  of  hun- 
dreds they  exprelled  by  other  letters,  fupplying  what 
they  wanted  with  fume  other  marks  or  charadlers:  and 
in  this  order  they  went  on,  ufing  the  fame  letters  again, 
with  fome  different  marks,  to  exprefs  thoufands,  tens  of 
thoufands,  hundreds  of  thonfands,  &c  : In  which  it 
IS  evident  that  they  approached  very  near  to  the  more 
perfect  decuple  Icale  of  progrtffion  ufed  by  the  Ara- 
bians, and  who  acknowledge  that  they  had  received  it 
from  the  Indians.  Archimedes  alfo  invented  another 
peculiar  fcale  and  notation  of  his  own,  which  he  em- 
ployed In  his  7\renarius,  to  compute  the  number  of  the 
lands.  In  the  2d  century  of  chrlfiianlty  lived  Cl.  Pto- 
lemy, who,  it  Is  luppofed,  invented  the  fexagefiinal  di- 
vifion  of  numbers,  with  its  peculiar  notation  and  ope- 
rations: a mode  of  computation  llill  uled  iu  allronomy 
&c,  for  the  fubdivifions  of  the  degrees  of  circles.  '^Fhofe 
notations  iiowever  were  ill  adapted  to  the  pradlical  ope- 
rations of  arithmetic;  and  hence  it  is  that  the  art  ad- 


vanced but  very  little  in  this  part ; for,  fetting  andc 
Euclid,  who  has  given  many  plain  and  uleful  properties 
of  numbers  In  his  Elements,  and  Archimedes,  in  his 
Arenarius,  they  moilly  conlill  In  dry"  and  tedious  dif- 
tinflions  and  divlfionsof  numbers;  as  appears  from  the 
treatifes  of  Nicomachus,  fuppofed  to  be  written  In  the 
3d  century  of  Rome,  and  publlfhed  at  Paris  In  1538  » 
as  alfo  that  of  Boethius,  written  at  Rome  In  the  6th 
century  of  Chrill.  A compendium  of  the  ancient 
arithmetic,  written  in  Greek,  by  Pfelliis,  in  the  9th 
century,  was  publifhed  in  Latin  by  Xylander,  In  1536, 
A fimilar  work  was  written  foon  after  in  Greek  by  Jo- 
docus  Willichius  ; and  a more  ample  work  of  the  fame 
kind  was  written  by  Jordanus,  In  the  year  1200,  and 
publiHred  with  a comment  by  Faber  Stapulenfis  ia 
1480. 

Since  the  introdiiclion  of  the  Indian  notation  into 
Europe,  about  the  10th  centiiiy,  arithmetic  has  greatly 
changed  its  form,  the  whole  algorithm,  or  pruclical  ope- 
rations with  numbers,  being  quite  altered,  as  the  nota- 
tion required ; and  the  authors  of  arithmetic  have 
gradually  become  mor-e  and  more  numerous.  This  me- 
thod was  brought  into  Spain  by  the  Moors  or  Saracens; 
whither  the  learned  men  from  all  parts  of  Europe  re- 
paired, to  learn  the  arts  and  fciences  of  them.  This, 
Hr.  Wallis  proves,  began  about  the  year  1000  ; par- 
ticularly that  a monk,  called  Gilbert,  afterwards  pope, 
by  the  name  of  Syivefler  H,  who  died  in  the  year  1 003, 
brought  this  art  from  Spain  into  France,  long  befoic 
the  date  of  his  death  : and  that  it  was  known  in  Bri- 
tain before  the  year  1 150,  where  it  was  brought  into 
common  ufe  before  1250,  as  appears  by  the  treatife  of 
arithmetic  of  Johannes  de  Sacro  Bofeo,  or  Halifax,  who 
died  about  1256.  Since  that  time,  the  principal  wri- 
ters on  this  art  have  been,  Barlaam,  Lucas  de  Burgo, 
Tonfiall,  Aveiitinus,  Purbach,  Cardan,  Scheubelius, 
Tartalia,  Faber,  Stifelius,  Recorde,  Ramus,  Mauro- 
lyciis,  Hemifehius,  Peletarius,  Stevinus,  Xylander,  Ker- 
fey,  Snellius,  Tacquet,  Clavius,  Metius,  Gemma  Fri- 
fius,  Buteo,  Urfinus,  Romanus,  Napier,  Ceulen, 
Wingate,  Kepler,  Briggs,  LHacq,  Ouglitred,  Criiger, 
Van  Schooten,  Wallis,  Dee,  Newton,  Morland,  Moore, 
Jeake,  Ward,  Hatton,  Malcolm,  &c,  &;c ; the  parti- 
cular Inventions  or  excellencies  of  whom,  will  be  no- 
ticed under  the  articles  of  the  feveral  fpecies  or  kinds 
of  arithmetic  here  following,  which  may  be  included 
under  thefe  heads,  viz,  theoreltcal,  pra3ica},  injlrumental^ 
logarithmical,  numerous,  fpeewus,  uinverjal^  common  %r 
decadal,  fraBional,  radical  or  of  fur ds,  decimal,  duodeci^ 
mal,  fexagefimal,  dpiamical  or  binary,  tctratlycal,  polili’- 
'cal,  &c. 

Theoretical  Arithmetic,  is  the  fcience  of  the  pro- 
perties, rtlations,  (See,  of  numbers,  abdradbedly  coniicier- 
ed  ; with  the  realoiis  and  .demonilratlons  of  the  feveral 
rules.  Sueh  is  that  conlaiiied  In  the  7th,  8tl),  and  9th 
books  of  Euclid’s  Elements ; the  Logijlics  of  Barlaam 
the  monk,  publidied  in  Latin  by  J.  Chambers,  in  1600  ; 
the  Samma  Arithrnetica  oi  Lucas  de  Burgo,  printed  I49i> 
who  gives  the  feveral  divifioiis  of  numbers  from  Nico- 
machus, and  tlieir  properties  from  Euclid,  with  the 
algorithm,  both  in  integers,  fractions,  extra6lion  of 
roots,  Sec  ; Malcolm’s  Ne-zo  Syjlan  of  Arithmetic,  theo- 
retical aodpraTical,  In  i 7 30,  in  which  the  fubjeck  is  very 
completely  treated,  in  all  its  branches,  &c. 
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Arithmetic,  is  the  art  or  pra£i:ice  of  num- 
bering or  computing ; that  is,  from  certain  numbers 
given,  to  find  others  w'hich  (hall  have  any  propofed  re- 
lation to  the  former.  As,  having  the  two  numbers  4 
and  6 given  ; to  find  their  fum,  which  is  10  ; or  their 
difference,  which  is  2;  or  their  produ6f,  24 ; or  their 
quotient,  or  a third  proportional  to  them,  wdiich 
is  9 ; &c. — Lucas  de  Burgo’s  works  contain  the  whole 
practice  of  arithmetic,  then  ufed,  as  well  as  the  theory. 
Tunfiall  gave  a neat  practical  treatife  of  Arithmetic  in 
1526;  as  did  Stifelius,  in  tS44>  both  on  the  pradlical 
and  other  parts.  Tartalea  gave  an  entire  body  of  prac- 
tical arithmetic,  which  was  printed  at  Venice  in  1556, 
confiding  of  two  parts  ; the  former,  the  application  of 
arithmetic  to  civil  iifes  ; the  latter,  the  grounds  of  Al- 
gebra. And  moft  of  the  authors  in  the  lift  before  enu- 
merated, joined  the  pradlice  of  arithmetic  with  the 
theory. 

Binary  or  Dyadic  Arithmetic,  is  that  in  which 
only  two  figures  are  ufed,  viz  i and  o.  See  Binary. 
-—Leibnitz  and  De  Lagny  both  invented  an  arithmetic 
of  this  fort,  about  the  fame  time  : and  Dangicourt,  in 
the  Mifcel.  B erol.  gives  a fpecimen  of  the  ufe  of  it  in 
arithmetical  progreffions ; where  he  (hews,  that  the 
laws  of  progreflion  may  be  more  eafily  difeovered  by  it, 
than  by  any  other  method  where  more  characters  are 
ufed. 

Common  or  Vulgar  Arithmetic,  is  that  which  is 
concerning  integers  and  vulgar  fradlions. 

Decimal  or  Decadal  AKiTHM'ETiCi  is  that  which  is 
performed  by  a feries  of  ten  characters  or  figures,  the 
progrelfion  being  ten-fold,  or  from  1 to  lo^s,  loo’s,  &c; 
which  includes  both  integers  and  decimal  fractions,  in 
ihe  common  fcale  of  numbers  ; and  the  characters  ufed 
are  the  ten  Arabic  or  Indian  figures  o,  i,  2,  3,  4,  5,  6, 
y,  8,  9.  This  method  of  arithmetic  was  not  known  to 
the  Greeks  and  Romans ; but  was  borrowed  from  the 
Moors  while  they  pofTeffed  a great  part  of  Spain,  and 
wTo  acknowledge  that  it  came  to  them  from  the  Indians. 
It  is  probable  that  this  method  took  its  origin  from  the 
ten  fingers  of  the  hands,  which  were  ufed  in  computa- 
tions before  arithmetic  was  brought  Into  an  art.  The 
Taltern  miffionarles  alfiire  us,  that  to  this  day  the  Indi- 
ans are  very  expert  at  computing  on  their  fingers,  with- 
out any  ufe  of  pen  and  ink.  And  it  Is  alferted,  that 
the  Peruvians,  w^ho  perform  all  computations  by  the 
different  arrangements  of  grains  of  maize  outdo  any 
European,  both  for  certainty  and  dlfpatch,  with  all  his 
rules. 

Duodecimal  Arithmetic,  is  that  which  proceeds 
from  ‘12  to  12,  or  by  a continual  fubdivifion  according 
to  12.  This  is  greatly  ufed  by  moft  artificers,  in  cal- 
culating the  quantity  of  their  work ; as  Bricklayers, 
Carpenters,  Painters,  Tilers,  &c. 

FraBional  Arithmetic,  or  of  fraBions,  is  that  which 
treats  of  fractions,  both  vulgar  and  decimal. 

Harmonical  Arithmetic,  Is  fo  much  of  the  doCtrine 
of  numbers,  as  relates  to  the  making  the  comparifons, 
reductions,  &c  of  mufical  Intervals. 

Arithmetic  Infinites,  is  the  method  of  fumming 
up  a feries  of  numbers,  of  which  the  numbers  of  terms 
is  infinite.  This  method  was  firll  invented  by  Dr.  Wal- 
lis, as  appears  by  his  treatife  on  that  fiibjeCt ; v/here 
he  Ihews  its  iifes  in  geometry,  in  finding  the  areas  of 
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fuperficlee,  the  contents  of  follds,  Src.  But  the  method 
of  fluxions,  which  is  a kind  of  univerfal  arithmetic  of 
infinites,  performs  all  tbefe  more  eafily  ; as  well  as  a 
great  many  other  things,,  which  the  former  will  not 
reach. 

Injlrumental  A^xTHUETiCy  is  that  in  which  the  com- 
mon rules  are  performed  by  inftruments,  or  fome  fort  of 
tangible  or  palpable  fubftanee.  Such  are  the  methods 
of  computing  by  the  ten  fingers  and  the  grains  of  maize, 
by  the  Eaft  Indians  and  Peruvians,  above-mentioned;  by 
the  Abacus  or  Shwanpan  of  the  Chinefe  ; the  feveral 
forts  of  fcales  and  Aiding  rulee  ; Napier’s  bones  or  rods  ^ 
the  arithmetical  machine  of  Pafeal,  and  others;  Sir  Sa- 
muel Morland’s  inllrumcnt,  deferibed  In  1666  ; that  of 
Leibnitz,  deferibed  in  the  Mifeell.  Berol.  ; that  of  Po- 
lenus,  publiftiedin  the  Venetian  Mifccllany,  1709  ; and 
that  of  Dr.  Saunderfon,  of  Cambridge,  deferibed  iir 
the  introduClion  to  his  algebra. 

Integral  Arithmetic,  qx  of  integer; ^ Is  that  w'liich 
refpeCls  Integers,  or  whole  numbers. 

Literal  or  Algebra  Arithmetic,  is  that  which  iV 
performed  by  letters,  which  reprefent  any  numbers  In- 
definitely. 

Logarithmical  Arithmetic  is  performed  by  the 
tables  of  logarithms.  Thefe  were  invented  by  baron 
Napier  ; and  the  beft  treatife  on  the  fubjeCf,  is  Briggs’s 
Arlthmetica  Logarlthmica,  1624. 

Logijlical  Arithmetic.  See  Logistical. 

Numerous  or  Numeral  Arithmetic,  is  that  which 
teaches  the  calculus  of  numbers,  or  of  abftrafl  quan- 
tities ; and  is  performed  by  the  common  numeral  ot 
Arabic  charadlers. 

Political  Arithmetic,Is  the  application  of  arithmetic 
to  political  fubjedts  ; fuch  as,  the  ftrength  a«d  revenues 
of  nations,  the  number  of  people,  births,  burials,  &c. 
See  Political  Arithmetic.  To  this  head  may  alfo  be 
referred  the  dodlrine  of  Chances,  Gaming,  &c. 

Arithmetic  of  Radicals y RationalSy  and  Irrationals i 
See  Radical,  &c. 

Sexagefimal or  Arithmetic,  is  that  which 

proceeds  by  fixties  ; or  the  doctrine  of  fexagefimal  frac- 
tions : a method  which,  it  is  fuppofed,  was  invented  by 
Ptolemy,  in  the  2d  century  ; at  leaft  they  w'ere  ui'ed  by 
him.  In  this  notation,  the  Integral  numbers  from  i to  39 
were  exprefled  in  the  common  way,  by  the  alphabetical 
letters  : then  fixty  was  called  a fexagena  primay  and 
marked  with  a dafli  to  the  charadler,  thusTG  twice 
fixty,  or  120,  thus  IP;  and  fo  on  to  39  times  60,  or 
3340,  which  is  LTXk  Again,  60  times  60,  or  3600, 
was  called  fexagena fecunday  and  marked  with  two  dallies, 
thus  y' ; twice  3600,  thus  ; and  ten  times  3600, 
thus  X'';  &c.  And  In  this  way  the  notation  was  con- 
tinued to  any  length.  But  when  a number  lefs  than 
fixty  was  to  be  joined  with  any  of  the  fexagefimal  in- 
tegers, their  proper  exprefiion  was  annexed  without  the 
dafh  : thus  4 times  60  and  23,  is  IV^'XXV  ; the  fum 
of  twice  60  and  10  times  3600  and  13,  is  X^'II'XV. 
So  near  did  the  inventor  of  this  method  approach  to 
the  Arabic  notation  : inftead  of  the  fexagefimal  progref- 
iion,  he  had  only  to  fubftitute  decimal ; and  to  make 
the  figns  of  numbers,  from  i to  9,  fimple  charadlers, 
and  to  introduce  another  charadler,  which  Ihould  fig- 
nify  nothing  by  itfelf,  but  ferving  only  to  fill  up  places. 
—The  fexagetii^  integrorum  were  foon  laid  afide,  in  or- 
dinary 
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dmary  calculations,  after  the  introduction  of  tlie  Arabic 
notation  ; but  the  fexagefimal  fraCtions  continued  till 
the  invention  of  decimals,  and  indeed  are  ftill  ufed  in  the 
fubdivifions  of  the  degrees  of  circular  arcs  and  angles. 

Sam.  Reyher  has  invented  a kind  of  fexagenal  rods, 
in  imitation  of  Napier’s  bones,  by  means  ot  which  the 
fexagefimal  arithmetic  is  eahly  performed. 

Sp^c^ous  Arithmetic,  is  that  which  gives  the  cal- 
culus of  quantities  as  defigned  by  the  letters  of  the 
alphabet  : a method  which  was  more  generally  intro- 
duced into  algebra,  by  Vieta  ; being  the  fame  as  literal 
arithmetic,  or  algebra. — Dr.  Wallis  has  joined  the  nu- 
meral with  the  literal  calculus  ; by  which  means  he  has 
demonftrated  the  rules  for  fraClions,  proportions,  ex- 
traction of  roots,  &c  ; of  which  a compendium  is  given 
bv  himfelf,  under  the  title  of  Elementa  Arithmetics, 
in  the  year  1698. 

Arithmetic,  is  that  in  which  the  opera- 
tions of  multiplication,  divifion,  &c,  are  performed  by 
means  of  tables  calculated  for  that  purpofe  : fuch  as 
thofe  of  Herwart,  in  1610  ; and  my  tables  of  powers 
and  produds,  publilhed  by  order  of  the  Commillioners 
of  Longitude,  in  1781. 

Tetratiic  Arithmetic,  is  that  in  which  only  the 
four  charadlers  o,  i,  2,  3 are  ufed.  A treatife  of  this 
kind  of  arithmetic  is  extant,  by'  Erhard  or  Echard 
Weigel.  But  both  this,  and  binary  arithmetic,  are  lit- 
tle better  than  curiofities,  efpecially  with  regard  to  prac- 
tice ; as  all  numbers  are  much  more  compendioufly  and 
conveniently  exprefled  by  the  common  decuple  fcale. 

Vulgar^  or  Conmon  Arithmetic,  is  tliat  wdiich  is 
converfant  about  integers  and  vulgar  fractions. 

Arithmetic,  is  the  name  given  by  New- 
ton to  the  fcience  of  algebra  ; of  wlilch  he  left  at  Cam- 
bridge an  excellent  treatife,  being  the  text-book  drawn 
up  for  the  ufe  of  his  leCfures,  while  he  was  profefTor  of 
^Mathematics  in  that  UniverfityA 

ARITHMETICAL,  fomething  relating  to  or  after 
the  manner  of  arithmetic. 

Arithmetical  Complement^  of  a logarithm,  Is  what 
the  logarithm  wants  of  ic’ococo  &c  ; and  the  ealiell: 
way  to  find  it  Is,  beginning  at  the  left  hand,  to  fubtracl 
every'  figure  from  9,  and  the  lad  from  10.  So,  the  aritli- 
metical  complement  of  8’250i396  Is  1*7498604. — It 
is  commonly  ufed  In  trigonometrical  calculations,  when 
the  firil  term  of  a proportion  is  not  radius  ; in  that 
cafe,  adding  all  together,  the  logarithms  of  the  3d,  2d, 
and  arithmetical  complement  of  the  id  term. 

Arithmetical  Irjlrumentsyor  Muchines,  are  Indru- 
ments  for  performing  arithmetical  computations  ; fuch 
as  Napier’s  bones,  fcales,  Aiding  rules,  Pafcal’s  ma- 
chine, &c. 

Arithmetical  Mean,  or  Medium,  Is  the  middle 
term  of  three  quantities  in  arithmetical  progreffion  ; and 
is  always  equal  to  half  the  fum  of  the  extremes.  So,  an 
arithmetical  mean  betw'een  3 and  7,  is  5 ; and  between 

a and  h.  Is  — i— , or  \a 
I 2 

Arithmetical  ProgreJJion,  is  a ferles  of  three  or 
more  quantities  that  have  all  the  fame  common  differ- 
ence : as  3,  5,  7,  &c,  which  have  the  common  difference 
2 ; and  <7,  + 4/,  <3  -p  2r/,  &c,  which  have  all  the  fame 

difference  d, 

VOL.I. 


In  an  arltlimetical  progreffion,  the  chief  properties 
are  thefe^;  id,  U he  fum  of  any  two  terms,  is  equal  to 
the  fum  of  every  other  two  that  are  taken  at  equal  dlf- 
tances  from  the  two  former,  and  equal  to  double  the  • 
middle  term  when  there  is  one  equally  didant  between 
thofe  two  : fo,  in  the  feries  o,  i,  2,  3,  4,  3,  6,  &c, 
o-|-6  = i+  5 — 2-f-  4 n;  twice  3 or  6. — 2d,  The  > 
fum  of  all  the  terms  of  any  arithmetical  progreffion,  is 
equal  to  the  fum  of  as  many  terms  of  which  each  is  the 
arithmetical  mean  between  the  extremes;  or  equal  to 
half  the  fum  of  the  extremes  multiplied  by  the  number 
of  terms:  fo,  the  fum  of  thefe  ten  terms  o,  1,2,  3,4, 

^ o • ® 9 1 • t • 

5,  6,  7,  8,  9,  IS X 10,  or  9X5,  which  is  45  : 

and  the  reafon  of  this  will  appear  by  inverting  tbc  terms; 
fetting  tliem  under  the  former  terms,  and  adding  each, 
tw'o  together,  wdilch  will  make  double  the  fame  feries  j 

thus  o,  I,  2,  3,  4,  5,'  6,  7,  8,  9,  • 

inverted  9,  8,  7,  6,  4,  3,  2,  i,  o, 

fuins  9,  9,  9,  9,  9,  9,  9,  9,  9 9 ; 

where  the  double  feries  being  the  fame  number  of  9’s, 
or  dim  of  the  extremes,  the  fingle  feries  mud  be  the  half 
of  that  fum. — 3d,  The  lad,  or  any'  term,  of  fuch  a 
feries,  is  equal  to  the  did  term,  with  the  prodiidl  added 
of  the  common  difference  multiplied  by  1 lefs  than  the 
number  of  terms,  when  the  feries  afeends  or  increafes  ; 
or  the  fame  produft  dibtrafted  when  the  feries  defeends 
or  decreafes  : fo,  of  the  feries  i,  2,  3,  4,  &c,  whofc 
common  difference  is  i,  the  5Qth  term  is  i -f-  i X 49* 
or  1+49,  that  Is  50;  and  of  the  feries  50,  49,  48, 
&c,  the  50th  term  Is  5c  — i x 49,  or  50  ~ 49,  which 
is  1.  Aid),  if  a denote  the  lead  term, 
s the  greated  term, 
d the  common  difference, 
n the  number  of  the  terms, 
and  s the  fum  of  them  all ; 

then  the  principal  properties  are  expreffed  by'  thefe 
equations,  viz, 

•z.  — a + — 1, 


— % — d — I , 


=.  a z . -£«, 


— 25  -“  Tj^d  , n — I • Tl, 


s — a "b  \d  • n — “ 1 . 71. 

Moreover,  when  the  fird  term  a.  Is  o or  nothing ; the 
theorems  become 


% — d .n  — I • 


and 


Arithmetical  Proportion,  is  when  the  difference 
between  two  terms,  is  equal  to  the  difference  between 
other  two  terms.  So,  the  four  terms,  2,  4,  10,  12,  are. 
in  arlthmefical  proportion,  becaufe  the  difference  be- 
tween 2 and  4,  which  is  2,  is  equal  to  the  difference 
between  10  and  12.— The  principal  property,  befides 
the  above,  and  which  Indeed  depends  upon  It,  Is  this, 
that  the  dim  of  the  fird  and  lad,  is  equal  to  the  dim  of 
tlie  two  means  : (o  2 or  the  dim  of  2 and  12,  13 

equal  4 4-  10,  or  the  dun  of  4 and  10,  which  is  14. 

U Arith- 
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Ar  ITH METICAL  Ratio,  is  the  fame  as  tlie  difference 
of  any  two  terms  : io,  the  arithmetical  ratio  of  the 
feries  2,  4,  6,  8,  is  2 ; and  the  arithmetical  ratio  of  a 
and  h,  is  a — b. 

Arit  H METICAL  Scales,  a name  given  by  M.  de 
Buffon,  in  the  Memoirs  of  the  Jcad.  for  174',  to  differ- 
ent progrefTions  of  numbers,  according  to  which,  arith- 
metical computations  might  be  made.  It  has  already 
been  remarked  above,  that  our  common  decuple  fcale 
of  numbers  was  probably  derived  from  the  number  of 
lingers  on  the  two  hands,  by  means  of  which  tlie  earllell 
and  moft  natural  mode  of  computation  was  performed; 
and  that  other  fcales  of  numbers,  formed  in  a fnillar 
way,  but  of  a different  number  of  charafters,  have  been 
devifed  ; fiich  as  the  binary  and  tetraftic  fcales  of  arith- 
metic. In  the  memoir  above  cited,  Buffon  gives  a 
Ihort  and  fimple  method  to  find,  at  once,  the  manner  of 
writing  down  a number  given  in  any  fcale  of  numbers 
whatever  ; with  remarks  on  different  fcales.  The  ge- 
»Tieral  effedl  of  any  number  of  characters,  different  from 
ten,  isjiCthat  by  a fmaller  number  of  oharadfers,  any 
given  number  would  require  more  places  of  fgures  to 
exprefs  or  x^enote  it  by,  but  then  arithmetical  calcula- 
tions, by  muk-iiffication  and  divifion,  would  be  eaficr, 
as  the  fmail  numbers  2,  3,  4,  &c,  are  eafier  to  life  than 
the  larger  7,  8,  9 ; and  by  employing  more  than  ten 
eharaClers,  although  any  given  number  would  be  ex- 
preffed  by  fewer  of  them,  yet  the  calculations  in  arith- 
metic would  be  more  difficult,  as  by  the  larger  numbers 
II,  12,  13,  &c.  It  is  therefore  concluded,  upon  the 
whole,  that  the  ordinary  decuple  fcale  is  a good  con- 
venient medium  amongft  them  all,  the  numbers  expreffed 
b^ing  tolerably  ffiort  and  compendious,  and  no  fingle 
character  reprefenting  too  large  a number.  The  fame 
might  alfo  be  faid,  and  perhaps  more,  of  a duodecimal 
fcale,  by  twelve  characters,  which  would  exprefs  all 
numbers  in  a more  compendious  w^ay  than  the  decuple 
one,  and  yet  no  fugle  character  would  reprefent  a 
number  too  large  to  compute  by ; as  is  confirmed 
by  the  now  common  praCtice  of  extending  the 
multiplication  table,  in  fchool  books,  to  12  numbers 
or  dimenfions,  each  way,  inftead  of  10;  and  every 
perfon  is  taught,  with  fufficient  cafe,  to  multiply 
and  divide  by  j f and  1 2 as  eafily  as  by  8 or  9 or  10. 
Another  convenience  might  be  added,  namely,  thattlie 
number  1 2 admitting  of  more  fubmukiples  than  the 
number  10,  there  would  be  fewer  expreffions  of  inter- 
minate  fractions  in  that  way  than  in  decimals.  So  that 
on  all  accounts,  it  is  very  probable  that  the  duodecimal 
would  be  the  bed  of  any  fcale  of  numbers  whatever. 

Arithmetical  Triangle,  See  Arithmetical  Tri- 
angle. 

ARMED.  A magnet  or  loadftone  is  faid  to  be  armed, 
when  it  is  capped,  cafed,  or  fet  in  iron  or  fieel ; to 
make  it  take  up  a greater  weight ; and  alfo  readily  to 
dillinguiffi  Its  poles. 

It  is  furprifing,  that  a little  iron  faftened  to  the  poles 
of  a magnet,  fiiould  fo  greatly  improve  its  power,  as 
to  make  it  even  130  times  ffronger,  or  more,  than  it 
' is  naturally,  or  when  unarmed.  The  effect  however, 
It  feems,  is  not  uniform  ; but  that  fome  magnets,  by 
arming,  gain  much  more,  and  others  much  lefs,^  than 
one  would  expeCt ; and  that  fome  magnets  even  lofe 
f^me  of  their  efficacy  by  armii>^.  In  general^  however^ 


the  tbicknefs  of  the  iron  armour  ought  to  be  nearly  pro- 
portioned to  the  natural  firength  of  the  magnet ; giving 
thick  Irons  to  a llrong  magnet,  and  to  the  weaker  ones 
thinner  : fo  that  a magnet  may  eafily  be  over-loaded. 

The  ufual  armour  of  a load-itone,  in  form  of  a right- 
angled  pavallelopipedon,  confifis  of  two  thin  pieces  of 
iron  or  fieel,  of  a fquare  figure,  and  of  a tbicknefs  pro- 
portioned to  the  goodnefs  of  the  done;  the  proper  thlck- 
nel’s  being  found  by  trials;  always  filing  it  thinner  and 
thinner,  till  the  effeCl  be  found  to  be  the  greateft  pof- 
fible. — The  armour  of  a fpherical  luad-fionc,  confifis  of 
two  fieel  fneils,  fafiened  together  by  a joint,  and  covering 
a good  part  of  the  convexity  of  the  done.  This  alfo  is  to 
be  filed  away,  till  the  effeCt  is  found  to  be  the  greateft. 

Kircher,  in  liis  book  de  Magnete,  fays,  that  the 
bed  way  to  arm  a load-fionc,  is  to  drill  a hole 
through  the  done,  from  pole  40  pole,  in  which  is 
to  be  placed  a fteel  rod  of  a moderate  length  ; this 
rod,  he  affert?,  will  take  up  more  weight  at  the  end,^ 
than  the  done  kfelf  when  armed  In  the  common  way. 
And  Gaffendus  and  Cabseus  prefcribe  the  fame  method 
of  arming.  But  Mufehenbroek  found,  by  repented 
trials,  that  the  ufual  armour  already  mentioned,  is  pre- 
ferable to  Kircher*s  ; and  he  gives  the  following 'direc- 
tions for  preparing  it.  When,  by  means  of  deel  filings 
and  a fmail  needle,  the  poles  of  a magnet  have  been  dif- 
covered,  he  direCts  that  the  adjacent  parts  fhould  be 
rubbed  or  ground  into  parallel  planes,  without  fliorten- 
ing  the  polar  axis ; and  the  magnet  m.ay  be  afterwards- 
ffiaped  into  the  figure  of  a cube  or  parallelopipedon,  or 
any  other  figure  that  may  be  more  convenient.  Plates 
of  the  fofteft  iron  are  then  prepared,  of  the  fame  length 
and  breadth  with  the  whole  polar  Tides  of  the  magnet; 
the  tbicknefs  of  which  plates,  fo  as  that  they  may  ad- 
mit and  convey  the  greateft  quantity  of  the  magnetic 
virtue,  is  to  be  previoufiy  determined  by  experiment, 
in  a manner  which  he  prefciibes  for  the  purpofe.  A 
thicker  piece  of  iron  Is  to  be  annexed  at  right  angles 
to  thefe  plates,  which  is  called  pes  armatura,  the  foot 
or  bafe'of  the  armour  : then  the  plates,  nicely  fmoothed- 
and  poliflied,  are  to  be  firmly  attached  to  each  of  the 
polar  fides,  whilft  the  thicker  part  or  bafe  is  brought 
into  clofe  contact  with  the  lower  part  of  the  magnet. 
In  this  way,  he  fays,  almod  all  the  magnetic  virtue  if- 
fuingfrom  the  poles,  enters  into  the  armour,  is  diredled' 
to  the  bafe,  and  condenfed  by  means  of  its  roundnefs, 
fo  as  to  fudain  the  greateft  weight  of  iron.  Fhyf.  Exper» 
and  Geom.  Diflert.  1729,  pa.  131. 

ARMILLARY  Sphere,  a name  given  to  the  arti- 
ficial fphere,  compoled  of  a number  of  circles  of  metal,- 
wood,  or  paper,  which  reprefent  the  ieveral  circles  of 
the  fydem  of  the  world,  put  together  in  their  natural 
order.  It  ferves  to  affift  the  imagination-  to  conceive 
the  difpofition  of  the  heavens,  and  the' motion,  of  the 
celeftial  bodies. 

This  fphere  is  reprefented  at  Plate  II,  Ffg,  6,  where 
P and  Q_reprefent  the  poles  of  the  world,  AD  the 
equator,  EL  the  ecliptic  and  zodiac,  PAGD  the  me- 
ridian, or  the  folflitial  colure,  T the  earth,.  FG  the 
tropic  of  cancer,  HT  the  tropic  of  capricorn,  MN 
the  ardlic  circle,  OV  the  antartiic,  N and  O the  pole& 
of  the  ecliptic,  and  RS  the  horizon. 

The  Armillary  fphere  confiruTed  not  long  fince  by 
Dr.  Long,  in  Pembroke-hall,  Cambridge,  is  18  feet  in 

diameter  j 
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diameter;  and  will  contain  more  than  ^^0  perfons  fitting 
within  it,  to  view,  as  from  a centre,  the  reprefentation 
of  the  celeftial  fpheres.  The  lower  part  of  the  fphere, 
which  is  not  vifible  to  England,  is  cut  off;  and  the  whole 
anparatiis  is  fo  contrived,  that  it  may  be  turned  round 
with  as  little  labour  as  is  employed  to  wind  up  a com- 
mon jack. 

See  alfo  Mr.  Fergufon’s  fphere  in  his  Ledlures, 
p.  194. 

Armillary  Trigonometer,  an  infiriiment  firfl  con- 
trived by  Mr.  Mungo  Murray,  and  improved  by  Mr. 
Fergnfon,  confiding  of  five  femicircles  ; viz,  meridian, 
vertical  circle,  horizon,  hour  circle,  and  equator;  fo 
adapted  to  each  other  by  joints  and  hinges,  and  fo  di- 
vided and  graduated,  as  to  ferve  for  expeditioufly  re- 
ffiving  many  problems  in  afironomy,  dialling,  and  fphe- 
rical  trigonometry.  The  drawing,  defeription,  and 
method  of  tiling  it,  may  be  feen  in  Fergufon^s  Tradts, 
pa.  80,  &c. 

ARTIFICIAL  Numbers,  Sines,  Tangents,  &c,  are 
the  fame  as  the  Logarithms  of  the  natural  numbers, 
fines,  tangents,  &c. 

ARTILLERY,  the  heavy  equipage  of  war;  com- 
prehending all  forts  of  large  fire-arms,  with  their  ap- 
purtenances ; as  cannon,  mortars,  howitzers,  balls,  fhells, 
petards,  mufqnets,  carbines,  &c  ; being  what  is  other- 
wife  called  Ordnance^  The  term  is  alfo  applied  to  the 
larger  inflruments  of  war  ufed  by  the  ancients,  as  the 
catapult,  balifia,  battering  ram,  Slc. 

The  term  Artillery,  or  Royal  Artillery,  is  alfo  applied 
to  the  perfons  employed  in  that  fervice  ; and  llkewife  to 
the  art  or  fcience  itlelf ; and  formerly  it  was  ufed  for 
what  is  otherwife  pyrotechniay  or  the  art^of  fire- 

works, with  the  apparatus  and  inflruments  belonging 
to  the  fame. 

There  have  been  many  authors  on  tlie  fubjedl  of  ar- 
tillen’  ; the  principal  of  which  are,  Bucherlus,  Brauni- 
us,  Tartaiea,  Collado,  Sardi,  Ufano,  Hanzelet,  Digges, 
Moretti,  Slmienowltz,  Mieth,  d’Avelour,  Maneffon, 
Mallet,  St.  Julien;  and  the  later  autliors,  of  flill  more 
confequence,  are  Belldor,  St.  Remy,  le  Blond,  Valiere, 
Morogue,  Puget,  Coudray,  Kobins,  Muller,  Euler, 
Antoni,  Tignola,  Schcele;  to  which  may  be  added  the 
extenfive  and  accurate  experiments  publifiied  in  my 
ill  vol.  of  Tiadls,  and  in  the  Phllof.  Tranl.  for  1778. 

Pork  of  Artillery,  is  that  place  in  a camp  which 
is  fet  apart  for  the  Artillery,  or  large  fire  arms. 

Trade  or  Train  of  Artillery,  a number  of  pieces 
of  ordnance,  mounted  on  carriages,  with  all  tlieir  fur- 
niture fit  for  marching.  To  this  commonly  belong 
mortars,  cannon,  balls,  fiiells,  dec. —There  are  trains 
of  Artillery  in  mod  of  the  royal  magazines  ; as  in  the 
Tower,  at  Portfmouth,  Plymouth,  &c,  but,  above  all, 
at  Woolwich,  from  wh'^nce  the  flrips  commonly  receive 
their  ordnance,  and  where  they  are  all  completely  proved 
before  they  are  received  into  the  public  fervice. 

The  officeis  and  men  of  the  artillery  were  formerly 
cdled  alfo  the  Train  of  Artillery,  but  are  now  called  the 
Royal  Regiment  of  Artillery  ; conli fling  at  prefent  of 
four  battalions,  befides  a battalion  of  invalids,  and 
four  troops  of  Horfe  or  Cavalry  Artillery. 

ASCFNDANT,  in  AJlrolugy,  denotes  the  horo- 
fcope  ; or  the  degree  of  the  ecliptic  which  riles  upon  the 
horizon,  ai  the  time  of  the  birth  of  any  one. — This, 


it  is  fnppofed,  has  an  influence  on  the  perfon’s  life  and 
fortune,  by  giving  him  a bent  and  propenfity  to  one 
thing  more  than  other. — In  the  fcience  of  Aflrology, 
this  is  called  the  firfl;  houfc,  the  Oriental  angle,  or 
angle  of  the  Eaft,  and  the  fignificator  of  life : and  the 
aflrologcr  fays,  fuch  a planet  ruled  in  his  Afcendant,  or 
Jupiter  was  in  his  Afcendant,  &c. 

ASCENDING,  in  Afironomy,  a term  ufed  to  de- 
note any  flar,  or  degree,  or  other  point  of  the  heavens, 
rifing  above  the  horizon. 

Ascending  Latitude,  is  the  latitude  of  a planet 
when  gmng  towards  the  north. 

Ascending  Node,  is  that  point  of  a planet’s  orbit 
wdrere  it  crofl'es  the  ecliptic,  in  proceeding  north waid. 
It  is  otherwife  called  the  Northern  Node,  and  is  de- 
noted by  this  characler  SI,  reprefen  ting  a node,  or 
knot,  with  the  larger  part  upwards  ; like  as  the  fame 
charafler  reverfed  is  ufed  to  denote  the  oppofitc,  or 
Defcending  Node. 

Ascending  Signs,  arc  fiich  as  are  upon  their  afeent, 
or  rile,  from  the  nadir  or  loweft  point  of  the  heavens^ 
towards  the  zenith,  or  liighefl  point. 

Ascension-Day,  otherwife  called  Holy  Thurfday, 
is  a feftiviJ  of  the  church,  held  10  days  befoi'c  Whit- 
fnnday,  In  memory  of  our  Saviour’s  Afeenfion. 

ascension,  in  Aflronomy,  is  either  Right  or 
Oblique. 

Right  Ascension  of  the  fun,  or  of  a flar,  is  that 
degree  of  the  equino6lial,  accounted  from  the  beginning 
of  Aries,  which  rifes  with  them,  in  a right  fphere.-— 
Or,  Right  Afeenfion,  is  tiiat  point  of  the  equinoCtiaU 
counted  as  before,  which  comes  to  the  meridian  with 
the  fun  or  flar,  or  other  point  of  the  heavens.  And 
the  reafon  of  thus  refeiring  it  to  the  meridian,  is,  bc- 
CAufe  this  is  always  at  right  angles  to  the  cquinoClial ; 
whereas  the  horizon  is  fo  only  in  a right  or  cllredl: 
fphere. — The  right  afeenfion,  Hands  oppofed  to  the 
right  defcenlion  ; and  is  limilar  to  the  longitude  of 
places  on  the  earth.  All  the  fixed  flars,  &C,  which 
liave  the  fame  liglit-afcenfion,  that  is,  which  are  at  the 
fame  diftance  from  tlie  fiill  point  of  Aries,  or,  which 
comes  to  the  fame  thing,  wliich  arc  in  the  fame  meri- 
dian, rife  at  the  fame  time  in  a right  fphere,  namely 
to  the  peoj)le  who  live  at  the  equator.  A.nd  If  they 
be  not  in  the  fame  meridian,  the  difterenee  between 
tlieir  times  of  rlfmg,  or  of  coming  to  the  meridian  of 
any  place.  Is  the  precife  difference  of  their  right  af- 
eenfion.— But,  in  an  oblique  fphere,  where  the  horizon 
cuts  all  the  meridians  obliquely,  different  points  of  tlie 
fame  meridian  never  rife  or  fet  together:  fo  that  two  or 
more  flars  on  the  fame  meridian,  or  having  the  fame 
right  alcenfion,  never  rile  or  fet  at  the  fame  time  in  an 
oblique  fphere;  and  the  more  oblique  the  fphere  is,  the 
greater  is  the  Interval  of  time  between  them. 

To  find  tlie  right  afeenfion  of  the  fiin,  flars.  See, 
by  Trigonometry,  fay.  As  radius  is  to  the  coline  of  the 
fun’s  greatcll  declination,  or  obliquity  of  the  ecliptic, 
fo  is  the  tangent  of  the  fun’s  or  flar’s  longitude,  to  the 
tangent  of  the  right  alcenlinn. 

Right  A s c e n s i o n 0/ the  Mid-heaven,  often  ufed  bv 
ailronomers,  efpecially  In  calculating  eclipfes  bv  means 
of  the  nonagcfimal  degree,  is  the  right  afeenfion  of  that 
paint  of  the  equator  wliich  is  in  the  meridian  ; and  it 
IS  equal  to  the  fum  of  the  fan’s  right  afeenfion  and 
U 2 tli« 
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the  Korary  angle  or  true  time  reduced  to  degrees,  or  to 
the  fum  of  the  mean  longitude  and  mean  time. 

Ascension,  is  an  arch  of  the  equator  inter- 
cepted between  the  firft  point  of  Aries,  and  that  point 
of  the  equator  which  rifes  together  with  the  ftar,  &c,  in 
an  oblique  iphere. — The  Oblique  Afcenfion  is  counted 
from  well  to  call ; and  is  greater  or  lefs,  according  to  the 
various  obliquity  of  the  fpliere. — To  find  the  Oblique 
Alcenfion  of  the  fun,  fee  Ascensional  and  Globe. 

The  Arch  of  Oblique  Afcenfion,  is  an  arch  of  the  horl- 
2on  intercepted  between  the  beginningof  Aries,  and  the 
pointsof  the  equator  which  rifes  with  a liar  or  planet,  in  an 
oblique  fphere;  and  It  varies  with  thelatitudeof  the  place. 

Refraclion  of  Ascension  and  Defeenfon,  See  Re- 
fraction. 

ASCENSIONAL  Difference,  is  the  difference 
between  the  right  and  oblique  afcenfion  of  the  fame 
point  on  the  furface  of  the  fphere.  Or  it  is  the  time 
the  fun  rifes  or  fets  before  or  after  6 o’clock. 

To  find  the  Afcenfional  Difference,  having  given 
the  fun’s  declination  and  the  latitude  of  the  place,  fay, 
As  radius  is  to  the  tangent  of  the  latitude,  fo  Is  the 
tangent  of  the  fun’s  declination  to  the  fine  of  the 
Afcenfional  Difference  fought.  The  fun’s  Afcenfional 
Difference  converted  into  time,  fhews  how  much  he  rifes 
before,  or  fets  after,  6 o’clock.  When  the  fun  has  north 
declination,  the  right  afcenfion  is  greater  than  the  ob- 
liqiie  ; but  the  contrary,  when  the  fun  has  fouth  de- 
clination ; and  the  difference,  In  either  cafe,  Is  the 
Afcenfional  Difference. 

ASCENT,  the  motion  of  a body  from  below  tend- 
ing  upwards ; or  the  continual  recefs  of  a body  from 
the  earth,  or  from  fome  other  centre  of  force.  And 
it  Is  oppofed  to  defeent,  or  motion  dowmwards. 

The  Peripatetics  attributed  the  fpontaneous  afeent  of 
bodi  es  to  a principle  of  levity,  inherent  In  them.  But 
the  moderns  deny  that  there  is  any  fuch  thing  as  fpon- 
taneous levity ; and  they  fliew,  that  whatever  afeends, 
does  fo  by  virtue  of  feme  external  Impulfe  or  extrufion. 
Thus  it  is  that  finoke,  and  other  rare  bodies,  alcend  In 
the  atmofphere  ; and  oil,  light  wmods,  &c,  In  w^ater : 
not  by  any  inherent  principle  of  levity  ; but  by  the 
fuperior  gravity,  or  tendency  dowmw^ards  of  die  medium 
ill  which  they  afeend  and  float. 

The  afeent  of  light  bodies  In  heavy  mediums,  is  pro- 
duced after  the  fame  manner  as  the  alcent  of  the  lighter 
fcale  of  a balance.  It  is  not  that  fuch  fcale  has  an 
internal  principle,  by  which  it  Immediately  tends  up- 
wards; but  it  is  impelled  upw^ards  by  thepreponderaiicy 
of  the  other  fcale  ; the  excefs  of  the  weight  in  the  one 
having  the  fame  effedl,  by  augmenting  its  impetus 
downwards,  as  fo  much  real  levity  in  the  other:  be- 
caufe  the  tendencies  mutually  oppofe  each  other,  and 
adlion  and  readllon  are  ahyays  equal. — See  this  farther 
illuftrated  under  the  articles  Fluid,  and  Specific 
Gravity, 

Ascent  of  Bodies  on  JncTined  Planes,  See  the  doc- 
trine and  laws  of  them  under  Inclined  Plane. 

Ascent  of  Fluids,  is  particularly  underftood  of 
their  riflng  above  their  owm  level,  between  the  furfaces 
of  nearly  contiguous  bodies,  or  In  flendcr  capillary  glafs 
tubes,  or  In  veffels  filled  wdth  fand,  allies,  or  the  like 
porous  fubftances.  Which  is  an  effedl  that  takes  place 
as  well  in  lacuoy  as  in  the  open  air,  and  in  crooked, 


as  well  as  flralght  tubes.  Indeed  fome  fluids  afeeqe! 
fwifter  than  others,  as  fpirit  of  wune,  and  oil  of  tur- 
pentine ; and  fome  rife  after  a different  manner  from 
others.  The  phenomenon,  wfitli  its  caufes,  &c,  in  the 
inftance  of  capillary  tubes,  will  be  treated  more  at  large  - 
under  Capillary  ^ ube. 

As  to  planes  : Two  frnootb  poliflied  plates  of  glafs^ 
metal,  ftone,  or  other  rnatter,  being  placed  almoff  con- 
tiguous, have  the  effe6l  of  feveral  capillary  tubes,  and  the 
fluid  rifes  in  them  accordingly  : the  like  maybe  fald  of 
a veflel  filled  with  fand,  &c  ; the  various  fmali  interftices 
of  which  form,  as  it  were,  a kind  of  capillary  tubes. 
So  that  the  fame  principle  accounts  for  the  appearance 
in  them  all.  And  to  the  fame  caufe  may  probably  be 
aferibed  the  afeent  of  the  fap  in  vegetables.  And  on 
this  fubjciff  Sir  I.  Newton  fays,  “ If  a large  pipe  of 
glafs  be  filled  with  fiited  allies,  well  prefi'ed  together, 
and  one  end  dipped  into  ftagnant  water,  the  fluid 
will  afeend  flowly  in  the  afhes,  fo  as  in  the  fpace  of  a 
week  or  fortnight,  to  reach  the  height  of  30  or  40 
inches  above  the  ftagnant  water.  This  afeent  is  wholly 
owing  to  the  aeffion  of  thofe  particles  of  the  afhes  which 
are  upon  the  furface  of  the  elevated  water  ; thofe  within 
the  water  attradling  as  much  downwards  as  upwards  : 
it  follows,  that  the  adtion  of  fuch  particles  Is  very  ftrongj 
though  being  lefs  denfe  and  clofe  than  thofe  of  glafs, 
their  adlion  is  not  equal  to  that  of  glafs,  which  kedps 
quickfilver  fufpended  to  the  height  of  60  or  70  Inches, 
and  therefore  adls  with  a force  which  would  keep  wa- 
ter fufpended  to  the  height  of  above  60  feet.  By  the 
fame  principle,  a fpunge  fucks  in  water,  and  the  glands 
in  the  bodies  of  animals,  according  to  their  feveral  na- 
tures and  difpofitions,  imbibe  various  juices  from  the 
blood.”  Optics,  pa.  367. 

Again,  if  a drop  of  water,  oil,  or  other  fluid,  be 
dropped  upon  a glafs  plane,  perpendicular  to  the  ho- 
rizon, fo  as  to  Hand  without  breaking,  or  running  offj 
and  another  plane  touching  It  at 'one  end,  be  gradually 
inclined  towards  the  former,  till  it  touch  the  drop  ; then 
will  the  drop  break  and  move  along  towards  the  touch- 
ing end  of  the  planes ; and  it  will  move  the  fafter  in 
proportion  as  it  proceeds  farther,  becaufe  the  dlilance 
between  the  planes  is  conflantly  diminifliing.  And  af- 
ter the  fame  manner,  the  drop  may  be  brought  to  any 
part  of  the  planes,  either  upward  or  downward,  or  fide- 
ways,  by  altering  the  angle  of  inclination. 

Laflly,  if  the  fame  perpendicular  planes  be  fo  placed, 
as  that  two  of  their  fides  meet,  and  form  a fmall  angle, 
the  other  two  being  only  kept  apart  by  the  interpofition 
of  fome  thin  body ; and  thus  immerged  in  a fluid,  tinged 
with  fom.e  colour  to  render  It  viflble ; the  fluid  will 
afeend  between  the  planes,  and  that  the  higbefl  where 
the  planes  are  neai  ell ; fo  as  to  form  a curve  line  which 
is  found  to  be  a true  hyperbola,  of  which  one  of  the 
afymptotes  is  the  line  of  the  fluid,  the  other  being  a 
line  drawn  along  the  touching  fides. 

And  the  phyfical  caufe  of  all  thefe  phenomena,  is  the 
fame  power  of  attraction. 

Ascent  of  Vapour,  See  Cloud  and  Vapour. 

Ascent,  in  Affronomy,  &c.  See  Ascension. 

Ascii,  are  thole  Inhabitants  of  the  globe,  who,  at 
certain  times  of  the  year,  have  no  fliadow.  Such  arc  the 
inhabitants  of  the  torrid  zone,  v/ho  twice  a year  having 
the  fun  at  noon  in  their  zenith,  have  then  no  fliadow. 
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ASELLI,  two  fixed  (liars  of  the  fourth  magnitude, 
In  the  conftellation  Cancer. 

ASH- Wednesday,  the  firft  day  of  Lent,  fuppofed 
to  have  been  fo  called  from  a cuftom  in  the  church,  of 
fprinkling  alhes  that  day  on  the  heads  of  penitents  then 
admitted  to  penance. 

ASPECT,  is  the  fituation  of  the  (liars  and  planets  in 
refpedl  of  each  other.  Or,  in  Ailrology,  it  denotes  a 
certain  configuration  and  mutual  relation  between  the 
planets,  arifing  from  their  fituations  in  the  zodiac,  by 
which  it  is  fuppofed  that  their  powers  are  mutually  either 
increafed  or  diminifiicd,  as  they  happen  to  agree  or  dif- 
agree  in  their  adlive  or  pafiive  qualities.  Though  fuch 
configurations  may  be  varied  and  combined  a thoufand 
ways,  yet  only  a few  of  them  are  confidered.  Hence, 
Wolfius  more  accurately  defines  afpe6l  to  be,  the  meet- 
ing of  luminous  rays  emitted  from  two  planets  to  the 
earth,  either  pofited  in  the  fame  right  line,  or  including 
an  angle  which  is  an  aliquot  part,  or  fome  number  of 
aliquot  parts,  of  four  right  angles,  or  of  360  degrees. 

The  dodfrine  of  afpedbs  was  Introduced  by  the  aftro- 
logers,  as  the  foundation  of  their  predidfions.  And 
hence  Kepler  defines  afpedf  to  be,  an  angle  formed  by 
the  rays  of  two  planets  meeting  on  the  earth,  capable  of 
exciting  fome  natural  power  or  influence. 

The  ancients  reckoned  five  afpedls,  viz,  conjunBion^ 
fextiUj  quart  He  j trine  ^ and  oppojition, 

ConjunBion  is  denoted  by  this  charadfer  cf,  and  is 
when  the  planets  are  in  the  fame  fign  and  degree,  or 
have  the  fame  lonc-itude. 

O 

Sextile  is  denoted  by  , and  is  when  the  planetg 
are  diftant  by  the  6th  part  of  a circle,  or  z figns,  or 
60  degrees. 

is  denoted  by  □,  and  is  when  the  planets 
are  difiant  * of  the  circle,  or  90  degrees,  or  3 figns. 

Trine  is  denoted  by  A > and  is  when  the  planets  are 
diftant  by  | of  the  circle,  or  4 figns,  or  120  degrees. 
And 

Oppojition  is  denoted  by  ^ , and  is  when  the  planets 
arc  in  oppofite  points  of  the  circle,  or  differ  by  \ the 
circle,  or  6 figns,  or  180  degrees  of  longitude. 

Or  their  charadlers  and  diftances  are  as  in  this  fol- 
lowing tablet. 


NAME 

Conjund:ion 
Sextile 
Quart  He 
Trine 
Oppofition 


CHARACTER 

6 

■)(r 

□ 

A 

s 


DISTANCE 

0° 

60 

90 

I 20 

180 


Thefe  intervals  are  reckoned  according  to  the  longi- 
tudes of  the  planets  ; fo  that  the  afpedts  are  the  fame, 
whether  the  planet  be  in  the  ecliptic  or  out  of  it. 

To  the  five  ancient  afpedls,  modern  writers  have 
added  feveral  more  : as  decile^  for  the  lOth  part  of  a 
circle;  tridecile^  or  ; and  biquintile,  or  of  a circle. 
And  Kepler  adds  others,  from  meteorological  obferva- 
tions,  as  he  tells  us:  as  the  femifextile^  being  or  30®; 
and  quincunx^  or  or  150®.  Laftly,  to  the  aftrolo- 
gical  phyficians,  &c,  we  owe  oBile^  or  ^ ; trioBile-y  or  -1; 
and  quintile,  of  the  circle. 

The  afpedls  are  divided  wnth  regard  to  their  fup- 
pofed influences,  into  benign,  malign,  and  indijerentt 


The  trine  and  fextile  afpedls  being  efteeined  benign 
or  friendly  ; the  quartile  and  oppofition,  malign  or  un- 
friendly ; and  the  conjundlion  an  indiflerent  afpedl. 

' ylfpeBs  are  alfo  diilinguifhed  into  partilc  and  pintle, 

P&rtile  AspliCT,  is  when  the  planets  are  juft  fo 
many  degrees  diftant,  as  are  exprefted  above.  And 
thefe  onlv  are  the  proper  afpedls. 

Platic  Aspect,  is  when  the  planets  do  not  regard 
each  other  cxadlly  from  thefe  very  degrees  of  diftance  ; 
but  the  one  exceeding  as  much  as  the  other  falls  ftiort. 
So  that  the  one  does  not  caft  its  rays  immediately  on 
the  body  of  the  other,  but  only  on  its  orb  or  fphere  of 
light. 

ASPERITY,  fignifies  the  inequality  or  roughnefs 
of  the  furface  of  any  body  ; by  which  fome  parts  of  it 
are  more  prominent  than  the  reft,  fo  as  to  hinder  the 
hand,  &c,  from  pafiing  over  it  with  eafe  and  freedom  ; 
and  thus  producing  what  is  called  fridlion. — Afperity, 
or  roughnefs.  Hands  oppofed  to  Imoothnefs,  evennefs, 
politure,  &c. 

According  to  the  relations  of  Vermaufen,  the  blind 
man  fo  celebrated  for  diftinguifliing  colours  by  the 
touch,  it  feems  that  every  colour  has  its  peculiar  degree 
and  kind  of  afperity.  He  makes  black  the  rougheft, 
as  it  is  the  darkeft  of  colours  ; but  the  others  are  not 
fmoother  in  proportion  as  they  are  lighter  ; that  is, 
the  rougheft  do  not  always  refledl  the  leaft  light : for, 
according  to  him,  yellow  Is  two  degrees  rougher  than 
blue,  and  as  much  fmoother  than  green.  See  Colours. 

ASSIGNABLE  Magnitude,  is  ufed  for  any  finite 
magnitude  that  can  be  exprefted  or  denoted.  And, 

Assignable  Ratio,  for  any  expreftible  ratio. 

ASSUMPTION,  a feaft  celebrated  in  the  Romifli 
'church,  in  honour  of  the  miraculous  afeent  of  the 
Holy  Virgin,  as  they  deferibe  It,  body  and  foul,  into 
heaven.  It  is  kept  on  the  ijth  of  Auguft. 

ASSURANCE  on  Lives,  a compact  by  which  fe- 
curity  is  granted  for  the  payment  of  a certain  fum  of 
money  on  the  expiration  of  the  life  on  which  the  policy 
is  granted,  In  confideration  of  fuch  a previous  payment 
made  to  the  afturer  as  Is  accounted  a fufficient  compen- 
fatlon  for  the  lofs  and  hazard  to  which  he  expofes 
himfelf. 

The  fum  at  which  this  compcnfatlon  fhculd  be  va- 
lued, depends  principally  on  thefe  two  circumftances, 
viz,  I ft.  On  the  rate  of  interell  given  for  the  ufe  of 
money  ; and  2d,  On  the  probability  of  the  duration 
of  the  life  aftured,  and  the  values  of  annuities.  For, 
I ft.  If  the  Intereft  of  money  be  high,  the  value  of  the 
afturance  wall  be  proportionally  low,  ifS  e contra  ; be- 
caufe  the  higher  the  rate  of  Intereft,  the  lefs  will  be 
the  prefent  value  which  amounts  to  a certain  propofed 
fum  in  any  given  time.  Alfo,  if  the  probability  of 
the  duration  of  life  be  high,  the  value  of  the  afturance 
will  again  be  proportionably  low,  Cf  e contra  ; be- 
caufe  the  longer  the  time  Is,  the  lefs  will  be  the  principal 
which  will  amount  to  any  affigned  fum.  Thus,  If  it 
be  required  to  know  the  premium  or  prefent  value, 
to  be  given  for  100  pounds  to  be  received  at  the  end 
of  any  time,  as  fuppofe  10  years;  then,  if  the  Intereft 
of  money  be  at  the  rate  of  5 per  cent,  the  anfwer,  or 
prefent  premium,  would  be  61I.  7s.  lod;  but  at  four 
per  cent.  It  would  be  67I.  ns.  id  ; and  at  3 per  cent,  it 
would  amount  to  74I,  8s,  2d.  Again,  fuppofe  it  were 

req,ulrcd 


ASS 


A S S 


r ISO  1 


required  to  alTure  lool.  on  a life,  for  any  time,  for  in* 
fiance  l year;  that  Is,  let  looh  be  fuppofed  to  be  pay- 
able a year  hence,  provided  a Hie  of  a given  age  fails 
in  that  time : here  It  is  evident  that,  whatever  be  the 
Tate  of  Interell,  the  lefs  the  probability  of  the  lire 
failing  within  the  year,  the  lefs  the  rlllc  is,  and  the  lefs 
the  premium  ought  to  be.  In  effedl,  the  rate  of  in- 
tereft  being  ^ per  cent,  If  it  were  fure  that  the  life 
would  fail  in  that  year,  the  value  of  the  affurance 
would  be  the  fame  as  the  prefent  value  of  lool.  pay- 
.able  at  the  end  of  the  year,  which  is  95I.  4s.  qd.  But, 
if  it  be  an  equal  chance  whether  the  life  does  or  does 
mot  fail  in  the  year,  in  which  cafe  the  probability  of 
failing  is  j ; then  the  value  of  the  affurance  will  he  but 
half  the  former  value,  or  47I.  12s.  4|d.  Or  if  the  odds 
againfl  its  failing  be  as  2 to  i,  that  is,  if  one  perfon  out 
of  evety  3 die  at  the  age  of  the  propofed  life,  the  pro- 
bability of  dying  being  only  the  value  of  the  affurance 
will  be  j of  the  fu  ll  value,  or  31I.  iqs.  i id.  And  if 
the  odds  be  19  to  i,  or  one  perfon  die  out  of  20,  of 
that  age,  the  probability  of  dying  will  be  and  the 
value  of  the  affurance  will  alfo  be  of  the  firft  Value, 
or  4I.  I 3s.  3d.  nearly.  Laflly,  if  only  one  perfon  die 
out  of  50  at  the  given  age,  the  probability  of  dying 
will  be  and  the  value  of  the  aflbrance  will  be  ac- 
cordingly only  of  the  iirfl  fum,  or  il.  i8s.  id  : the 
interefl  of  money  being  all  along  confidered  as  after 
the  rate  of  5 percent. — Now,  according  to  Dr.  Halley’s 
table  of  obfervatlons,  one  perfon  dies  out  of  5,  at  the 
age  of  87  ; one  in  20  at  the  age  of  64  ; and  one  in 
50  at  the  age  of  39  ; It  follows,  therefore,  that  the 
value  of  the  affurance  of  lool.  for  one  year,  on  a life 
aged  87,  is  31I.  14s.  iid  ; on  a life  aged  64,  it  is  4I. 
15s.  3d  ; and  on  a life  aged  39,  it  is  il.  18s.  id  : 
reckoning  interefl  at  5 per  cent.  But  if  interefl  were 
rated  at  3 per  cent,  thefe  values  would  be  32L  7s.  3d, 
and  4I.  17s.  id,  and  il.  i8s.  lod. 

The  affurances  moll  commonly  praclifed,  are  fuch  as 
thefe,  on  fingle  lives,  and  for  fingle  years.  But  many 
private  affurers,  and  even  fome  large  afibring  offices, 
'•either  from  ignorance  or  impofition,  pay  no  regard  to 
any  difference  of  age,  but  dem.and  5I.  from  all  ages 
indifcnminately,  for  the  affurance  of  lool.  for  one 
year  ; a pradlice  very  abfurd  and  inequitable  ; for  it 
appears  that  this  is  more  than  the  value  of  the  affurance 
of  a life  of  64  years  of  age,  and  even  more  than  double 
the  value  of  tlie  affurance  of  a life  of  39  years  of  age; 
allowing  the  affured  to  make  5 per  cent,  of  the  monev 
he  advances. 

When  a life  is  affured  for  any  number  of  years  ; 
the  premium  or  value  may  be  paid,  either  in  one 
fingle  prefent  payment  ; in  confequence  of  which  the 
fum  affured  will  become  payable  without  any  farther 
compenfation,  whenever,  within  the  given  term,  the 
life  fliall  happen  to  drop  ; or  the  value  may  be  paid 
in  annual  payments,  to  be  continued  till  the  failure  of 
the  life,  faould  that  happen  within  the  term  ; or,  if  not, 
tid  the  determination  of  the  term.  And  the  deter- 
mination of  the  value  of  affurance,  in  all  cafes,  is  to  be 
made  out  from  the  rules  for  computing  annuities  on 
lives  ; the  principal  writers  on  which  are  Halley,  De 
Moivie,  Simpfon,  Smart,  Kerffeboom,  De  Parcleux, 
Price,  Morgan,  and  Maferes.  See  alfo  Life  Annu- 
ities, Reversion,  See. 


Affurances  may  be  made  either  on  Vrdes  i as 

above  explained  ; or  they  may  be  made  on  any  number 
of  pint  lives,  or  on  the  longejl  of  any  lives ; that  is,  an 
affurer  may  bind  himfelf  to  pay  any  fums  at  the  extinc- 
tion of  any  joint  lives,  or  the  longcfi  of  any  lives,  or  at 
the  extiurfion  of  any  one  or  two  of  any  number  of  lives. 
There  are  further  affurances  on  furvivorfrips  ; by  which 
is  meant  an  obligation,  for  the  value  received,  to  pay 
a given  fum  or  annuity,  provided  a given  life  fhall  fur- 
vive  ally  other  given  life  or  lives.  For  which  fee  Sur- 
vivorship. 

The  principal  offices  fbr  making  thefe  infurances.  In 
England,  are  the  “ London  and  the  Royal  Exchange 
Affurance  Offices the  Amicable  Society,  incorpo- 
rated for  a perpetual  Affurance  Office  “ the  Society 
for  equitable  Affurances  on  Lives  and  Siirvivorfliips 
and  “ the  Vfellminiler  Society  for  granting  Annuities 
and  infuring  Money  on  Lives.” 

The  firft  two  of  thefe  offices,  having  chiefly  In  view 
affurances  on  ffilps  and  houfes,  deal  but  little  in  the  way 
of  affurances  on  lives ; and  all  the  bufinefs  they  tranfaCt 
in  thii  wayq  is  at  5I.  for  every  looh  affured  on  a fingle 
life  for  a fingle  year,  without  paying  any  regard  to  the 
ages  of  the  lives  affured* 

The  next,  or  Amicable  Society  at  Serjeant’s  Inn,  re- 
quires an  annual  payment  of  5I.  from  every  member 
during  life,  payable  quarterly.  The  whole  annual  in- 
come, hence  arifmg,  is  equally  divided  among  the  no- 
minees, or  heirs,  of  fuch  members  as  die  every  year. 
But  this  fociety  engages  that  the  dividends  fliall  not  be 
lefs  than  150I.  to  each  claimant,  though  they  may  be 
more.  No  members  are  admitted  whofe  ages  are  greater 
than  45,  or  lefs  than  1 2 ; nor  is  any  difference  of  con- 
tribution allowed  on  account  of  difference  of  age. 
The  fociety  has  fubfifled  ever  fince  the  year  170b,  arid 
its  credit  and  iifefulnefs  are  well  eflablifhed. 

The  Equitable  Society  for  Affurances  on  Lives  and 
Survlvorfuips,  which  meets  at  Black-Friars’  Bridge, 
was  eftablifhed  in  the  year  1762,  In  confequence  of 
propoiais  which  had  been  made,  and  leftures,  recom- 
mending fuch  a defign,  which  had  been  read  by  Mr, 
Dodfon,  author  of  the  Mathematical  Repofitory.  It 
affiires  any  fums  or  reverfionary  annuities,  on  any  life 
or  lives  for  any  number  of  years,  as  well  as  for  the  whole 
continuance  of  the  lives  ; and  in  any  manner  that  may 
be  bell  adapted  to  the  views  of  the  perfons  affured  : that 
is,  either  by  making  the  affured  fums  payable  certainly 
at  the  failure  of  any  given  lives;  or  on  condition  of 
lurvivorlhip;  and  alfo,  either  by  taking  the  price  of  the 
affurance  in  one  prefent  payment,  or  in  annual  pay- 
ments, during  any  fingle  or  joint  lives,  or  any  terms, 
lefs  than  the  whole  poffible  duration  of  tlie  lives.  In 
fnort,  there  are  no  kinds  of  affurances  on  lives  and  fur- 
vlvorfhips,  winch  this  fociety  does  not  make. 

In  doing  this,  the  Society  follows  the  rules  whicli 
have  been  given  by  the  bell  mathematical  writers  on  the 
dodlrine  of  Life  Annuities  and  Reverlions,  particularly 
Mr.  Thomas  Simpfon,  profeffor  of  Mathematics  in  the 
Royal  Military  Academy.  It  is  to  be  obferved  however 
that  the  Society  takes  the  advantage  of  making  its  calcu- 
lations on  the  fuppofition  that  the  intereff  of  money  is  at 
io  low  a rate  as  3 per  cent,  inllead  of  theufual  intereff  of 
4 per  cent ; which  confeqiiently  laifes  the  infurance  pro- 
portionally higher ; and  it  alfo  founds  its  calculations 
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cn  the  tables  the  probabilities  and  values  of  lives  in 
London  ; another  circumRance  which  lecures  a very 
advantageous  profit  to  the  Society>  as  experience, has 
proved  that  the  deaths  are  really  in  a much  lower 
proportion  than  according  to  thofe  tables,  and  even 
lower  than  thofe  of  Dr.  Halley,  which  are  founded  on 
the  bills  of  mortality  of  Breflaw.  By  thefe  means  the 
Society  finding  itfelf,  by  experience,  well  fecured  againfi; 
future  hazards,  and  being  unwilling  to  take  fronr  the 
public  an  extravagant  profit,  have  determined  to  reduce 
ail  the  future  payments  for  alTurances,  one  tenth,  and 
alfo  generoufly  to  return,  to  the  perfons  now  afiured, 
one  tenth  of  all  the  payments  they  have  made  : and  it 
feems  there  is  reafon  to  expedt  that  this  will  be  only  a 
preparation  to  farther  reduction . 

From  the  foregoing  account  of  this  fociety,  it  is 
manifefl  that  its  bufinefs  is  fuch,  that  none  but  fieilful 
mathematicians  are  qualified  to  ccyidndl  it.  Tlie  inter- 
eft  of  the  focicty  therefore  requires,  that  it  fliould  make 
the  places  of  thofe  who  manage  its  bufinefs  fufRciently 
advantageous,  to  induce  the  ableft  mathematicians  to 
accept  them  ; and  this  will  render  it  the  more  neceftary 
for  the  fociety  to  take  care,  in  filling  up  any  future  va- 
cancies, to  pay  no  regard  to  any  other  confiderntions 
than  the  ability  and  integrity  of  the  candidates.  The 
confequence  of  granting  good  pay,  will  be  a multitude 
of  iolicitations  on  every  vacancy,  from  perfons  who, 
however  unqualified,  will  hope  for  fuccefs  from  their 
connexions,  and  the  intereft  they  are  able  to  make. 
And  fiiould  the  fociety,  in  any  future  time,  be  led  by 
fuch  caiftes  to  trnft  its  bufinefs  in  the  hands  of  perfons 
not  poflelTed  of  fufficlent  ability,  as  mathematicians  and 
calculators,  fuch  miftakes  may  be  committed,  as  may 
prove,  in  the  higheft  degree,  detrimental  and  danger- 
ous. There  is  reafon  to  believe,  that  at  prefent  the 
focicty  is  In  no  danger  of  this  kind  ; and  one  of  the 
great  public  advantages  attending  it.  Is,  that  it  has' 
eftablifhed  an  office,  where  not  only  the  bufinefs  above 
deferibed,  is  tranfa(fted  with  faithfulnefs  and  fivill  ; but 
where  alfo  all  perfons,  who  want  folutions  of  any  qiief- 
tions  relating  to  life  annuities  and  reverfions,  may  apply, 
and  be  fure  of  receiving  juft  anfvvers.  The  following 
is  a 
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Thefe  rates  are  10  per  cent.  lower  than  the  true  va- 
lues, according  to  the  decrements  of  life  in  London, 
reckoning  intereft  at  3 per  cent ; but  at  the  fame  time, 
ir  is  to  be  obferved  that,  for  all  ages  under  50,  they  are 
near  one  third  higher  than  all  the  true  values,  according 
to  Dr.  Halley’s  table  of  the  decrements  of  life  at  Bref- 
law, and  Dr.  Price’s  tables  of  the  decrements  of  life  at 
Northampton  and  Norwich.  But  as  the  fociety  has 
lately  found  that  the  decrements  of  life  among  its 
members  liavc  hitherto  been  lower  than  even  thofe  given 
in  thefe  laft  tables,  it  may  reafonably  be  expedled,  that 
they  will  in  time  reduce  their  rates  of  affurance  to  the- 
true  values,  as  determined  by  thefe  tables. 

As  to  the  Weftminjler  Society  for  granting  Annuities^- 
and  inf  irirg  Monty  on  LiveSy  lately  eftabliffied,  viz,  in 
the  year  1789,  from  the  number  and  refpecftability  of 
Its  members,  the  equitable  terms  upon  which  It  pro- 
pofes  to*  deal,  and  the  known  ability  and  accuracy  of 
the  mathematicians  and  calculators  employed  in  con- 
ducting it,  there  is  every  reafon  to  expedl  an  honourable 
and  equitable  treatment  of  the  public,  and  a permanent, 
continuance  of  its  ufefulnefij. 

0 

ASTERISM,  the  fame  with  conftellation,  or  a‘ 
collediion  of  many  ftars,  which  are  iifually  reprefented^ 
on  globes  by  fome  particukir  image  or  figure,  to  dif- 
tinguifh  the  ftars  which  compofe  this  conftellation  from' 
thofe  of  others.  , 

ASTR.£A,  a name  given  by  fome  to  the  fign  Virgo,, 
by  others  called  Erigone,  and  fometimes  Ifis.  The 
poets  feign  that  Jiiftice  quitted  heaven  to  refide  on  earth, 
in  the  golden  age  ; but,  growing  weary  of  the  iniqiil- 
ties  of  mankind,  fhe  left  the  earth,  and  returned"  to 
heaven,  placing  herfelf  in  that  part  of  the  zodiac  called 
Virgo,  where  fhe  became  a conftellation  of  ftars,  and 
from  her  orb  ft  ill  looks  down  on  the  ways  of  men. 
Ovid.  Metam.  lib.  I.  ver.  149. 

ASTRAGAL,  In  Architeflure,  a fmall  round 
moulding,  which  encompaiTes  the  top  of  the  fuft  or 
ffiaft  of  a column,  like  a ring  or  bracelet.  The  ftiaft 
always  terminates  at  top  with  an  aftraga],and  at  bottom 
with  a fillet,  which  in  this  place  is  called  o:eda. 

Astragal,  in  Gunnery,  is  a kind  of  ring  or  mould- 
ing on  a piece  of  ordnance,  at  about  half  a foot  diftance 
from  the  muzzle  or  mouth ; ferving  as  an  ornament  to 
the  gun,  as  the  former  does  to  a column. 

ASTRAL,  fomething  belonging  to  or  dependino* 
on  the  ftars. 

Astral  Teary  or  Sidereal  Tear,  See  Year. 
ASTRODICTICEIM,  an  aftronomical  inftrument 
inventedby  M.  Welghel,  by  means  of  which  many  perfons 
/hall  be  able  to  view  the  fame  ftar  at  the  fame  time. 

ASEROGNOSIA,  the  art  of  knowing  the  fixed 
ftars,  their  names,  ranks,  fituatlons  in  the  conftellations, 
and  the  like. 

ASTROLABE,  from  ftar,  and  XauQccvce^  I 
take;  alluding  to  its  life  in  taking,  or  obferving,  the 
ftars.  The  Arabians  call  it  in  their  tongue  a/lharlab; 
a word  formed  by  corruption  from  the  common  Greek- 
name. 

This  name  was  originally  ufed  for  a fyftein  or  affem- 
blage  of  the  feveral  circles  of  the  fphere,  in  their  proper 
order  and  fituation  with  refpedl  to  each  other.  And 
the  ancient  inftruments  were  much  the  fame  as  our 
armiftai-y  fpheres. 
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The  firil,  and  mo{l  celebrated  of  this  kind , was  that 
of  Hipparclnis,  v/hich  he  made  at  Alexandria,  the  ca- 
pital of  Egypt,  and  lodged  in  a fecure  place,  where  it 
ferved  for  divers  aflronomlcal  operations.  Ptolemy 
made  the  fame  ufe  of  it : but  as  the  inilrument  had  fe- 
vei  al  inconveniences,  he  contrived  to  change  its  figure, 
though  perfeftly  natural,  and  agreeable  to  the  dodrine 
of  the  fphere  ; and  to  reduce  the  whole  Aftrolabe  to  a 
plane  futface,  to  wdilch  he  gave  the  name  of  the  Pla^ 
iiijphere.  Hence, 

Atsrolabe  Is  ufed  among  the  moderns  for  a Pla- 
nifphere,  or  a flereographic  projection  of  the  circles  of 
the  fphere  upon  the  plane  of  one  of  the  great  circles ; 
which  Is  ufually  either  the  plane  of  the  equInoClIal,  the 
eye  being  then  placed  in  the  pole  of  the  world  ; or  that 
of  the  meridian,  the  eye  being  fuppofed  in  the  point  of 
interfeCtion  of  the  equinoCtlal  and  horizon  ; or  on  that 
of  the  horizon. 

The  Aftrolabe  has  been  treated  at  large  by  Stoiller, 
■Gemma  Frifius,  Clavius,  &c.  And  for  a farther  ac- 
count of  the  nature  and  kinds  of  it,  fee  the  article 
Planisphere. 

Astrolabe,  or  Sea  Astrolabe,  more  particu- 
larly denotes  an  inhrument  chiefly  ufed  for  taking  al- 
titudes at  fea ; as  the  altitude  of  the  pole,  the  fun,  or 
the  flars. 

The  common  Aftrolabe,  reprefented  Plate  II,  J}.g,  7, 
confifts  of  a large  brafs  ring,  about  1 1;  inches  in  diameter, 
whofe  limb,  or  a convenient  part  of  jt,  is  divided  into 
degrees  and  minutes.  It  Is  fitted  with  a moveable  label 
or  index,  which  turns  upon  the  centre,  and  carries  two 
fights  ; and  having  a fmall  ring,  at  A,  to  hang  it  by 
in  time  of  obfervation. 

To  make  ufe  of  the  Aftrolabe  in  taking  altitudes; 
fufpend  It  by  the  ring  A,  and  turn  it  to  the  fun,  &c, 
fo  as  that  the  rays  may  pafs  freely  through  both  the 
fights  F and  G ; then  will  the  label  cut  or  point  out  the 
altitude  on  the  divided  limb.  There  are  many  other  ufes 
of  the  Aftrolabe ; of  which  Clavius,  Henrion,  and 
others  have  written  very  largely. 

The  Aftrolabe,  though  now  grown  into  difufe,  is 
by  many  efteemed  equal  to  any  other  inftrument  for 
taking  the  altitude  at  fea  ; efpecially  between  the  tro- 
pics, where  the  fun  comes  near  the  zenith. 

ASTROLOGER,  a perfon  profeffing  or  praCIifing 
the  art  of  Aftrology. 

ASTROLOGICAL,  fomethlng  relating  to  Aftro- 
logy. 

Astrology,  the  art  of  foretelling  future  events, 
from  the  pofitlons,  afpeCIs,  and  influences  of  the  hea- 
venly bodies. 

^ The  word  is  compounded  of  Jiar,  and  X070?, 
difcoiirfe ; whence,  in  the  literal  fenfe  of  the  term,  Aftro- 
logy ftiould  fignify  no  more  than  the  dodlrlne  or  fctence  of 
the  ftars  ; wliich  indeed  was  its  original  acceptation,  and 
conftitutecl  the  ancient  Aftrology  ; wdiich  confifted  for- 
y the  branches  now  called  Aftronomy  and 

Aftrology,  under  the  name  of  the  latter  only  ; and  for 
the  fake  of  making  judiciary  prediffions  It  was  that  aftro- 
nomical  obfervatioiis,  properly  fo  called,  were  chiefly 
made  by  the  ancients.  And  though  the  two  branches 
be  now  peifeftly  feparated,  and  that  of  Aftrology  h1- 
m-oft  univerrally  rejected  by  men  of  real  learning  this 
has  but  lately  been  the  cafe,  as  their  union  fubftfted,  in 


fome  degree,  from  Ptolemy  till  Kepler,  who  had  a ftrong 
bias  towards  the  ancient  aftrology. 

Aftrology  may  be, divided  into  two  branches,  natural 
and  judiciary. 

To  Natural  Astrology  belongs  the  prediAing 
of  natural  effedls;  fuch  as  the  changes  of  weather,  winds, 
ftorms,  hurricanes,  thunder,  floods,  earthquakes,  &c. 
But  this  art  properly  belongs  to  Phyfology,  or  Natural 
Pbilofophy  ; and  is  only  to  be  deduced,  d poferiori^  from 
phenomena  and  obfervations.  And  for  this  fort  of 
Aftrology  it  is  that  Mr.  Boyle  makes  an  apology  in  hl$ 
Hiftory  of  the  Air.  Its  foundation  and  merits  may  be 
gathered  from  what  is  faid  under  the  articles  Air,  At- 
mosphere, and  Weather: 

yudic'ial  or  Judiciary  Astrology,  which  is  what  i$ 
commonly  and  properly  called  Afrologyy  is  that  which 
profefles  to  foretel  moral  eYents,  or  fuch  as  have  a 
dependence  on  the  free  will  and  agency  of  man  ; as  if 
they  w'ere  produced  or  direfted  by  the  ftars. 

The  profeflbrs  of  this  kind  of  Aftrology  maintain, 
“ That  the  heavens  are  one  great  volume  or  book, 
wdierein  God  has  written  the  hiftory  of  the  world  ; and 
in  which  every  man  may  read  his  own  fortune,  and  the 
tranfactions  of  his  time.  The  art,  fay  they,  had  Its  rife 
from  the  fame  hands  as  Aftronomy  itfelf : while  the  an- 
cient Aftyrians,  whofe  ferene  unclouded  fley  favoured 
their  celeftial  obfervations,  were  intent  on  tracing  the 
paths  and  periods  of  the  heavenly  bodies,  they  difeovered 
a conftant,  fettled  relation  of  analogy,  between  tliem 
and  things  below^ ; and  hence  w'ere  led  to  conclude 
thefe  to  be  the  Parca^  the  Deftinies  fo  much  talked 
of,  which  prefide  at  our  births,  and  difpofe  of  our  fu- 
ture fate.’’ 

“ The  laws  therefore  of  this  relation  being  afeertained 
by  a feries  of  obfervations,  and  the  fhare  each  planet 
has  therein  ; by  knowing  the  preciie  time  of  any  per- 
fon’s  nativity,  they^  were  enabled,  from  their  knowledge 
in  aftronomy,  to  eredt  a fcheme  or  horofeope  of  the  fitu- 
ation  of  the  planets,  at  that  point  of  time;  and  hence, 
by  confidering  their  degrees  of  power  and  influence,  and 
how  each  was  either  ftrengthened  or  tempered  by  fome 
other,  to  compute  what  muft  be  the  refult  thereof.” 

Judicial  Aftrology,  it  is  commonly  faid,  was  invented 
in  Chaldiea,  and  from  thence  tranfmitted  to  the  Egyp- 
tians, Greeks,  and  Romans  ; though  fome  infill  that  it 
was  of  Egyptian  origin,  and  aferibe  the  invention  to 
Cham.  But  It  is  to  the  Arabs  that  we  owe  it.  At 
Rome  the  people  were  fo  infatuated  wuth  it,  that  the 
aftrologers,  or,  as  they  were  then  called,  the  mathe- 
maticians, maintained  their  ground  in  fpite  of  all  the 
edifts  of  the  emperors  to  expel  them  out  of  the  city. 
See  Genethli ACi. 

Among  the  Indians,  the  Bramlns,  who  introduced 
and  praclifed  this  art  in  the  Eaft,  have  hereby  made 
themfelves  the  arbiters  of  good  and  evil  hours,  which, 
gives  them  great  authority  : they  are  confulted  as  ora- 
cles; and  they  have  taken  care  always  to  fell  their  anfwers 
at  H-ood  ratCvS. 

d he  fame  fuperftition  has  prevailed  in  more  modern 
ages  and  nations.  The  French  hiftorians  remark,  that 
in  the  time  of  queen  Catharine  de  Medicis,  Aftrology 
was  fo  much  In  vogue,  that  the  molt  inconfiderable  thing 
w^as  not  to  be  done  without  confulting  the  liars.  And 
in  the  reigns  of  king  Henry  HI.  and  IV.  of  France,  the 

predictions 


AST 


[ 153  T A S T 


of  Aftrologers  were  the  common  theme  of 
the  court  converfation*  And  this  predominant  humour 
in  that  court  was  well  rallied  by  Barclay,  in  his  Argenis, 
2f  on  occafion  of  an  Allrologer,  who  had  under- 
taken to  inftru6l  king  Henry  in  the  event  of  a wat* 
which  was  then  threatened  by  tlie  faction  of  the  Guifes. 

ASTROMETEOROI-.OGIA,  the  art  of  foretelling 
the  weather,  and  its  changes,  from  the  afpe(d:s  and  con- 
figurations of  the  moon  and  planets  : a fpecies  of  Aftro- 
logy  diftinguifhed  by  fome  under  the  deiromination  of 
meteorological  ajirology. 

ASTRONOMICAL,  fomething  relating  to  Aflro* 
nomy. 

Astronomical  Calenelar^  Charaders^  Column^  Ho» 
ri%ony  HourSi  Months  ^ladrant,  R'tf>g-Dial^  Se&or, 
hleSi  Telefcepe^  Time,  I'ear.  See  the  feveral  fubllantiveSi 

Astronomical  Ohfer^alions.  Of  thefe  there  are 
pecords,  or  mention,  in  almoft  all  ages.  It  is  hud  that 
the  Chinefe  have  obfervations  for  a coUrfe  of  many  thou* 
land  years.  But  of  thefe,  as  well  as  thofe  of  the  Indians, 
we  have  neveryet  had  any  benefit.  Buttheobfervations  of 
moll  of  the  other  ancients,  as  Babylonians,  Greeks,  &g, 
amongll  which  thofe  of  Hipparchus  make  a principal  fi* 
gure,  are  carefully  preferved  by  Ptolemy, in  his  Almagell. 

About  the  year  880,  Albategni,  a Saracen,  applied 
himfelf  to  the  making  of  obfervations;  in  which  he 
w’as  followed  by  others  of  the  fame  nation,  as  well  as 
Perfians  and  Tartars;  among  whom  w’ere  Naffir-Eddin- 
Ettufi,  Arzachel,  wdio  alfo  conilrufled  a table  of  fines, 
and  Ulug  Beigh.  In  1457  Regiomontanus  undertook 
the  province  at  Norimberg  ; and  his  difciples,  J,  Wer- 
ner and  Ber*  Walther,  continued  the  fame  from  1475 
to  I 504.  Their  obfervations  were  publifhed  together 
in  1544. — In  1509)  Copernicus,  and  after  him  the 
landgrave  of  Helfe,  with  his  aflillants  Rothman  and 
Byrge,  obferved  ; and  after  them  Tycho  Brahe,  affifled 
by  the  celebrated  Kepler,  from  1582  to  1601. — All  the 
foregoing  obfervations,  together  with  Tycho’s  appara- 
tus of  inllruments,  are  contained  in  tlie  Hilloria  Cuc- 
lellis,  publifhed  in  1672,  by  order  of  the  emperor  Fer* 
dinand. — In  1651,  was  publiflied  at  Bononia,  by  Ricci- 
clus,  Almagefium  Novum,  being  a complete  body  of  an^ 
cient  and  modern  obfervations,  which  he  fo  named  after 
the  work  of  the  fame  nature  bv  Ptolemv.-^Soon  after, 
Hevel  ius,  with  a magnificent  and  well-contrived  ajipara- 
tus  of  inflrumcnts,  deferibed  in  his  Machina  Cafieflis, 
began  acourfeofobfervations.  Ithasbeen  objected  tohim, 
that  he  only  ufed  plain  fights,  ilnd  could  never  be  brought 
to  take  the  advantage  of  ttlefcopic  onts;  which  occa- 
fioned  Dr,  Hook  to  write  animadverfions  on  llevclius’s 
inflruments,  printed  in  1674,  in  whicli  he  too  raffily 
defpifes  them,  on  account  of  their  inaccuracy  : but 
Dr.  Halley,  who  at  tlie  inltance  of  the  Royal  Society 
■w’ent  over  to  Dantzick  in  the  year  1679,  to  infpect  his 
inflruments,  approved  of  their  jullnefs,  as  well  as  of  the 
obfervations  made  with  them.  See  Sig h rs.—- *Gur 
two  countrymen  Jer.  Horrox  and  Will.  Crabtree, 
are  celebrated  for  their  clilervalions  from  the  year  1635 
to  1645,  who  firil  obferved  the  tranlit  of  Venus  over 
the  fun  in  the  year  1639.' — ddiey  were  followed  by 
Flamileed,  Cafilni  the  father  and  fon,  Halley,  de  la 
Hire,  Roemer,  and  K irchius. — ’^I'he  obfervations  of  tlie 
celebrated  Dr.  Bradley  have  not  yet  been  puhhfiied, 
though  long  expected,  We-have  aifo  now'  publifhed, 
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from  time  to  time,  the  accurate  obfervations  of  the 
fent  Britifli  Aflronorner  Royal;  as  alfo  thofe  of  the 
French  and  other  obfervatories,  with  the  obfeiwations 
of  many  ingenious  private  aflronomers,  which  are  to  be 
found  in  the  Tianfadlions  and  Memoirs  of  the  various 
Philofophical  Societies. — There  have  been  alfo  obferv^- 
tions  of  many  other  eminent  aflronomers  ; as,  Galileo* 
Huygensj  and  our  countryman  Harriot,  whole  very 
interelling  obfervations  have  lately  been  brought  to  light 
by  the  earl  of  Egremont,  and  count  Bruhl,  by  whofe 
means  they  may  come  to  be  publifhed.  Other  publi- 
cations of  celefli'dl  obfervations,  are  thofe  of  Caffini* 
La  Caille,  Monnier,  See. — See  farther  under  Celestial 
Obfervations^  Catalogue,  Observatory,  &c. 

Astronomical  Place  of  a flar  or  planet,  is  its  lon- 
gitude, or  place  in  the  ecliptic,  reckoned  from  the  be- 
ginning of  Aries,  in  corf  quentia^  or  accorduig  to  the 
order  of  the  figns. 

ASTRONOMICAI.S,  a name  ufed  by  fome  wr^ti- 
ers  for  fexagefimal  fradfions ; on  account  of  their  uic 
in  aitronomical  calculations. 

ASTRONOMICUS  RaJins,  See  Radius. 
ASTRONOMY,  the  doctrine  of  the  heavens,  and 
their  phenomena. 

Aflronomy  is  properly  a mixed  mathematical  fciencc, 
by  which  vve  become  acquainted  with  the  celeflial  bo- 
dies, their  motions,  periods,  eclipfes,  magnitudes,  dif- 
tances,  and  other  phenomena^  Some,  however,  under- 
ftand  the  term  aflronomy  in  a more  extenfive  fenfe,  as 
comprifing  in  it  the  theory  of  the  univerfe,  with  the 
primary  laws  of  nature  ; In  which  fenfe  it  feems  to  be 
rather  a branch  of  phyfics  than  of  mathematics. 

Hiflory  of  Aflronomy* 

The  invention  of  aflronomy  has  been  varioufly  given, 
and  aferibed  to  feveral  perfons,  feveral  nations,  and 
feveral  ages.  Indeed  it  Is  probable  that  mankind  never 
exiflcd  without  fome  knowledge  of  aflronomy  amongft; 
them.  For,  befidcs  the.  motives  of  mere  curiofity, 
which  are  fufficient  of  themfelves  to  have  excited  men 
to  a contemplation  of  the  glorious  and  varying  celeflial 
canopy,  it  is  obvious  that  fome  parts  of  the  fcience 
anfwer  fuch  effential  purpoles  to  mankind,  as  to  make 
the  cultivation  of  it  a matter  of  indifpenfable  neceffity. 
Accordingly  we  find  traces  of  It,  In  different  degrees  of 
improvement,  among  all  nations. 

Adam,  In  his  llate  of  innocence,  It  is  fuppofed  by 
fome  of  the  Jewlfli  rabbins,  Avas  endowed  with  a know'- 
ledgc  of  the  nature,  influence,  and  ufes  of  the  heavenly 
bodies  ; and  Jofepluis  aferibes  to  Seth  and  his  pollcrity 
a confiderable  knowdedge  of  aflronomy  : he  fpeaks  of 
two  pillarS)  the  one  of  Hone  and  the  other  of  brick,  c alled, 
tlie  pillars  of  Seth,  upon  which  they  engraved  thepriii- 
cijiles  of  the  fcience  5 and  he  fays  that  the  former  w'as 
Hill  entire  in  his  time.  But  be  this  as  it  may,  it  is  evi- 
dent that  the  great  length  of  the  antediluvian  live-s 
would  afford  fuch  excellent  opportunities  for  obferving 
the  heavenly  bodies,  tliat  we  cannot  but  fuppofe  that 
the  fcience  of  aflronomy  was  confiderably  advanced  be- 
fore the  flood.  Indeed  Jofepluis  fays  that  longevity 
was  bellowed  upon  them  for  the  very  purpofe  of  culti- 
vating the  fciences  of  geometry  and  aflronomy;  obferv- 
ing  that  the  latter  could  not  be  learned  in  lefs  than  600 
years;  “ for  that  period,  he  adds,  Is  x\iq  grand  year 
X An 
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An  cxprclTion  remarkable  enough  ; and  by  which  it 
may  be  fuppofed  is  meant  the  period  in  which  the  fun 
and  moon  come  again  into  the  fame  fituation  ifi  which 
they  were  at  the  beginning  of  it,  with  regard  to  the 
nodes,  apogee  of  the  moon,  &c.  “ This  period,  fays 

Cafllni,  of  which  we  find  no  intimation  in  any  monu- 
ment of  any  other  nation,  is  the  finefl:  period  that  ever 
was  invented:  for  it  brings  out  the  iolar  year  more  ex- 
aclly  than  that  of  Hipparchus  and  Ptolemy  ; and  the 
lunar  month  within  about  one  fecond  of  what  is  deter- 
mined by  modern  aftronomers.’^  If  the  Antediluvians 
had  fuch  a period  of  600  years,  they  mull  have  known 
the  motions  of  the  fun  and  moon  more  exadly  than 
their  defcendants  knew  them  fome  ages  after  the  flood. 

On  the  building  of  the  Tower  of  Babel,  it  is  fup- 
pofed that  Noah  retired  with  his  children,  born  after 
the  flood,  to  the  north-eaflern  part  of  Afia,  where  his 
defcendants  peopled  the  vaft  empire  of  China.  And 
this,  fays  Dr.  Long,  “ may  perhaps  account  for  the 
Chiuefe  having  fo  early  cultivated  the  ftudy  of  aflro- 
nomy,  &c.*’  It  is  faid  that  the  Jefuit  mifiionaries  have 
found  traditional  accounts  among  the  Chinefe,  of  their 
having  been  taught  this  fcience  by  their  lirfl;  emperor 
Fo-hi,  who  is  fuppofed  to  be  the  fame  with  Noah  ; and 
Kempfer  aflerts  that  Fo  -hi  difeovered  the  motions  of  the 
heavens,  divided  time  into  ^ears  and  months,  and  invent- 
ed the^i  2 figns  into  whicli  they  divide  the  zodiac,  and 
which'^hey  diflinguifh  thefe  names  following;  i, 
the  moufe  ; 2,  the  ox  or  cow ; 3,  the  tiger  ; 4,  the 
hare;  5,  the  dragon;  6,  the  ferpent ; 7,  the  horfe  ; 
8,  the  fheep  ; 9,  the  monkey  ; 10,  the  cock  or  hen  ; 
1 1,  the  dog;  and,  12,  the  boar.  They  divide  the  hea- 
vens into  28  ccnflellations,  or  clafl'es  of  bars,  allotting 
4 to  each  of  the  7 planets  ; fo  that  the  year  always  be- 
gins with  the  fame  planet ; and  their  conftellations  an- 
fwer  to  the  28  lunar  manfions  ufed  by  the  Arabian 
ij  Q ’ / aftronomers.  Thefe  conilellations  however  they  do  not 
* ' mark  with  the  figures  of  animals,  like  moft  other  nations, 

but  by  connecting  the  ftars  by  flraight  lines,  and  de- 
noting the  flars  themfelves  by  fmali  circles  : fo,  for  in- 
flance,  the  great  bear  would  be  marked  thus, 
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The  Chinefe  themfelves  hare  many  records  and  tra- 
ditions of  the  high  antiquity  of  their  aflronomy  ; though 
not  without  fufpicion  of  great  miflakes.  But,  on  more 
certain  authority,  it  is  afferted  by  F.  Gaubil,  that  at 
leafl:  1 20  years  before  Chrlfl,  the  Chinefe  had  deter- 
mined by  obfervation  the  number  and  extent  of  their 
conilellations  as  they  now  Hand  ; the  fituation  of  the 
fixed  flars  with  refpedl  to  the  equinodlial  and  fohlitial 
points;  and  the  olfliquity  of  the  ecliptic;  with  the 
theory  of  eclipfes:  and  that  they  were,  long  before 
that,  acquainted  with  the  true  length  of  the  folar  year, 
the  method  of  obferving  meridian  altitudes  of  the  fun 
by  the  fliadow  of  a gnomon,  and  of  deducing  from 
thence  his  declination,  and  the  height  of  the  pole.  The 
/ame  milTionary  alfo  fays,  that  the  Chinefe  have  yet  re- 
maining fome  books  of  aflronomy,  which  were  written 
about  200  years  before  Chrlfl  j from  which  it  appears, 


that  the  Chinefe  had  known  the  daily  motion  of  the  fim 
and  moon,  and  the  times  of  the  revolutions  of  the 
planets,  many  years  before  that  period. 

Du  Halde  informs  us,  that  Tcheou-cong,  the  moft 
fl<Ilful  aflronomer  that  ever  China  produced,  lived  more 
than  a thoufand  years  before  Chrifl  ; that  he  paffed 
whole  nights  In  obferving  the  celeftial  bodies,  and  ar- 
ranging them  into  conftellations,  Stc.  At  prefent  how- 
ever, the  ftate  of  aflronomy  is  but  very  low  in  that 
country,  although  it  be  cultivated  at  Peking,  by  pub- 
lic authority,  In  like  manner  as  in  moft  of  the  capital 
cities  of  Europe. 

The  Inhabitants  of  Japan,  of  Siam,  and  of  the  Mo- 
giiPs  empire,  have  alfo  been  acquainted  with  aflronomy 
from  time  immemorial ; and  the  celebrated  obfervatory 
at  Benares,  is  a monument  both  of  the  ingenuity  of  the 
people,  and  of  their  flilll  In  that-fcience. 

According  to  Porphyry,  aflronomy  mufl  have  beetle 
of  very  ancient  Handing  in  the  Eafl.  He  informs  us 
that,  when  Babylon  was  taken  by  Alexander,  there 
v/ere  brought  from  thence  celeftial  obfervations  for  the 
fpace  of  1 903  years  ; which  therefore  mufl  have  com- 
menced within  I r 3 years  after  the  flood,  or  within 
years  after  the  building  of  Babel. — Epigenes,  accord- 
ing to  Pliny,  affirmed  that  the  Babylonians  bad  obferv- 
ations of  720  years  engraven  on  bricks, — Again,  Achil- 
les Tatius  aferibes  the  invention  of  aflronomy  to  the 
Egyptians  ; and  adds,  that  their  knowledge  of  that 
fcience  w’as  engraven  on  pillars,  and  by  that  means  tranf- 
mltted  to  poftei'ity. 

M.  Bailly,  in  his  elaborate  Hiflory  of  ancient  and 
modern  aflronomy,  endeavours  to  trace  the  origin  of 
this  fcience  among  the  Chaldeans,  Egyptians,  Perfians, 
Indians  and  Chinefe,  to  a very  early  period.  And 
thence  he  maintains,  that  it  was  cultivated  in  Egypt 
and  Chaldea  2800  years  before  Chrifl;  in  Perfia,  3209; 
in  India,  3101  ; and  in  China,  2952  years  before  that 
asra.  He  alfo  apprehends,  that  aflronomy  had  been 
ftudied  even  long  before  this  diftant  period,  and  that 
we  are  only  to  date  its  revival  from  thence. 

In  invefligating  the  antiquity  and  progrefs  of  aftro- 
nomy  among  the  Indians,  M.  Bailly  examines  and 
compares  four  different  fets  of  aftronomical  tables  of  the 
Indian  phllofophers,  namely  that  of  the  Slamefe,  ex- 
plained by  M.  Caffini  in  1689  ; that  brought  from  In- 
dia by  M.  le  Gentil  of  the  Academy  of  Sciences ; and 
two  other  manufcript  tables,  found  among  the  papers 
of  the  late  M.  de  Lifle;  all  of  which  he  found  to  accord 
together,  and  all  referring  to  the  meridian  of  Benares, 
above-mentioned.  It  appears  that  the  fundamental 
epoch  of  the  Indian  aflronomy,  is  a conjundlion  of 
the  fun  and  moon,  which  took  place  at  the  amazing 
diftance  of  3102  years  before  Chrifl:  and  M.  Bailly 
informs  us  that,  by  our  moll  accurate  aftronomical  ta- 
bles, fuch  a coiijiin6lion  did  really  happen  at  that  lime. 
He  further  obferves  that,  at  prefent,  the  Indians  cal- 
culate ccllpfes  by  the  mean  motions  of  the  fun  and  moon 
obferved  coco  years  flnee  ; and  that  their  accuracy, 
with  regard  to  the  folar  motion,  far  exceeds  that  of  the 
bell  Grecian  aftronomers.  They  had  alfo  fettled  the  lu- 
nar motions  by  computing  the  fpace  through  which  that 
luminary  had  paffed  in  i ,600,984  days,  or  a little  more 
than  4383  years.  M.  Bailly  alfo  informs  us,  that  they 
make  ufe  of  the  cycle  of  19  years,  the  fame  as  that 
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afcrlbed  by  the  Greeks  to  Melon  ; that  their  theory  of 
the  planets  is  much  better  than  Ptolemy’s,  as  they  do 
not  fuppofe  the  earth  in  the  centre  of  the  celehial  mo- 
tions, and  believe  that  Venus  and  Mercury  move  lound 
the  fun  ; and  that  their  ailronomy  agrees  with  the  moll 
modern  difeoveries  as  to  the  deereafe  of  the  obliquity 
of  the  ecliptic,  the  acceleration  of  the  motion  of  the 
•cqiiinodlial  points,-  See. 

In  the  2d  vol.  of  the  Tranfadlions  of  the  Royal  So- 
ciety of  Edinburgh  is  alfo  a learned  and  ingenious  dif- 
fertation  on  the  ailronomy  of  the  Brahmins  of  India, 
by  Mr.  Profelfor  Playfair  ; in  which  the  great  accuracy 
and  high  antiquity  of  tlie  fcience,  among  them,  is  re- 
duced to  the  greatell  probability.  It  hence  appears  that 
their  tables  and  rules  of  computation,  have  peculiar  re- 
ference to  an  epoch,  and  to  oblervations,  3 or  4 thoufand 
years  before  Chrill  ; and  many  other  inftaiices  are  there 
adduced,  of  their  critical  knowledge  in  the  other  ma- 
thematical fciences,  employed  in  their  precepts  and 
calculations. 

Ailronomy,  it  feems,  too,  was  not  unknown  to  the 
Americans;  though  in  their  divifion  of  time,  they  made 
ufe  only  of  the  folar,  and  not  of  the  lunar  motions.  And 
that  the  Mexicans,  in  particular,  had  a llrange  predi- 
ledlion  for  the  number  13,  by  means  of  which  they 
regulated  almoll  every  thing ; their  lliortell  periods 
confilled  of  13  days;  their  cycle  of  13  months,  each 
containing  20  days  ; and  their  century  of  4 periods,  of 
13  years  each  : and  this  excclTive  veneration  for  the 
number  13,  arofe,  according  to  Siguenza,  from  its  be- 
ing the  number  of  their  greater  gods.  And  it  is  very 
remarkable,  that  the  Abbe  Clavigero  aC'erts  it  as  a fa6l, 
that,  having  difeovered  the  excefs  of  a few  hours  in  the 
folar  above  the  lunar  year,  they  made  ufe  of  intercalary 
days,  to  bring  them  to  an  equality,  as  ellablilhed  by 
Julius  Caefar  in  the  Roman  Calendar  ; but  with  this 
difference,  that,  inllead  of  one  day  every  4 years,  they 
interpofed  15  days  every  52  years,  which  produces  the 
fame  efFedt. 

Moft  authors  however  fix  the  origin  of  ailronomy 
and  allrology,  either  in  Chaldea  or  in  Egypt ; and  ac- 
cordingly among  the  ancients  we  find  the  word  Chaldean 
often  ufed  for  allronomer,  or,  which  was  the  fame  thing, 
allrologer.  Indeed  both  of  thefe  nations  pretended  to 
a very  high  antiquity,  and  claimed  the  honour  of  pro- 
ducing the  firlt  cultivators  of  this  fcience.  Tlie  Chal- 
deans boalled  of  their  temple  or  tower  of  Belus,  and  of 
Zoroaller,  w’hom  they  placed  5000  years  before  the  de  - 
Eruflion  of  Troy  ; while  the  Egyptians  boalled  of  their 
colleges  of  priells,  where  ailronomy  was  taught,  and 
of  the  monument  of  Olymandyas,  in  which,  it  is  faid, 
there  was  a golden  circle  of  36^  cubits  in  circumference, 
and  one  cubit  thick,  divided  into  363  equal  parts  ac- 
cording to  the  days  of  the  year,  &c. 

It  is,  indeed,  evident,  that  both  Chaldea  and  Egypt 
were  countries  very  proper  for  altronomical  obfei  vations, 
on  account  of  the  extended  flatnefs  of  the  country,  and 
the  purity  and  ferenity  of  the  air.  The  tower  of  Belus, 
or  cA  Babel  itlelf,  of  a great  height,  was  probably  an 
aftronomical  obiervatory;  and  the  hTty  pyramids  of 
Egypt,  whatever  they  were  originally  deligned  for, 
might  perhaps  anfwer  the  fame  purpofe  ; and  at  leall 
they  (hew  the  Ikill  of  this  people  in  pradtical  ailronomy, 
as  they  arc  all  placed  with  their  four  fronts  exa<ftly 


facing  the  cardinal  poiirts  of  the  compafs.  The  Char 
deans  certainly  began  to  make  obfervations  foon  ailer 
the  confiifion  of  languages,  as  appears  from  the  ob- 
fervations  found  there  on  the  taking  of  Babylon  by  Alex- 
ander ; and  it  is  probable  they  began  much  earlier,  ft 
hence  appears  that  they  had  determined,  with  tolerable 
exadlnefs,  the  length  both  of  a periodical  and  fynodical 
month.  They  had  alfo  difeovered,  that  the  motion  of 
the  moon  was  not  uniform  ; and  they  even  attempted 
to  alfign  thofe  parts  of  the  orbit  in  which  the  motion  is 
quicker  or  flower.  We  are  alfo  allured  by  Ptolemy 
that  they  were  not  unacquainted  with  the  motion  of  tlic 
moon’s  apogee  and  nodes,  the  latter  of  which  they  fup- 
pofed  made  a complete  revolution  in  6585}  days,  or  a 
little  more  than  18  years,  and  contained  223  complete 
lunations,  which  period  is  called  the  Chaldean  Saros. 
From  Flipparchus,  the  fame  author  alfo  gives  us  feveral 
obfervations  of  lunar  eclipfes  made  at  Babylon  above 
720  years  before  Chrill,  And  Arillotle  Informs  us, 
that  they  had  many  occultations  of  the  planets  and  fixed 
Ears  by  the  moon  ; a circumllance  which  led  them  to 
conceive  that  eclipfes  of  the  fun  were  to  be  attributed 
to  the  fame  caufe.  They'  had  alfo  no  inconfiderablc 
fliare  in  arranging  the  liars  into  conllellatlons.  Nor  had 
even  thofe  eccentilc  bodies  the  comets  efcaped  their 
obfervatlon  ; for  both  Diodorus  Siculus  and  Appollinus 
Myndicus,  Seneca  informs  us,  accounted  thefe  to  be 
permanent  bodies,  having  Hated  revolutions  as  well  as 
the  planets,  but  in  much  more  extenfive  orbits  ; althougl^ 
others  of  them  were  of  opinion,  that  the  comets  were 
only  meteors  raifed  very  higli  in  the  air,  which,  blazing 
for  a wliile,  difappear  when  the  matter  of  which  they 
confill  is  confumed  or  difperfed.  The  bi'anch  of  dialling 
was  alfo  pra<^ifed  among  them  long  before  the  Greeks 
were  acquainted  with  that  fcience. 

The  Egyptians,  it  appears  from  various  circumllances, 
were  much  of  the  fame  Handing  in  Ailronomy  as  the 
Chaldeans.  Herodotus  aferibes  their  knowledge  in  the 
fcience  to  SefoHris ; probably  not  the  fame  whom 
Newton  makes  contemporary  with  Solomon,  as  they 
were  acquainted  with  ailronomy  at  lead  many  hundred 
years  before  that  irra.  We  learn,  from  the  tcHimony 
of  fume  ancient  authors,  many  particulars  relative  to  the 
Hate  of  their  knowledge  in  aHronomy  ; fuch  as,  that 
they  believed  the  figure  of  the  earth  was  fpherical ; 
that  the  moon  wasecllpfed  by  pafiing  through  the  earth’s 
fliadow,  though  it  does  not  certainly  appear  that  they 
had  any  knowledge  of  the  true  fyllem  of  the  univerfe  ; 
that  they  attempted  to  meafure  the  magnitude  of  the 
earth  and  fun,  though  their  methods  of  afeertaining  the 
latter  were  very  erroneous  ; and  that  tliey  even  pre- 
tended to  foretel  the  appearance  of  comets,  as  well  as 
earthquakes  and  Inundations  ; and  tlie  fame  is  alfo  af- 
feribed  to  the  Chaldeans  ; though  thefe  mull  probably 
have  been  rather  a kind  of  allrological  predidtions,  than 
obfervations  drawn  from  aHronomy,  properly  fo  called. 

This  fcience  however  fell  into  great  decay  with  tlie 
Egyptians,  and  in  the  time  of  the  emperor  Augufius, 
it  was  entirely  cxtindl  among  them. 

From  Chaldea  and  Egypt  the  fcience  of  aHronomy 
palled  into  Phenicia,  which  this  people  applied  to  tlic 
purpofes  of  navigation,  Heering  their  courfe  by  tlie 
north  polar  Har  ; and  lienee  they  became  maHers  of 
the  fea,  and  of  almoH-all  the  commerce  in  the  world, 
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The  Greeks,  it  is  probable,  derived  their  adronorni- 
cal  knowledge  chiefly  from  the  Egyptians  and  Pheni- 
clans,  by  means  offeveral  of  their  countrymen  who vifited 
thefe  nations,  for  the  pnrpofe  of  learning  the  different 
fciences.  Newton  fuppofes  that  mofl  of  the  condella- 
tions  were  invented  about  the  time  of  the  Argonautic 
expedition  ; but  it  is  more  probable  that  they  were,  at 
lead  mod  part  of  them,  of  a much  older  date,  and  de- 
rived from  other  nations,  though  cloatlied  in  h\bles  of 
their  own  invention  or  application.  Several  of  the  con- 
dellations  are  mentioned  by  Hefiod  and  flomer,  the  two 
■mod  ancient  writers  among  the  Greeks,  anci  who  lived 
about  870  years  before  Chrld,  Their  knowledge  in 
this  fcicnce  however  was  greatly  improved  by  Thales 
the  Milclian,  and  other  Greeks,  who  travelled  into 
Egypt,  and  brought  from  thence  the  chief  principles 
of  the  fcience.  Thales  was  born  about  640  years  before 
Ghrid  ; and  he,  fird  of  all  among  the  Greeks,  obferved 
the  dars,  thefoldices,  the  eclipfes  of  the  fun  and  moon, 
and  predidfed  the  fame.  And  the  fame  was  farther  cul- 
tivated and  extended  by  his  fucceffors  Anaximander, 
Anaximanes,  and  Anaxagoras  ; but  mod  efpecially  by 
Pythagoras,  who  was  born  577  years  before  Chrid,  and 
having  redded  for  feveral  years  in  Egypt,  &c,  brought  from 
thence  the  learning  of  thefe  people,  faught  the  fame 
in  Greece  and  Italy,  and  founded  the  fCcf  of  the  Pytha- 
goreans. He  taught  that  the  fun  was  in  the  centre  ot  the 
univerfe  ; that  the  earth  was  round,  and  people  had  an- 
tipodes ; that  the  moon  reflected  the  rays  of  the  fun,  and 
was  inhabited  like  the  earth  ; that  comets  were  a kind  of 
wandering  dars,  difappearing  in  the  further  parts  of  their 
orbits  ; that  the  white  colour  of  the  milky-way  was 
owing  to*  the  united  brlghtnefs  of  a great  multitude  of 
fmall  dars  ; and  he  fuppofed  that  the  didances  of  the 
moon  and  planets  from  the  earth,  were  in  certain  har- 
monic proportions  to  one  another. 

Philolaus,  a Pythagorean,  who  flourifhed  about  470 
years  before  Chrid,  aflferted  the  annual  motion  of  the 
earth  about  the  fun  ; and  not  long  after,  the  diurnal 
motion  of  the  earth  on  her  own  axis,  was  taught  by  Hl- 
cetas,  a Syracufan.  About  the  fame  time  flourifhed  at 
Athens,  Meton  and  Eudfemon,  where  they  obferved  the 
fummer  foldice  432  years  before  Chrid,  and  obferved 
therifings  and  fettings  of  the  liars,  and  what  feafons  they 
anfwered  to.  Meton  alfo  invented  the  cycle  of  19  years, 
which  dill  bears  his  name. 

Eudoxus  the  Cnidian  lived  about  370  years  before 
Chrid,  and  was  accounted  one  of  the  moftfl^ilful  adro- 
Bomers  and  geometricians  of  antiquity,  being  accounted 
the  inventor  of  many  of  the  propofltions  in  Euclid’s  Ele- 
ments, and  having  introduced  geometry  into  the  fcience 
of  adrouomy.  He  travelled  into  Afia,  Africa,  Sicily, 
and  Italy,  for  improvements  in  adronomy;  and  we  are 
informed  by  Pliny,  that  he  determined  the  annual  year 
to  contain  365  days  6 hours,  that  he  determined  alfo 
the  periodical  times  of  the  planets,  and  made  other  im- 
portant obfervations  and  difeoveries. 

^ Calippus  flourifhed  foon  after  Eudoxus,  and  his  celef- 
tlal  fphere  is  mentioned  by  Arldotle  ; but  he  is  better 
known  by  a period  of  76  which  he  invented,  containing 
4 correfted  Metonic  periods,  and  which  commenced  at 
the  fummer  foldice  in  the  year  330  beforeChrid.  About 
his  time  the  knowledge  of  the  Pythagorean  fydem  was 


carried  into  Italy,  Gaul,  and  Egypt,  by  certain  colo- 
nies of  Greeks. 

However,  the  introdudfion  of  Adronomy  into  Greece 
Is  reprefented  by  Vitruvius  in  a manner  fomewhat  dif- 
ferent. He  maintains,  that  Berofus,  a Babylonian,, 
brought  it  immediately  from  Babylon  itfelf,  and  opened 
an  adronomical  fchool  in  the  ifle  of  Cos.  And  Pliny 
lays,  that  in  confideration  of  his  wmnderful  predi^iions, 
tl/e  Athenians  ereCfed  him  a datue  in  the  gymnalium, 
with  a gilded  tongue.  But  if  this  Berofus  be  the  fame 
with  the  author  of  the  Chaldaic  hiilories,  he  mud  have 
lived  before  Alexander. 

After  the  death  of  this  conqueror,  the  fciences  flou* 
rifhed  chiefly  in  Egypt,  under  the  aufpices  of  Ptolemy 
Philadelphus  and  his  fucceffors.  He  founded  a fchool 
there,  wEich  continued  to  be  the  grand  feminaiy  of  learn- 
ing, till  the  invafion  of  the  Saracens  in  the  year  of  Chrid. 
650,  From  the  founding  of  that  fchool,  the  fcience  of 
adronomy  advanced  conliderably.  Aridarchus,  about 
270  years  before  Chrid,  llrenuoully  afferted  the  Pytha- 
gorean fydem,  and  gave  a method  of  determining  the 
fun’s  didance  by  the  dichotomy  of  the  moon. — Erato- 
fthenes,  who  was  born  at  Cyiene  in  the  year  271  before 
Chrid, meafured  the  circumferenceofthe  earth  by  means 
of  a'  gnomon  ; and  being  invited  to  Alexandria,  front 
Athens,  by  Ptolemy  Euergetes,  and  made  keeper  of  the 
royal  library  there,  he  fet  up  for  that  Prince  thofe  armil- 
lary fpheres,  which  Hipparchus  and  Ptolemy  the  adro- 
nomer  afterwards  employed  fo  fuccefsfully  in  obferving 
the  heavens.  He  alfo  determined  the  didance  between  the 
tropicsto  be  I y ofthe  whole  meridian  circle,  which  makes 
the  obliquity  of  the  ecliptic  In  his  time  to  be  23°  5 I'-j . 
The  celebrated  Archimedes,  too,  cultivated  adronomy, 
as  well  as  geometry  and  mechanics : he  determined  the 
didances  of  the  planets  from  one  another,  and  condrudf- 
ed  a kind  of  planetarium  or  orrery,  to  reprefent  the  phe- 
nomena and  motions  of  the  heavenly  bodies. 

To  pafs  by  feveral  others  of  the  ancients,  who  prac- 
tiffd  or  cultivated  adronomy,  moreorlefs,  w^g  find  that 
Hipparchus,  who  flourifhed  about  140  years  before 
Chrift,  was  the  firil:  wEo  applied  himfelf  to  the  dudyof 
every  part  of  adronomy,  and,  as  we  are  informed  by 
Ptolemy,  made  great  improvements  in  it : he  difeovered' 
that  the  orbits  of  the  planets  are  eccentric,  that  the  mooiT 
moved  flower  in  the  apogee  than  in  her  perigee,  and^ 
thal  there  was  a motion  of  anticipation  of  the  moon’s 
nodes  : he  condrudfed  tables  of  the  motions  of  the  fun 
and  moon, colledled  accounts  offuch  eclipfes,  &c,  as  had 
been  made  by  the  Egyptians  and  Chaldean?,  and  calcu- 
lated all  that  wTre  to  happen  for  600  years  to  come  : he 
diicoveredthat  thefixed  dars  changedtheir  places, having 
a flow  motion  of  their  own  from  well  to  ead:  he  corredl- 
ed  the  Calippic  period,  and  pointed  out  feme  errors  in 
the  method  of  Eratodhenes  for  meafuring  the  circum- 
ference of  the  earth  : he  computed  the  fun’s  didance 
more  accurately  than  any  of  his  predeceffors  : but  his 
chief  woi-k  is  a catalogue  which  he  made  of  the  fixed 
dars,  to  the  number  of  1022,  with  their  longitudes,  la- 
titudes, and  apparent  magnitudes  ; which,  with  mod 
of  his  other  obfervations,  are  preferved  by  Ptolemy  in 
his  Almageft. 

1 here  was  but  little  progrefs  made  in  adronomy  from 
the  time  of  Hipparchus  to  that  of  Ptolemy,  who  was 
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fcorn  at  Pdunum  i*!>  Egypt,  in  thefird  century  of  Ghrif- 
tianity,  and  who  rhade  the  greateft  part  of  his  obferva- 
tions  at  the  celebrated  fchool  of  Alexandria  in  that  coun- 
try. Profiting  of  thofe  of  Hipparchus  and  other  an- 
cient aftronomers,  he  formed  a fyftem  of  his  own,  which, 
tlioiigh  erroneous,  was  followed  for  many  ages  by  all  na- 
tions. He  compiled  a great  work,  called  the  Alinageft, 
which  contained  the  obfervations  and  collections  of  Hip- 
parchus and  others  his  predecefibrs  in  aftronomy,  on 
which  account  it  will  ever  be  valuable  to  the  profefibrs 
©fthat  fcience.  This  work  was  preferved  from  the  grie- 
vous conflagration  of  the  Alexandrine  library  by’ the  Sa- 
racens, and  tranflated  out  of  Greek  into  Arabic  in  the 
year  827,  and  from  thence  into  Latin  in  1230.  The 
Greek  original  was  not  known  in  Europe  till  the  begin- 
ning of  the  15th  century’,  when  it  was  brought  from 
Confliantineple,  then  taken  by  the  Turks,  by  George, 
a monk  of  Trapezoncl,  by  whom  it  was  tranflated  into 
Latin;  and  various  other  editions  have  been  fince  made. 

During  the  long  period  from  the  year  800  till  the  be- 
ginning of  the  14th  century,  the  weftern  parts  of 
Europe  were  immerfed  in  grofs  ignorance  and  barbarity, 
while  the  Arabians,  profiting  by’  the  books  they  had 
preferved  from  the  wreck  ot  the  Alexandrine  library’, 
cultivated  and  improved  all  the  fciences,  and  particularly 
that  of  aftronomy,  in  which  they  had  many  able  profef- 
forsand  authors.  The  caliph  A1  Manfurfirft  introduced 
a tafte  for  the  fciences  into  his  empire.  His  grandfou 
A1  Mamun,  who  afeended  the  throne  in  814,  was  a 
great  encourager  and  improver  of  the  fciences,  and  ef- 
pecially  of  aftronomy.  Having  conftruCled  proper  in- 
ftiTiments,  he  made  many  obfervations  ; determined  the 
obliquity  of  the  ecliptic  to  be  23®  35' ; and  under  his 
aufpices  a degree  of  the  circle  of  the  earth  was  meafured 
a fecond  time  in  the  plain  of  Singar,  on  the  border  of 
the  Red  Sea.  About  the  fame  time  Alferganus  wrote 
elements  of  aftronomy  ; and  the  fcience  was  from  hence 
greatly  cultivated  by  the  Arabians,  but  principally  by 
Albategnlus,  whofiourlfhed  about  the  year  880,  and  who 
greatly  reformed  aftronomy’-,  by  comparing  his  own  ob- 
fervations with  thofe  of  Ptolemy:  hence  he  computed  the 
motion  of  the  fun’s  apogee  from  Ptolemy’s  time  to  his 
own  ; fettled  the  preceffion  of  the  equinoxes  at  one 
degree  in  70  years  ; and  fixed  the  obliquity  of  the  ecliptic 
at  23®  3^^.  The  tables  which  hecompofed,  for  the  me- 
ridian of  Arafta,  were  long  efteemed  by  the  Arabians. 
After  his  time,  though  the  Saracens  had  many  eminent 
aftronomers,  feveral  centuries  elapfed  without  producing 
any  very’  valuable  obfervations,  excepting  thole  of  fome 
cclipfes  obferved  by  Ebn  Younis,  aftronomer  to  the 
caliph  of  Egypt,  by  means  of  which  the  quantity 
of  the  moon’s  acceleration  fince  that  time  may  be  deter- 
mined. 

Other  eminent  Arabic  aftronomers,  were,  Arza- 
chel  a Moor  of  Spain,  who  obferved  the  obliquity 
of  the  ecliptic  : he  alfo  improved  Trigonometry 
by  conftrucling  tables  of  fines, inftead  of  chords  of  arches, 
dividing  the  diameter  into  3CO  equal  parts.  And  Alha- 
zen,  his  contemporary,  who  wrote  upon  the  twilight, 
the  height  of  the  clouds,  the  phenomenon  of  the  hori- 
zontal moon,  and  who  firft  fhewed  the  importance  of  the 
theory  of  refractions  In  aftronomy. 

Ulug  Beg,  grandfon  of  the  celebrated  Tartar  prince 
Tamerlane, was  a great  proficient  In  practical  aftronomy; 


he  had  very  large  Inftruments,  particularly  a quadrant 
of  about  180  feet  high,  with  which  he  made  good  ob- 
fervations. From  thefe  he  determined  the  latitude  of 
Samercand,  his  capital,  to  be  39°  37'  23^^^;  and  com 
pofed  aftronomical  tables  for  the  meridian  of  the  fame” 
fo  exaCt,  thatthey  differ  very  little  from  thofe  conftruCb- 
ed  afterwards  by  Tycho  Brahe  ; but  his  principal  work 
w'as  his  catalogue  of  the  fixed  liars,  made  alfo  from  his. 
own  obfervations  in  the  year  1437. 

During  this  period,  almoft  all  Europe  was  immerfed 
In  grols  ignorance.  But  the  fettlemcnt  of  the  MoorS' 
In  Spain  Introduced  the  fciences  Into  Europe  ; from 
W’hicli  time  they  have  continued  to  improve,  and  to  be 
communicated  from  one  people  to  another,  to  theprefent 
time,  when  aftronomy  and  all  the  fciences,  have  arriv- 
ed at  a very  eminent  degree  of  perfeClion.  The  em- 
peror Frederick  11,  about  1230,  firft  began  to  encou- 
rage learning  ; reltorlng  fome  decayed  univerfities,  and- 
founding  a new  one  in  Vienna  : he  alfo  caufed  the  works 
of  Ariftotle,  and  Ptolemy’s  Almageft,  to  be  tranflated 
into  Latin  ; and  from  the  tranflation  of  this  w’ork  we 
may  date  the  revival  of  aflronomy  In  Europe.  d\vo 
years  after  this,  John  de  Sacro  Bofco,that  is,  of  Halifax, 
compiled,  from  Ptolemy,  Albategnlus,  Alferganus, 
and  other  Arabic  aftronomers,  liis  work  De  Sphevrny 
w'hich  was  held  in  the  greateft  ellimatlon  for  300  years 
after,  and  was  honoured  with  commentaries  by  Clavius 
and  other  learned  men.  In  1 240,  Alphonfo,  king  ©f 
Callile,  not  only  cultivated  aftronomy  hImfelF,  but 
greatly  encouraged  others  ; and  by  the  afliltance  of  fe- 
veral learned  men  he  correcled  the  tables  of  Ptolemy, 
and  compofed  thofe  which  were  denominated  from  him 
the  Alphonline  Ta])les.  About  the  fame  time  alfo, 
Roger  Bacon,  an  Engllfh  monk,  wrote  feveral  tradls 
relative  to  aftronomy,  particularly  of  the  lunar  afpetfts, 
the  folnr  rays,  and  the  places  of  the  fixed  ftars.  And, 
about  the  year  1270,  Vitello,  a Polander,  compofed  a 
treatife  011  optics,  in  which  he  fhewed  the  ule  of  re- 
fraftions  in  aftronomy. 

Little  other  Improvement  was  made  in  aftronomy  till 
the  time  ofPurbach,  who  was  born  in  1423.  He  com- 
pofed new  tables  of  fines  for  every  10  minutes,  making 
the  radius  60,  with  four  ciphers  annexedi  He  con- 
flructed  fpheres  and  globes,  and  wrote  feveral  aftrono- 
mical tradls  ; as,  a commentary  on  Ptolemy’s  Alma- 
geft ; fome  treatifes  on  Aiithmetl(^  and  Dialling,  with 
tables  for  various  climatts  ; new  tables  of  the  fixed  ftars 
reduced  to  the  middle  of  that  centuiy  ; and  he  corredfed. 
the  tables  of  the  planets,  making  new  equations  to  them 
where  the  Alphonfinq  tables  were  erroneous.  In  his 
folar  tables,  he  placed  the  fun’s  apogee  in  the  beginning 
of  Cancer  ; but  retained  the  obliquity  of  the  ecliptic 
23°  33  \ as  determined  by  thelateft  obfervations.  Pie 
alfo  obferved  fome  eclipfes,  made  new  tables  for  com- 
puting them,  and  had  juft  finiftied  a theory  of  the  pL- 
iiets,  when  he  died  in  1462,  being  only  39  years  of 
age. 

Purbach  was  fucceeded  in  his  aftronomical  and  mathe- 
matical labours  by  his  pupil  and  friend,  John  Muller, 
commonly  called  Regiomontanus,  from  Monteregio, 
or  Koningfberg,  a town  of  Franconia,  where  he  w’as 
born.  He  completed  the  epitome  of  Ptolemy’s  Alma- 
geft, which  Purbach  had  begun  ; and  after  the  death 
of  Ills  friend,  was  invited  to  Rome,  where  he  made  many 
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ailroncniical  obr<^rvations.  Being- returnee!  to  Nurem- 
berg in  147  I,  by  the  encouragement  of  a wealthy  citizen 
named  IVernard  Walther,  h,e  made  feveral  iidhimients 
for  adronomicai  obfervations,  amon<r '’^Tbich  was  an  ar- 
nrillar)  allrolabe,  like  that  ufed  at  AleKandria  by  Hip- 
parelias  and  Ptolemy,  with  -which  he  made  many  obfer- 
\-ilions,  ufing  alfo  a good  clock,  which  was  then  but  a 
late  invention.  He  made  ephemerides  for  50  yeara  to 
come,  ihewing  the  lunations,  eclipfes,  ; and,  the 
art  of  printing  having  then  been  lately  invented,  he 
• printed  the  works  of  many  of  the  moil  celebrated  ancient 
, adronomers.  He  wrote  the  Theory  of  the  Planets  and 

V 

Comets,  and  atreatife  on  triangles,  dill  in  repute  , far  le- 
vcral  good  theorems  ; computing  the  table  of  fines  for 
every  fingle  minute,  to  the  radius  loooooo,  and  in- 
troducing the  iife^of  tangents  alfo  into  trigonometry. 
After  his  death,  which  happened  at  Rome  in  1476, 
being  only  40  years  of  age,  Walther  collected  his  papers, 
,and  continued  the  adronomicai  obfervations  till  hisowm 
-death  alfo.  The  ohfervations  of  both  were  colledled  by 
‘Order  of  the  fenate  of  Nuremberg,  and  publiflied  there 
,in  1544  hy  John  Schoner.:  they  were  ^fo  afterwards 
publidied  in  J6i8by  Snellius,  at  the  end  of  the  obfer- 
vations made  by  the  Landgrave  of  HelTe ; and  ladly 
with  thofe  of  Tycho  Brahe  in  1666. 

Walther  was  fucceeded,  as  adronomerat  Nuremberg, 
by  John  Werner,  a clergyman.  He  obferved  the  motion 
of  the  comet  in  i e-o  ; and  wrote  feveral  traifls  on  geo- 
metry, adronomy,and  geography,  in  a maderly  manner; 
the  mod  remarkable  of  which,  are  thofe  concerning  the 
-motion  of  the  8th  fphere,  or  of  the  fixed  dars  ; in  this 
traed,  by  comparing  his  own  obfei-vations,  made  m 
1514,  with  thofe  of  Ptolemy,  Alphonfus,  and  others, 
he  fliewed  that  the  motion  of  the  fixed  dars,  fince  called 
’the  precefiion  of  the  equinoxes,  is  i®  lo'  in  100  years. 
He  made  alfo  thedrd  darof  Aries  26®  didant  from  the 
<?quino<dial  point,  and  the  obliquity  of  the  ecliptic  only 
.23®  28'.  He  conftruded  a planetarium,  reprefenting 
the  celedial  motions  according  to  the  Ptolemaic  hypo- 
thefis;  and  he  publifhed  a tranflation  of  Ptolemy’s 
Geography,  wkh  a commentary,  in  which  he  fird  pro- 
pofed  the  method  of  finding  the  longitude  at  fea  by 
.obferving  the  moon’s  didance  from  the  fixed  dars  ; now 
fo  fuccefsfully  pradifed  for  that  purpofe.  Werner  died, 
in  1528,  at  60  years  of  age. 

Nicolaus  Copernicus  w^as  the  next  who  made  anycon- 
'fiderable  figure  in  adronomy,  by  whom  indeed  the  old 
Pythagorean  fydemofthe  w'^orld  was  redored,  which 
had  been  till  now  fet  afidc  from  the  time  of  Ptolemy. 
About  the  year  1507  Copernicus  conceived  doubts  of 
tliis  fydem,  and  entertained  notions  about  the  true  one, 
which  he  gradually  Improved  by  a feries  of  adronomicai 
-obfervations,  and  the  contemplation  of  former  authors. 
By  tliefe  he  formed  new  tables,  and  completed  liis 
work  in  the  year  1530,  containing  thefe,  and  his  re- 
novation of  the  true  fydem  of  the  imiverfe,  in  which 
all  the  planets  are  confidcred  as  revolving  about  the 
fun,  placed  in  the  centre.  But  the  work  was  only 
printed  in  1543,  underthe  care  of  Schoner  and  Ofiander, 
by  the  title  of  Re^olutlones  Orhium  CaUJliiim  ; and 
•the  author  jufl  received  a copy  of  the  work  a few  hours 
before  his  death,  which  happened  on  the  23^  of  May 
^ 543>  "P  years  of  age. 


After  the  death  of  Copernicus,  the  feience  and  prac- 
tice of  adronomy  were  greatly  improved  by  many  other 
perfons,  as  Schoner,  Nonius,  Appian,  Gemma 'Frifius, 
Rothman,  Byrgius,  the  Landgrave  of  Heffe,  &c, — 
Schoner  reformed  and  explained  the  calendar,  improved 
the  methods  of  making  celedial  obfervations,  and  pub- 
iidied  a treatife  on  cofmography  ; but  he  died  4 years 
^fter  Copernlous. — Nonius  wrote  feveral  works  on  ma- 
thematics, adronomy  and  navigation,  and  invented  fome 
ufeful  and  more  accurate  indruments  than  formerly; 
one  of  thefe  was  the  adronomicai  quadrant,  on  which  he 
divided  the  degrees  into  minutes  by  a number  of  concen- 
tric circles  ; the  fird  of  which  was  divided  in  90  equal 
parts  or  degrees,  the  fecondIntoBq,  thethirdinto  88,  and 
fo  on,  to  z|6  ; fo  that,  the  index  of  the  quadrant  always 
falling  upon  or  near  one  of  the  dlvifions,  the’  minutes 
would  be  known  by  an  eafy  computation. — The  chief 
work  of  xAppian,  ‘The  Cafarean  jyironomy,  was  publifhed 
at  Ingolddatin  1740  ; in  which  he  diews,  how  to  ob- 
•fervethc  places  of  the  dars  and  planets  by  the  adrolabe; 
to  refoive  adronomicai  problems  by  certain  indruments ; 
to  predial  eclipfes,  and  to  deferibe  the  figures  of  them  ; 
and  the  method  of  dividing  and  ufing  an  adronomicai 
quadrant  r at  the  end  are  added  obfervations  of  7 comets, 
one  of  which  has  been  fuppofed  the  fame  with  that  ob- 
ferved by  Hevellus,  and  if  fo,  it  ought  to  have  returned 
again  in  the  year  1789  ; — but  it  was  not  obferved  then. 
Gemma  Frlfius  wrote  a commentary  on  Appian’s  Cof^ 
mogruphy^  accompanied  with  many  obfervations  of  eclip- 
fes ; he  alfo  invented  the  adronomicai  ring-,  and  feveral 
other  indruments,  ufeful  in  taking  obfervations  at 
fea  ; and  he  was  the  fird  who  recommended  a time- 
keeper for  determining  the  longitude  at  fea. — Rheticus 
gave  up  his  profefibrdiip  of  mathematics  at  Wittemberg, 
that  he  might  attend  the  adronomicai  le£fures  of  Coper- 
nicus ; and,  for  improving  adronomicai  calculations,  he 
began  a very  extenfive  work,  being  a table  of  fines,  tan- 
gents and  fecants,  to  a very  large  radius,  and  to  every 
10  feconds,  or  of  a minute  ; which  w’as  completed 
by  his  pupil  Valentine  Otho,  and  publidied  in  1594. 

About  the  year  1561,  William  IV,  Landgrave  of 
Hede  Cadel,  applied  himfelf  to  the  dudy  of  adronomy, 
having  furnlfhed  himfelf  with  the  bed  indruments 
that  could  then  be  made  : with  thefe  he  made  a great 
number  of  obfervations,  which  were  publifhed  by  Snel- 
Hus  in  1618,  and  which  were  preferred  by  Hevellus  to 
thofe  of  Tycho  Brahe.  From  thefe  obfervations  he 
formed  a catalogue  of  400  dars,  with  their  latitudes  and 
longitudes,  adapted  to  the  beginning  of  the  year  1593. 

Tycho  Brahe,  a noble  Dane,  began  his  obfervations 
about  the  fame  time  with  the  Landgrave  of  Hefle,  above- 
mentioned,  and  he  obferved  the  great  conjumkion  of 
Jupiter  and  Saturn  : but  finding  the  ufual  indruments 
very  inaccurate,  he  condrinked  many  others  much 
larger  and  exafter,  wnth  which  he  applied  himfelf 
diligently  to  obferve  the  celedial  phenomena.  In 
1571  he  difeovered  a new  dar  in  the  chair  of  Caffiopeia  ; 
which  induced  him,  like  Hipparchus  on  a fimllar  oc- 
cafion,  to  make  a new  catalogue  of  the  dars  ; which 
lie  compofed  to  the  number  of  777,  and  adapted  their 
places  to  the  year  i6co.  In  the  year  1576,  by  favour 
of  the  king  of  Denmark,  he  built  his  new  obfervatory, 
ciilled  Uraniburg,  on  the  fmall  idand  Huenna,  oppofite 
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to  Copenhagen,  and  which  he  verj’’  amply  furni/hed  with 
many  large  inftruments,  fomc  of  them  fo  divided  as 
to  fhew  fingle  minutes,  and  in  others  the  arch  might  be 
read  off  to  lO  feconds.  One  quadrant  was  divided  ac- 
cording to.  the  method  invented  by  Nonius,  that  is,  by 
47  concentric  circles  ; but  mod  of  them  were  divided 
by  diagonals ; a method  of  divifion  invented  by  a Mr. 
Richard  Chancelcr,  an  Engliihman.  Tycho  employed 
his  time  at  Uraniburg  to  the  bed  advantage,  till  the 
death  ©f  the  king,  when,  falling  into  diferedit,  he  was 
obliged  to  remove  to  Holftein  ; and  he  afterwards  found 
means  of  introducing  himfelf  to  the  Emperor  Rodolph, 
wdth  whom  he  continued  at  Prague  till  the  time  of  his 
death  in  1601. — It  is  well  known  that  Tycho  was  the 
inventor  of  a fyftcm  of  aftronomy,  a kind  of  Semi-Pto- 
lemaic,  wdiich  he  vainly  endeavoured  to  edablidi  iiiflead 
of  the  Copernican  or  true  fyltem.  His  works,  however, 
W’hich  are  very  numerous,  fhew  that  he  was  a man  of 
great  abilities  ; and  his  difeoveries,  together  wdth  thofe 
of  Purbach  and  Regiomontanus,  were  collefted  and 
publifhed  together  in  1621,  by  Longomontanus,  the 
favourite  difciple  of  Tycho. 

While  Tycho  refided  at  Prague  with  the  emperor, 
he  prevailed  on  Kepler  to  leave  the  univerfity  of  Glatz, 
and  to  come  to  him,  which  he  did  wdth  his  family  and 
library  in  i6co:  but  Tycho  dying  in  1601,  Kepler  en- 
joyed all  his  life  the  title  of  mathematician  to  the  Em- 
peror, who  ordered  him  to  finifh  the  tables  of  Tycho 
Brahe,  which  he  did  accordingly,  and  publifhed  them 
in  1627,  under  the  title  of  Rodolphine.  He  died  about 
the  year  1630  at  Ratifbon,  where  he  was  foliciting  the 
arrears  of  his  pcnfion.  From  his  own  obfervations, 
and  thofe  of  Tycho,  Kepler  difeovered  feveral  of  the 
true  laws  of  nature,  by  which  the  motions  of  the  celef- 
tial  bodies  are  regulated.  He  difeovered  that  all  the 
planets  revolved  about  the  fun,  not  in  circular,  but  in 
elliptical  orbits,  having  the  fun  in  one  of  the  foci  of  the 
cUipfe  ; that  their  motions  were  not  equable,  but  vary'- 
ing,  quicker  or  flower  as  they  were  near  to  the  fun  or 
farther  from  him  ; but  that  this  motion  was  fo  regulated, 
that  the  areas  deferibed  by’’  the  variable  line  drawn  from 
the  planet  to  the  fun,  are  equal  in  equal  times,  and  al- 
ways proportional  to  the  times  of  deferibing  them.  He 
alio  difeovered,  by  trials,  that  the  cubes  of  the  dlflances 
of  the  planets  from  the  fun,  were  in  the  fame  propor- 
tion as  the  fquares  of  their  periodical  times  of  revolution. 
By  obfervations  alfo  on  comets,  he  concluded  that  they 
are  freely  carried  about  among  the  orbits  of  the  planets, 
in  paths  that  are  nearly  reftilinear,  but  which  he  could 
not  then  determine.  Befldes  many  other  difeoveries, 
wdiich  are  to  be  found  in  his  writings. 

In  Kepler’s  time  there  were  many  other  good  pro- 
ficients in  aflronomy  ; as  Edward  Wright,  baron  Napier, 
John  Bayer,  &c.  Wright  made  fever'al  good  meridi- 
onal obfervations  of  the  fun,  with  a quadrant  of  6 feet 
radius,  in  the  year's  1594,  1395,  and  1596;  from  which 
he  greatly  improved  the  theory  of  the  fun’s  motion,  and 
computed  more  accurately  his  declination,  than  any 
perfon  had  done  before.  In  1599  he  publifhed  alfo  an 
excellent  work  entitled  “ Certain  Errors  in  Navigation 
difeovered  and  detected,”  containing  a method  which 
has  commonly,  though  errorieoufly,  been  afcribed  to 
Mercator. — To  Napier  we  owe  fome  excellent  theorems 
and  improvements  in  fpherics,  befides  the  ever  memo* 
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rable  invention  of  logarithms,  one  of  the  mofl  urtfu"^ 
ever  made  in  the  art  of  numbering,  and  of  the  gi'eatelF 
ufe  in  all  the  other  mathematical  fciences. — Bayer,  a 
German,  publifhed  his  Uranometriay  being  a complete 
eeletlial  atlas,  or  the  figures  of  all  the  conflellations  vi- 
fible'in  Europe,  with  the  flars  marked  on  them,_and 
the  flars  alfo  accompanied  by  names,  or  the  letters  of 
the  Greek  alphabet ; a eontnvance  by  which  the  ftars 
may  eafily  be  referred  to  with  ditlinAnefs  and  precifion. 
— About  the  fame  time  too,  aflronomy  was  cultivated 
by  many  other  perfons ; namely'’,  abroad  by  Mercator, 
Maurolycus,  Maginus,  Homelius,  Schultet,  Stevin, 
Galileo,  &c  ; and  in  England  by  Thomas  and  Leonard 
Higges,  John  Dee,  Robert  Flood,  Harriot,  &c. 

The  beginning  of  the  17th  century  was  particu- 
larly dillinguifhed  by  the  invention  of  telcfcopes,  and 
the  application  of  them  to  aflronomical  obfervations  ; 
an  invention  to  which  we  owe  the  mofl  brilliant  difeo- 
veries,  and  all  the  accuracy  to  which  the  fcience  is  now 
^brought.  The  more  diflinguifhed  early  obfervations 
with  tlie  telefcope,  were  made  by  Galileo,  Harriot, 
Huygens,  Hook,  CafTini,  &c.  It  is  faid  that  from  re- 
port only,  and  before  he  had  feen  one,  Galileo  made  for 
himfelf  telefcopes,  by  which  he  difeovered  inequalities 
in  the  moon’s  furfacc,  Jupiter’s  fatellites,  and  the  ring 
of  Saturn  ; alfo  fpots  on  the  fun,  by  which  he  found' 
out  the  revolution  of  that  luminarv  on  his  axis  ; and  he 
difeovered  that  the  nebulse  and  milky  way  were  full  of 
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fmall  flars.  Harriot  alfo,  who  has  hitherto  been  known 
only  as  an  algebraill,  made  much  the  fame  difeoveries  as 
Galileo,  and  as  early,  if  not  more  fo,  as  appears  by  his 
papers  not  yet  printed,  in  the  poffellion  of  the  earl  of 
Egremont. 

Mr.  Horrox,  a young  aflronomer  of  great  talents, 
made  conliderabic  difeoveries  and  improvements.  In^ 
1633  he  found  out  that  the  planet  Venus  would  pafs 
over  the  fun’s  dife  on  the  24th  of  November,  1639  ; an 
event  which  he  announced  only  to  his  friend  Mr.  Crab- 
tree ; and  thefe  two  were  the  only'  perfons  in  the  world 
that  obferved  this  tranlit,  which  was  alfo  the  firil  time 
it  had  ever  been  feen  by  mortal  eyes.  Mr.  Horrox., 
made  alfo  many  other  ufeful  obfervations,  and  had  even 
formed  a new  theoiy  of  tlie  moon,  taken  notice  of  by 
Newton  ; but  his  early  death,  in  the  beginning  of  the 
year  1640,  put  a Rop  to  his  ufeful  and  valuable  labours. 

About  the  fame  time  flourifhed  Hevelius,  Burgoniaf- 
ter  of  Dantzic,  who  furnifhed  an  excellent  obfervatorv 
in  his  own  lioufe,  where  he  obferved  the  fpots  and 
phafes  of  the  moon,  from  which  obfei-vations  he  com- 
piled his  Seleuogrnphia  ; and  an  account  (;F  his  apparatus 
is  contained  in  his  work  entitled  Machina  Calejlis-,  a 
book  now  very  fcarce,  as  mofl  of  the  copies  wei  e acci- 
dentally burnt,  with  the  whole  houfe  and  appaiatus,  in 
1679.  Flevelius  died  in  1688,  aged  76.  ^ 

Dr.  Flook,  a contemporary' of  Hevelius,  invented 
inflruments  with  telefcopic  fights,  and  cenfured  thofe 
of  the  latter  ; which  occafioned  a fharp  difpute  between 
them,  and  to  fettle  which  the  celebrated  Dr.  Halley 
was  fent  over  to  Hevelius  to  examine  his  inflruments. 
The  two  aflronomers  made  feveral  obfervations  toge- 
ther, very  much  to  their  fatisfaction,  and  amongR 
them  was  one  of  an  occiiltation  of  Jupiter  by  the  moon,, 
w'hen  they  determined  the  diameter  of  the  latter  to  be« 
3^'  33-" 

Before 


! 


AST 


AST  [ 160  1 


Before  the  middle  of  the  17th  century  the  conftruc- 
tiou  of  telefcopes  had  been  greatly  improved,  particu- 
larly by  Huygens  and  Fontana.  The  former  conftrufted 
one  of  123  feet,  with  which  he  long  obfervedthe  moon 
and  planets,  and  difcovered  that  Saturn  was  encompaffed 
with  a ring.  With  telefcopes  too,  of  200  and 
focus,  Caliini  faw  five  fatellites  of  Saturn,  with  his 
zones  or  belts,  and  the  fliadows  of  Jupiter’s  fatellites 
palling  over  his  body.  In  1666  Azout  applied  a mi- 
crometer to  telefcopes,  to  meafure  the  diameters  of  the 
planets,  and  other  fmall  diftances  in  the  heavens?  but  an 
inllrument  of  this  kind  had  been  invented  before,  by 
Mr.  Gafcoigne,  though  it  w^as  but  little  known  abroad. 

To  obviate  the  difficulties  of  the  great  lengths 
of  refrabting  telefcO'pes  and  the  aberration  of  the  rays, 
it  is  faidthat  Merfennus  firfl  darted  the  idea  of  mak-^ 
ing  telefcopes  of  reflecdorfr,  inltead  of  lenfes,  in  a letter 
to  Defcartes  ; and  in  1663  James  Gregory  of  Aber- 
deen Ihewedhow  fuch  a telefcope  might  be  conftrucbed-. 
After  fome  time  fpent  alfo  by  Newton,  on  the  con- 
llrudlion  of  both  forts  of  telefcopes,  he  found  out  the 
great  inconvenience  which  arifes  to  refraftors  from  the 
different  refranglbility  of  the  rays  of  light,  for  which  he 
could  not  then  find  a remedy  ; and  therefore,  purfuing 
the  other  kind,  in  the  year  1672  he  prefented  to  the 
Royal  Society  two  refleifors,  which  v/ere  conftrubted 
with  fpherical  fpeculiims,  as  he  could  not  procure  other 
figures.  The  inconveniences  however  arifing  from  the 
different  refrangibility  of  the  rays  of  light,  have  fmce 
been  fully  obviated  by  the  ingenious  Mr.  Dollond. 
Towards  the  latter  part  of  the  17th,  and  beginning  of 
the  1 8th  century,  practical  aflronomy  it  feems  rather 
languifhed.  But  at  the  fame  time  the  fpeculative  part 
was  carried  to  the  hlgheft  perfeflion  by  the  immortal 
Newton  in  his  Principia,  and  by  the  Aflronomy  of 
David  Gregory. 

Soon  after  this  however,  great  improvements  of  aflro- 
nomical  inftruments  began  to  take  place,  particularly  in 
Britain.  Mr.  Graham,  a celebrated  mechanic  and  watch- 
maker, not  only  improved  clocks  and  watch  wo-rk,  but 
alfo  carried  the  accuracy  of  aftronomical  inflruments  to 
a furprifmg  degree.  He  conflrufled  the  old  8 feet 
mural  arch  at  the  Royal  Obfervatory  Greenwich,  and  a 
fmall  equatorial  feflor  for  making  obfervations  out  of  the 
meridian  ; but  he  is  chiefly  remarkable  for  contriving 
the  zenith  feflor  of.  24  feet  radius,  and  afterwards  one 
of  12-1  feet,  with  which  Dr.  Bradley  difcovered  the 
aberration  of  tlie  fixed  flars.  The  reflecling  telefcope 
of  Gregory  and  Newton,  was  greatly  improved  by  Mr. 
Hadley,  who  prefented  a very  powerful  inllrument  of 
that  kind  to  the  Royal  Society  in  I'lq.  The  fame 
gentleman  has  alio  immortalized  Iris  memoi'y  by  the 
invention  of  the  refledling  quadrant  or  feclor,  now  called 
by  his  name,  which  he  prefented  to  the  hiciety  in  17^1? 
and  which  is  now  fo  unlverfally  ufeful  at  fea,  efpecially 
w'here  nice  obfervations  are  required.  It  ajrpears  how- 
ever that  an  inllrument  fimllarto  this  in  its  principles, 
liad  been  invented  by  Newton  j and  a defeription  w'ith 
a drawing  of  it  given  by  him  to  IJr.  Halley,  when  he 
was  pi-eparing  for  lifs  voyage  in  1701,  to  dilcover  the 
variation  of  the  needle?  it  has  alfo  been  afierted  that  a 
Mr.  Godfrey  of  Philadelphia  in  America,  made  the  fame 
difeovtry,  and  the  fu  ll  inflrument  of  this  kind.  About 
the  middle  of  this  century,  the  conflructing  and  dividing 
of  large  aflronomlcal  Inflruinente  were  carried  to  great 
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perfcdlion  by  Mr.  John  Bird  ; and  refle(5l:ing  teleffiopTis 
wTi'e  not  lefs  improved  by  Mr.  Short,  who  alfo  firfl  ex'* 
ecuted  the  divided  objedi-glafs  micrometer,  which  had 
been  propofed  and  defcribed  by  M.  Louville  and  others. 
Mr.  Dollond  alfo  brought  refra61ing  telefcopes  to  the 
greatefl  perfeAion,  by  means  of  his  acromatic  glaffes-; 
and  lately  the  difeoveries  of  Herfchcl  are  owing  to  the 
'amazing  powers  of  refletflors  of  his  own  conflrudlion. 

Thus  the  aftronomical  improvements  in  the  prefent 
century,  have  been  chiefly  owing  to  the  foregoing  in- 
ventions and  Improvements  in  the  Inftruments,  and  to 
the  eftablifliment  of  regular  qbfervatories  in  England, 
France,  and  other  parts  of  Europe.  Roemer,  a cele- 
brated Datiifh  Aftronomer,  firft  made  ufe  of  a meridional 
telefcope  ; and,  by  obferving  the  eclipfes  of  Jupiter’s 
fatellites,  he  firft  difcovered  the  progreffive  motion  of 
light,  concerning  which  he  read  a dlfTeitatlon  before 
the  Academy  of  Sciences  at  Paris  in  ibyy. — Mr.  Fiam- 
fteed  was  appointed  the  firft  Aftronomer  Royal  at 
Greenwich  in  ibyj.  He  obferved,  for  44ye.ars,  all 
the  celeftial  phenomena,  the  fun,  moon,  planets,  and 
fixed  ftars,  of  all  which  he  gave  an  improved  theory  and 
tables,  viz,  a catalogue  of  3000  ftars  with  their  places-, 
to  the  year  1689;  alfo  new'^  folar  tables,  and  a theory  of 
the  moon  according  to  Horrox  ; likewufc,  in  Sir  Jonas 
Moore’s  Syftem  of  Mathematics,  he  gave  a curious 
tr-aft  an  the  dodlrine  of  the  fphere,  Ihewdng  how,  geo- 
metrically to  co-nftruft  eclipfes  of  the  fun  and  moon,  *as 
well  as  occiiltntions  of  the  fixed  ftars  by  the  moon.  And 
it  was  upon  his  tables  that  w'ere  conftrutled,  both  Hal- 
ley’s tables,  and  Newton’s  theory  of  the  moon. — Caffini 
alfo,  the  firft  French  Aftronomer  Royal,  very  much 
diftinguiflied  himfelf,  making  many  obfervations  on  the 
fun,  moon,  planets  and  comets,  and  greatly  improved 
the  elements  of  their  motions.  He  alfo  eredled  the  gno- 
mon, and  drew  the  celebrated  meridia-n  line  in  the  church 
of  Petronia  at  Bolop;nai. 

In  1719  Mr.  Flamftecd  was  ftacceeded  by  Dr.  Halley, 
as  Aftrononi'er  Royal  at  Greenw'ich.  ..The  Do6lor  had 
been  fent  at  the  early  age  of  2 1 to  the  ifland  of  St, 
Helena,  to  obferve  the  fouthern  ftars,  and  make  a cata- 
logue ol  them,  which  was  publilhed  In  1679.  1705 

he  publiflied  his  Syrtopfis  AJlronomuv  Cometica,  in  which 
lie  ventured  to  prediift  the  return  of  a comet  in  1758  or 
1759.  ^'bo  difcovered  the  acceleration 

of  th  e moon,  and  he  gaVe  a very  ingenious  metliod  for 
finding  her  parallax  by  three  obferved  phafes  of  a folar 
eclipfe.  He  publilhed,  in  the  Phllofopbical  Tranfac- 
tions,  many  learned  papers,  and  amongft  them  fome  that 
were  concerning  tlie  ufe  that  might  be  made  of  the  next 
tranfit  of  Venus  In  determining  the  di  fiance  of  the  fun 
from  the  earth.  He  compofed  tables’of  the  fun,  moon, 
and  all  the  planets,  which  arc  ftillin  great  repute  ; with 
which  he  compared  the  obfervations  he  made  of  the 
moon  at  Greenwich,  amounting  to  near  1 500,  and  noted 
the  differences.  He  recommended  the  metliod  of  de- 
termining the  longitude  by  the  moon’s  diftances  from 
the  fun  and  eertmn  fixed  ftars;  a method  which  had 
before  been  noticed,  and  wfliicb  has  fmce  been  carried 
into  execution,  more  particularly  at  the  iulianGe  of  the 
prefent  Aftronomer  Royal. 

About  this  time  a difpute  arofe  concerning  the  figure 
of  the  earth.  Sir  Ifaac  Newton  had  determined,  from 
a confideration  of  ^le  laws  of  gravity,  and  the  diurnal 
motion  of  the  eaith,  that  the  figure  cf  it  was  an  oblate 
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fpheroid,  and  flatted  at  the  poles:  but  Caflini  had  de- 
termined) from  the  raeafures  of  Picart,  that  the  figure 
was  an  oblong  fpheroid,  or  lengthened  at  the  poles. 
To  fettle  this  difpute,  it  was  refolved,  under  Lewis  XV, 
to  meafure  two  degrees  of  tlm  meridian  ; one  near  the 
equator,  and  the  other  as  near  the  pole  as  polTible.  For 
this  purpofe,  the  Royal  Academy  of  Sciences  fent  to 
Lapland,  Mefs.  Maupertiiis,  Clairanlt,  Camus,  and  Le 
Monier  ; being  alio  accompanied  by  the  Abbe  Outhier, 
and  by  M.  Celfus,  profelfor  of  anatomy  at  PTpfal.  And 
on  the  fouthern  expedition  were  fent  Mefs.  Godin, 
Condamine,  and  Bouguer,  to  whom  the  king  of  Spain 
joined  Don  George  Juan  and  Don  Antonio  de  Ulloa. 
'I'hefe  fet  out  in  1735,  and  returned  at  different  times  in 
1744,  17+5^5  ^74^  5 former  party,  who  fet 

out  only  In  1736,  returned  the  year  following  ; having 
both  fulfilled  their  commiffions.  PIcart’s  meafure  was 
alfo  revifed  by  Cafiini  and  De  la  Callle,  which  after 
his  errors  were  correfted,  was  found  to  agree  very  well 
with  the  other  two  ; and  the  lefult  of  the  whole  ferved 
to  confirm  the  determination  of  the  fioTire  before  laid 
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down  by  Newton. — On  the  fouthern  expedition,  It  was 
found  that  the  attradllon  of  the  great  mountains  of 
Peru  had  a fenfible  effedl  on  the  plumb-line  of  one  of 
their  largell  inftruments,  dfcflcdling  it  7 or  8 feconds 
from  the  true  perpendicular. 

On  the  death  of  Dr.  Halley,  In  1742,  he  was  fuc- 
ceeded  by  Dr.  Bradley,  as  Aftronomer  Royal  at  Green- 
wich. The  accuracy  of  his  obfervations  enabled  him  to 
deteef  the  fmallcr  inequalities  in  the  motions  of  the  pla- 
nets and  fixed  flars.  The  confeqnence  of  this  accuracy 
was,  the  difcovei*y  of  the  aberration  of  light,  the  nuta- 
tion of  the  earth’s  axis,  and  a much  greater  degree  of 
perfedfion  in  the  lunar  tables.  He  alfo  obferved  the 
places,  and  computed  the  elements  of  the  comets  which 
appeared  in  the  years  1723,  1736,  i 743,  and  i 757.  He 
made  new  and  accurate  tables  of  the  motions  of  Jupiter's 
fatellites ; and  from  a multitude  of  obfervations  of  the 
luminaries,  he  conflrucled  the  mofl  accurate  table  of 
refradlions  yet  extant.  Alfo,  with  a very  large  tranfit 
inftrument,  and  a new  mural  quadrant  of  8 feet  radius, 
conftrudled  by  IMr.  Bird  in  1750,  he  made  an  itnmenfe 
■number  of  obfervations  for  fettling  the  places  of  all  the 
ftars  in  the  Britifh  catalogue,  together  with  near  1500 
places  of  the  moon,  the  greater  part  of  which  he  com- 
pared with  Mayei-’s  tables.  Dr.  Bradley  died  In  1 762. 

In  the  mean  time  the  mathematicians  and  aftronomei-s 
clfewhere  were  afhduous  in  their  endeavours  to  promote 
the  fclence  of  aftronomy.  The  theory  of  the  moon  was 
particularly  confideredby  Meffrs  Clairault,  D’Alembert, 
Euler,  Meyer,  Simpfon,  and  Walmfly,  and  efpecially 
Clairault,  Euler,  aiid  Mayer,  who  computed  complete 
lets  of  lunar  tables  ; thofe  of  the  lad  of  thefe  authors, 
for  their  fuperior  accuracy,  were  rewarded  witli  a pre- 
mium of  3G00  pounds  by  the  Board  of  Longitude,  wlio 
brought  them  into  ufe  in  the  computation  of  the  Nau- 
tical Ephemeris,  publilhed  by  that  Board. — The  mod 
accurate  tables  of  the  fatellites  of  Jupiter  were  compofed, 
from  obfervations  by  Mr.  Wargentin,  an  excellent  Svve- 
dlfli  adronomer. — Among  the  many  French  aflronomers 
who  contrlbitcd  to  the  advancement  of  the  fcience,  it 
was  particularly  indebted  to  M-  De  la  Caille,  for  an 
excellent  fet  of  folar  tables.  And  in  1750  he  went  to 
the  Cape  of  Good  Hope  to  make  obfervations  in  concert 
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with  the  mod  celebrated  adronomers  in  Europe,  for 
determining  the  parallax  of  Mars  and  the  moon,  and 
thente,  that  of  the  fun,  which  it  was  concluded  did  not 
much  exceed  10  feconds.  Here  he  re-examined  and 
adjuded,  with  great  accuracy,  the  dars  about  the  foiith- 
ern  pole  ; and  alfo  meafured  a degree  of  the  meridian. 
— In  Italy  the  fcience  was  afiiduoufly  cultivated  by  Bi- 
anchini,  Bofcovich,  Frifi,  Manfredi,  Zanotti,  and  many 
others;  in  Sweden  by  Wargentin  already  mentioned, 
Blingenllern,  Mallet,  and  Planman  ; and  in  Germany 
by  the  Eulers,  Mayer,  Lambert,  Grifehow,  andotliers. 

In  the  year  1760  all  the  learned  Societies  in  Europe 
made  preparations  for  oblerving  the  tranfit  of  Venus 
over  the  fun,  which  had  been  predidled  by  Dr.  Halley 
more  than  80  years  before,  and  the  ule  that  might  be 
made  of  It  in  determining  tlie  fun’s  parallax,  and  the 
dIfiances  of  the  planets  from  the  fun.  And  the  fame 
exertions  were  repeated,  to  oblerve  the  tranfit  In  1769, 
by  fending  ohfervers  to  different  parts  of  the  world,  for 
the  more  convenience  in  obferving.  And  from  the  whole, 
Mr.  Short  computed  that  tl;e  fun’s  parallax  was  nearly 
8|  feconds,  and  confequently  the  diilance  of  the  fun 
from  the  earth  about  241 14  of  the  earth’s  diameters, 
or  96  millions  of  miles. 

Dr.  Bradley  was  fucceeded,  in  1762,  in  his  office  of 
Aftronomer  Royal,  by  Mr.  Blifs,  Savilian  profeflbr  of 
aftronomy  ; who  being  in  a declining  ffate  of  health, 
did  not  long  enjoy  it.  But,  dying  in  176^,  was  fuc- 
ceeded by  the  learned  Nevil  Mafkelyne,  D.  D.  the  pre- 
fent  Aftronomer  Royal,  who  has  difeharged  the  duties 
of  that  office  with  the  greatefl  honour  to  himfelf,  and 
benefit  to  the  fcience.  In  January  1761  this  gentleman 
was  fent  by  the  Royal  Society,  at  a very'  early  age,  to 
the  Ifland  of  St.  Helena,  to  obferve  the  tranfit  of  Ve- 
nus over  the  fun,  and  the  parallax  of  the  flar  Sirius.  The 
firft  of  thefe  objedls  partly  failed,  by  clouds  preventing 
the  fight  of  the  2d  internal  contadt ; and  the  2d  alfo, 
owing  to  Mr.  Short  having  fufpended  the  plumbline  by 
a loop  from  the  neck  of  the  central  pin.  However,  our 
affronomer  indemnified  himfelf  by  many  other  valuable 
obfervations:  Thus,  he  obferved  at  St.  Helena,  the  tides; 
the  horary  parallaxes  of  the  moon  ; and  the  going  of  a 
clock,  to  find,  by  comparlfon  with  its  previous  going 
which  had  been  obferved  in  England,  the  difference 
of  gravity  at  the  two  places  : alfo,  in  going  out  and 
returning,  he  praclifcd  the  method  of  finding  the  lon- 
gitude by  the  lunar  difiances  taken  with  a Hadley’s 
Quadrant,  making  out  rules  for  tlie  ufe  of  feamen,  and 
taught  the  method  to  the  officers  on  board  the  fiu’p  ; 
which  he  afterwards  explained  in  a letter  to  the  Secre- 
tary of  the  Royal  Society,  inferted  in  the  Philof.  Tranf. 
for  the  year  1762,  and  ftill  more  fully  afterwards,  in  the 
Britlfii  Mariner’s  Guide,  which  he  publBhed  in  the  year 
1763.  He  returned  from  St.  Helena  in  the  fpring  of 
1762,  after  a ftay  thereof  10  months;  and  in  Septem- 
ber 1763  failed  for  the  ifiand  of  Barbadoes,  to  fettle  the 
longitude  of  the  place,  and  to  compare  Mi.  Harrifon’s 
watch  with  the  time  there  when  this  gentleman 
fhould  bring  it  out  : another  objecf  was  alfo  to  try  Mr. 
Irwin’s  marine  chair,  which  he  did  in  his  way  out. 
While  at  Barbadoes,  he  alfo  made  many  other  obferva- 
tions, and  amongfi  them,  many  relating  to  the  moon’s 
horary  parallaxes,  not  yet  publilhed.  Returning  to 
England  in  the  latter  part  of  the  year  1764,  he  was 
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appointed  in  1765  to  fucceed  Mr.  Blifs  as  Aftronomer 
Koyal,  and  immediately  recommended  to  the  Board  of 
Longitude  the  lunar  method  of  finding  the  longitude, 
and  propofed  to  them  the  projedt  of  a Nautical  Almanac, 
to  be  calculated  and  publilhed  to  facilitate  that  method; 

’ this  they  agreed  to,  and  the  firfi  vol.  was  publilhed  for 
1767,  and  it  has  continued  ever  fince  under  his  direc- 
tion, to  the  great , benefit  of  navigation  and  univcrfal 
commerce. 

A multitude  of  other  ufeful  writings  by  this  gentle- 
man are  inferted  in  the  volumes  of  the  Philof,  Tranf. 
and  particularly  in  confequence  of  a propofal,  made  by 
him  to  the  Royal  Society,  the  noble  projea  was  formed 
of  meafuring  very  accurately  the  effedf  of  fome  mountain 
on  the  plumb  line,  in  defleding  it  from^  the  perpendicu- 
lar ; and  the  mountain  of  Schehallien,  in  Scotland,  hav- 
ing been  found  the  moft  c.onvenicnt  in  this  ifland  for  the 
purpofc,  at  the  requell  of  the  Society,  he  went  into 
Scotland  to  condudt  the  bufinefs,  which  he  performed 
in  the  moll  accurate  manner,  Ihewing  that  the  fum  of 
the  defledlions  on  the  two  oppofite  Tides  was  about  1 1-| 
fecdnds  of  a degree  ; and  proving,  to  the  fatisfadlion  of 
the  whole  world,  the  univerfal  attraction  of  all  matter. 
From  the  data  refulting  from  thefe  meafures  I have  com- 
puted the  mean  denlity  of  the  whole  matter  in  the  earth, 
which  I have  found  to  be  about  4^  times  that  of  com- 
mon water.  Eefides  many  learned  and  valuable  papers 
in  the  Philofophical  TranfaClIons,  and  the  moft  affiduous 
exertions  in  the  duties  of  the  obfervatory,  as  abundantly 
appears  by  the  curious  and  voluminous  obfervations 
which  he  has  publilhed,  the  world  is  particularly  ob- 
liged to  his  endeavours  with  the  Board  of  Longitude, 
for  the  publication  of  the  Nautical  Ephemeris,  and  the 
method  of  obfervlng  the  longitude,  by  the  diftances  of 
the  moon  and  liars,  now  adopted  by  all  nations,  and  by 
which  the  praClice  of  Navigation  has  been  brought  to 
the  greatell  perfection. 

Finally,  the  difcoverles  of  Dr.  Herfchel  form  a new 
asra  in  'aftronomy.  He  firll.  In  1781,  began  with  ob- 
fervations on  the  periodical  liar  in  Collo  Cett^  and  a new 
method  of  meafuring  the  lunar  mountains,  none  of 
which  he  made  more  than  half  a mile  in  height : and, 
having  conftriiCled  telefcopes  vallly  more  powerful  than 
any  former  ones,  he  proceeded  to  other  obfervations, 
concerning  which  he  has  had  fcveral  papers  printed  in 
the  Philofophical  TranfaClions  ; as,  on  the  rotation  of 
the  planets  round  their  axes  ; On  the  parallax  of  the 
fixed  liars;  Catalogues  of  double,  triple,  &c  liars;  On 
the  proper  motion  of  the  fun  and  folar  fyftem ; On  the 
remarkable  appearances  of  the  folar  regions  of  the  pla- 
net Mars.  &c.  And,  above  all,  his  difeovery  of  a new 
primary  planet,  on  the  13th  of  March  1781,  which  he 
calls  the  Georgian  Planet^  but  it  is  named  the  Planet 
Herfchel  hy  the  French  and  other  foreign  aftronomers  ; 
by  which,  and  its  two  fatellites,  which  he  has  alfo  dlf- 
covered  fince  that  time,  he  has  greatly  enlarged  the 
bounds  of  the  folar  fyftem,  this  new  planet  being  more 
than  twice  as  far  from  the  fun  as  the  planet  Saturn. 

Lifts  and  hiftorical  accounts  of  the  principal  writings 
and  authors  on  aftronomy  are  contained  in  Weldleris 
Hillory  of  Aftronomy,  which  is  brought  down  to  the 
year  1737*  There  is  alfo  Bailly’s  Hillory  of  aftronomy, 
ancient  and  modern.  For  this  purpofe,  confult  alfo 
the  following  authors,  viz,  Adam,  Voflius,  Bayle, 
Chauffepie,  Niceron,  Perraut,  the  chronological  table  of 


RiccioH,  and  that  of  Sherburn,  at  the  end  of  his  edition 
of  Manilius  ; alfo  the  firll  volume  of  l)e  la  Lande’s 
aftronomy.  The  more  modern,  and  popular  books  on 
aftronomy,  are  very  numerous,  and  well  known ; as 
thofe  of  Fergufon,  Long,  Emerfon,  Vince,  Dela  Lande, 
Leadbetter,  Brent,  Keil,  Whifton,  Wing,  Street,  &c, 

&cC. 

ASTROSCOPE,  a kind  of  aftronomical  inftrnment, 
compofed  of  two  cones,  on  the  furface  of  which  arc  de- 
lineated the  coriftellations,  with  their  liars,  by  means  of 
which  thefe  may  eafily  be  known  in  the  heavens.  The 
aftrofeope  was  invented  by  Wilham  Shukhard,  profeflbr 
of  mathematics  at  Tubingen,  upon  which  he  publilhed 
a treatife  in  1 698, 

ASTROSCOPIA,  the  art  of  obferving  and  examin- 
ing the  ftars,  by  means  of  telefcopes,  to  difeover  their 
nature  and  properties. 

ASTROTHEMATA,  the  places  or  pofitions  of 
the  ftars,  in  an  aftrological  fcheme  of  the  heavens. 

ASTROTHESIA,  is  ufed  by  fome  for  a conftella- 
tion  or  colledlion  of  ftars  in  the  heavens. 

ASTRUM,  or  Astron,  a conllellation,  or  aflem- 
blage  of  ftars:  in  which  fenfe  it  is  diftinguifhed  from 
AJler,  which  denotes  a fingle  liar.  Some  apply  the  term, 
in  a more  particular  fenfe,  to  the  Great  Dog,  or  rather 
to  the  large  bright  ftar  in  his  mouth. 

ASYMMETRY,  the  want  of  proportion,  otherwife 
called  incommenfur ability,  or  the  relation  of  two  quan- 
tities which  have  no  common  meafure,  as  between  i and 
a/z,  or  the  fide  and  diagonal  of  a fquare. 

ASYMPTOTE,  is  properly  a right  line,  which  ap- 
proaches continually  nearer  and  nearer  to  fome  curve, 
whofe  afympote  it  is  fald  to  be,  in  fuch  fort,  that  when 
they  are  both  indefinitely  produced,  they  are  nearer 
together  than  by  any  aflignable  finite  dlftance;  or  it  may 
be  confidered  as  a tangent  to  the  curve  when  conceived 
to  be  produced  to  an  infinite  diftance.  Two  curves  arc 
alfo  faid  to  be  afymptotical,  when  they  thus  continu- 
ally approach  indefinitely  to  a coincidence  : thus,  two 
parabolas,  placed  with  their  axes  in  the  fame  right  linCj 
are  afymptotes  to  one  another. 

Of  lines  of  the  fecond  kind,  or  curves  of  the  firll  kind, 
that  is  the  conic  feftions,  only  the  hyperbola  has  afymp- 
totes, which  are  two  in  number.  All  curves  of  the 
fecond  kind  have  at  leaft  one  afymptote  ; but  they  may 
have  three.  And  all  curves  of  the  third  kind  may  have 
four  afymptotes.  The  conchoid,  ciflbld,  and  logarithmic 
curve,  though  not  reputed  geometrical  curves,  have  each 
one  afymptote.  And  the  branch  or  leg  of  a curve  that 
has  an  afymptote,  is  faid  to  be  of  the  hyperbolic  kind. 

The  nature  of  afymptotes  will  be  eafily  conceived 
from  the  Inftance  of  the  afymptote  to  the  conchoid. 
Thus,  if,  ABC  &c  be  part  of  a conchoid,  and  the  line 
MN  be  fo  drawn  that  the  parts  FB,  GC,  HD,  IE,  &c, 
of  right  lines,  drawn  from  the  pole  P,  be  equal  to  each 
other;  then  will  the  line  MN  be  the  afymptote  of  the 
curve  ; becaufe  the  perpendicular  Cc  is  fhorter  than  FB, 
and  D^  than  Cr,  &c;  fo  that  the  two  lines  continually 
approach;  yet  the  points  E^  &c  can  never  coincide. 
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Asymptotes  of  the  Hyperbola  are  tlius  defcribed. 
Suppofe  a right  line  DE  drawn  to  touch  the  curve  in 
any  point  A,  and  equal  to  the  conjugate  de  of  the  di- 
amete  ACB  drawn  to  that  point  A,  viz,  AD  or  AE 
equal  to  the  feiniconjugate  Qd  or  Ce  j then  the  two 
lines  CDF,  CEH,  drawn  from  the  centre  C,  through 
the  points  D and  E,  are  the  two  afymptotes  of  the 
curve. 
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The  parts  of  any  right  line,  lying  between  the  curve 
of  the  common  hyperbola  and  its  afymptotes,  are  equal 
to  one  another  on  both  fides,  that  is,  = /jH.  In 
like  manner,  in  hyperbolas  of  the  fecond  kind,  if  there 
be  drawn  any  right  line  cutting  both  the  curve  and  its 
three  afymptotes  in  three  points,  the  fum  of  the  two 
parts  of  that  right  line  extended  in  the  fame  diredlion 
from  any  two  of  the  afymptotes  to  two  points  of  the 
curve,  Is  equal  to  the  third  part  which  extends  in  the 
contrary  diredlion  from  the  third  afymptote  to  the  third 
point  of  the  curve. 

If  AGK  be  an  hyperbola  of  any  kind,  whole  nature, 
\\Tth  regard  to  the  curve  and  afymptote,  is  expreffed  by 
this  general  equation  where  ;ris  = CF, 

and = FG  drawn  any  where  parallel  to  the  other  afymp- 
tote CH  ; and  the  parallelogram  CFG  I be  completed: 
Then  m — n is  to  w,  as  this  parallelogram  CFG  I Is  to  the 
hyperbolic  fpace  FGK,  contained  under  the  determinate 
line  FG,  with  the  afymptote  FK  and  the  curve  GK, 
both  Indefinitely  continued  towards  IC.  So  that.  If  m be 
greater  than  n,  the  fald  afymptotic  fpace  Is  finite  and 
quadrable  : but  when  pj  = n,  as  In  the  common  or  co- 
nic hyperbola,  then  m — n = o,  the  ratio  of  that  fpace 
to  the  fald  parallelogram.  Is  as  n to  o : that  is,  the  hy- 
perbolic fpace  is  infinitely  great,  In  refpe<ft  of  the  finite 
parallelogram  : and  when  m Is  lefs  than  //,  then,  m — n 
being  negative,  the  afymptotic  fpace  is  to  the  determi- 
nate parallelogram,  as  a pofitive  number  is  to  a negative 
one,  and  is  what  Dr.  Wallis  calls  more  than  infinite. 

As  YMPTOTE  of  the  Logarithmic  Curve.  If 
LMN  be  the  logarithmic  curve,  QON  an  afymptote, 
LQ__^and  MP  ordinates,  MO  a tangent,  and  PO  the 
fubtangent,  which  In  this  curve  Is  a confiant  quantity. 
Then  the  indeterminate  fpace  LMNQ^Is  equal  to  LQ^ 
X PO,  the  redlangle  under  the  ordinate  LQ^and  the 
confiant  fubtangent  PO  ; and  the  foil'd  generated  by  the 
rotation  of  that  curve  fpace  about  the  afymptote  NQ^ 
is  equal  to  half  the  cylinder,  whole  altitude  Is  the  faid 
confiant  fubtangent  PO,  and  the  radius  of  Its  bafe  is 
LQ^ 

Asymptotes,  by  fome,  are  difilnguifiied  into  va- 
rious orders.  The  afymptote  is  faid  to  be  of  the  firfi 
order,  when  it  coincides  with  the  bafe  of  the  curvilinear 
figure  : of  the  2d  order,  when  it  is  a right  line  parallel 
to  the  bafe  : of  the  3d  order,  when  it  is  a right  line  ob- 
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lique  to  the  bafe  : of  the  4th  order,  when  it  is  the  com- 
mon parabola,  having  its  axis  perpendicular  to  the  bafe  : 
and,  in  general,  of  the  n ^ order,  when  it  is  a para- 
bola whofe  ordinate  is  always  as  the  11  power  of  the  bafe. 
The  afymptote  is  oblique  to  the  bafe,  when  the  ratio 
of  the  firfi  fluxion  of  the  ordinate  to  the  fluxioirof  the 
bafe,  approaches  to  an  afiignable  ratio,  as  its  limit ; but 
it  is  parallel  to  the  bafe,  or  coincides  with  it,  when  this 
limit  is  not  affignable. 

The  doflrine  and  determination  of  the  afymptotes 
of  curves.  Is  a curious  part  of  the  higher  geometry. 
Fontenelle  has  given  feveral  theorems  relating  to  this 
fubjedf.  In  his  Geometrie  de  V Infiiii.  See  alfo  Stirling's 
Lmea  ‘Tertii  Ordinis^  prop,  vi,  where  the  fubjedl  of 
Afymptotes  is  learnedly  treated  ; and  Cramer’s  Intro- 
dutVwn  a lanalyfe  dcs  lignes  courhes^  art.  147  £3*  feq,  for 
an  excellent  thcoiy  of  afymptotes  of  geometrical  curves 
and  their  branches.  Likewlfe  Maclaurin’s  Algebra, 
and  his  Fluxions,  book  i,  chap.  10,  where  he  has  care- 
fully avoided  the  modern  paradoxes  concei  ning  infinites 
and  Infinitefimals.  But  the  eafieft  way  of  determining 
afymptotes,  it  feems,  is  by  confidering  them  as  tan- 
gents to  tlie  curves  at  an  Infinite  diftance  from  the 
beginning  of  the  abfcifs,  that  is  when  the  abfeifs  a’  is 
infinite  in  the  equation  of  the  curve,  and  In  the  pro- 
portion of  A toji,  or  in  that  of  the  fubtangent  to  the 
ordinate. 

The  areas  bounded  by  curves  and  their  afymptotes, 
though  indefinitely  extended,  have  fometimes  limits  to 
which  they  may  approach  indefinitely''  near:  and  this 
happens  in  hyperbolas  of  all  kinds,  except  the  firfi  or 
Apollonian,  and  in  the  logarithmic  curve  ; as  was  ob- 
ferved  above.  But  in  the  common  hyperbola,  and 
many  other  curves,  the  afymptotical  area  has  no  fuch 
limit,  but  is  infinitely''  great. — Solids,  too,  generated 
by  hyperbolic  areas,  revolving  about  their  afy'^mptotes, 
have  fometimes  their  limits  ; and  lometimes  they  may  be 
produced  till  they  exceed  any  given  folid. — Alfo  the 
fur  face  of  fuch  folid,  when  fuppofed  to  be  infinitely 
produced.  Is  either  finite  or  Infinite,  according  as  the 
area  of  the  generating  figure  Is  finite  or  infinite. 

ATL  AN  TIDES,  a name  given  to  the  Pleiades,  of 
feven  fiars,  fometimes  alfo  called  Vergilise.  I’hey  were 
thus  called,  as  being  fuppofed  by  the  poets  to  have  been 
the  daughters  either  of  Atlas  or  his  brother  Hefperus, 
who  were  tranflated  to  heaven. 

ATMOSPHERE,  a term  ufed  to  fignify  the  whole 
of  the  fluid  mafs,  confifting  of  air,  aqueous  and  other, 
vapours,  elediric  fluids,  &c,  which  furrounds  the  earth 
to  a confiderable  height,  and  partaking  of  all  its  mo- 
tions, both  annual  and  diurnal. 

The  compofitlon  of  that  part  of  our  atmofphere  pro- 
perly called  air,  was  till  lately  but  very  little  known. 
Formerly  it  was  fuppofed  to  be  a Ample,  homogeneous, 
and  elementary '•fluid.  But  the  experiments  of  Dr. 
Prlefiley  and  others,  have  difeovered,  that  even  the  purefi 
kind  of  air,  which  they  call  dephlogifticated,  is  In  real- 
ity a compound,  and  might  be  artificially  produced  in 
various  ways.  This  dephlogillicated  air,  however.  Is 
but  a frnall  part  of  the  compofitlon  of  our  atmofphere. 
By  accurate  experiments,  the  air  we  ufually  breathe.  Is 
compofed  of  only  one-fourth  part  of  this  dephlogifti- 
cated air,  or  perhaps  lefs ; the  other  three  parts,  or 
more,  confifting  of  what  Dr.  Prlefiley  Q^^phlogijlicated^ 
and  M.  I/avoifier  mebhltic  air, 
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Beflde  thefe  forts  of  air,  it  Is  obvious  tliat  the  whole 
mafs  of  the  atmofphere  contains  a great  deal  of 
water,  together  with  a vail  heterogeneous  colledlion  of 
particles  raifed  from  all  bodies  of  matter  on  the  fur- 
face  of  the  earth,  by  effluvia,  exhalations,  See  ; fo 
that  It  may  be  confidered  as  a chaos  of  the  particles  of 
all  forts  of  matter  confufedly  mingled  together.  And 
hence  the  atmofphere  has  been  confidered  as  a large  che- 
mical veffel,  In  which  the  matter  of  all  kinds  of  fub- 
lunary  bodies  is  copiovifly  floating  ; and  thus  expofed 
to  the  continual  aft  ion  of  that  immenfe  furface  tlie  fun  ; 
from  whence  proceed  innumerable  operations,  fublirna- 
tions,  reparations,  compofltions,  digeflions,  iermen- 
tatlons,  putrefraftions,  Sec, 

There  is,  however,  one  fubllance,  namely  the  elec- 
trical fluid,  which  Is  very  dlftlnguiflrable  In  the  mafs  of 
the  atmofphere.  To  meafure  the  abfolute  quantity  of 
this  fluid,  either  in  the  atmofphere  or  any  other  fub- 
llance,  is  perhaps  impoflible  : and  all  that  we  know 
on  this  fubjeft  is,  that  the  eleftrlc  fluid  pervades  the  at- 
mofphere ; that  it  appears  to  be  more  abundant  in  the 
fuperior  than  the  inferior  regions  ; that  it  feems  to  be 
the  immediate  bond  of  conneftion  between  the  atmo- 
fphere and  the  water  which  is  fufpended  In  it  ; and  that 
by  its  various  operations,  the  phenomena  of  hail,  rain, 
fnovv,  lightning,  and  the  other  kinds  of  meteors  arc 
occafloned.  See  thofe  refpeftive  articles  ; and  fee  alfo 
Beccaria’s  Effay  on  Atmofpheric  Eleftricity,  an- 
nexed to  the  Englifh  tranflaflon  of  his  Artiflciul  Elec- 
tricity. 

U/es  of  t^e  At  MOST  HF.RE  — The  ufes  of  the  atmofphere 
are  fo  many  and  great,  that  it  feems  indeed  abfolutely 
necellary,  not  only  to  the  comfort  and  convenience  of 
men,  but  even  to  the  exiftence  of  all  animal  and  vege- 
table life,  and  to  the  very  conftitutlon  of  all  kinds  of 
matter  whatever,  and  without  which  they  would  not 
be  what  they  are  ; for  by  it  we  live,  breathe,  and  have 
our  being;  and  by  Infinuatlng  itfelf  Into  all  the  vacu- 
ities of  bodies,  It  becomes  the  great  fpring  of  moil  of 
the  mutations  here  below ; as  generation,  corruption, 
diffolution,  &c  ; and  without  which  none  of  thefe  ope- 
rations could  be  carried  on.  Without  the  atmofphere, 
no  animal  could  exift,  or  indeed  be  produced  ; neither 
any  plant,  all  vegetation  ceafing  without  Its  aid  ; there 
would  be  neither  rain  nor  dews  to  moiflen  the  face  of 
the  ground  ; and  though  wc  m.Ight  perceive  the  fun 
and  liars  like  bright  fpecks,  we  fhould  be  in  utter  dark- 
nefs,  having  none  of  what  we  call  day  light  or  even 
twilight  : nor  would  either  fire  or  heat  exift  without 
It.  In  fhoit,  the  nature  and  conftitution  of  all  matter 
would  be  changed  and  ceafe  ; wanting  this  univerfal 
bond  and  conftituting  principle. 

By  the  mechanical  force  of  the  atmofphere  too,  as 
well  as  its  chemical  virtues,  many  neceflary  purpofes 
are  anfwered.  We  employ  it  as  a moving  power,  in 
the  motion  of  thips,  to  turn  mills,  and  for  other  fuch 
ufes*  And  It  is  one  of  the  great  difcoverles  of  the  mo- 
dern phllofophers,  that  the  feveral  motions  attributed 
by  the  ancients  to  a fuga  vacui^  are  really  owing  to  the 
preffure  of  the  atmofphere.  Galileo,  having  obferved 
that  there  was  a certain  ftandard  altitude,  beyond  which 
no  Vv'ater  could  be  elevated  by  pumping,  took  an  occafion 
fromthence  to  call  In  queftionthe  doftrine  of  the  fchools, 
which  afci'ibed  the  afeent  of  water  in  pumps,  to  the 


fug^  vacui,  and  Inftead  of  it  he  happily  fubftitiited  the 
hypothefis  of  the  weight  and  preffure  of  the  air.  U 
was  with  him,  Indeed,  little  better  than  an  liypothefis, 
fince  it  had  not  then  thofe  confirmations  from  experi- 
ment, afterwards  found  out  by  his  pupil  Torricelli, 
and  other  fucceeding  phllofophers,  particularly  Mr 
Boyle. 

Nor  have  the  attempts  to  fly  or  float  through  the  arr 
been  altogether  without  fuccefs.  F.  De  Lana 'thought 
he  had  contrived  an  aeronautic  machine  for  navigating 
the  atmofphere  : and  Stuimius,  wfflo  examined  it,  af- 
ferted  that  it  was  not  Imprafticable  : though  Dr  Hook 
w'^as  of  a different  opinion,  and  deleft  ed  the  fallacy  of  the 
contrivance.  Roger  Bacon,  long  before,  propofed 
fomething  of  the  fame  kind*  The  great  fecret  of  this 
art  is  to  contrive  a machine  fo  much  lighter  than  the 
air,  that  it  will  rife  up  and  float  in  the  atmofphere,  and 
together  with  itfelf,  buoy  up  and  carry  men  along  with 
it.  The  principle  on  which  it  is  to  be  effefted  Is,  by 
means  of  an  air  pump,  to  exhauft  the  air  from  a veiy 
thin  and  light,  yet  firm,  metalline  vcffel.  But  the  hopes 
of  fuccefs  in  fuch  an  enterprize  will  appear  very  fmall  if 
It  be  confidered,  that  If  a globe  were  formed  of  brafsof 
the  thicknefs  only  of - 5;  of  an  inch,  fuch  a globe  would 
require  to  be  about  277  feet  in  diameter  to  float  In  the 
air  : and  If,  as  De  Lana  fuppofes,  the  diameter  of  the 
globe  were  but  25  feet,  the  thicknefs  of  the  metal  could 
not  exceed  of  an  inch.  See  Herman’s  Phoronomla 
pa.  158.  However,  what  is  not  to  be  expefted  from 
metalline  globes  or  fhells,  has  now  been  fuccefsfully  ac- 
compllflied  by  the  balloons  of  cloth,  filk,  or  fl^In, 
of  Montgolfier  and  others.  See  the  article  Aerojla* 
tlon,  &c. 

Salubrity  of  the  Atmosphere.  On  the  tops  of 
mountains  the  air  is  generally  more  falubrious  than  in 
pits  or  very  deep  places.  Indeed  denfe  air  is  always 
more  proper  for  refpiration,  as  to  the  mere  quality  of 
denfity  only,  than  that  which  is  rarer.  But  then  the 
air  on  mountains,  though  rarer,  is  freer  from  phlogiftic 
vapours  than  that  of  pits  ; and  hence  it  has  been  found 
that  people  can  live  very  well  on  the  tops  of  mountains,^ 
even  wfflen  the  air  is  but  about  half  the  denfity  of  that 
below.  But  it  would  feem  that  at  forae  intermediate 
height  between  the  two  extremes , the  air  is  the  moft 
falubrious  and  proper  for  animal  life  ; and  this  height, 
according  to  M.  de  Sauffure,  is  about  £00  or  600  yards 
above  the  level  of  the  fea. 

Befides  the  difference  arifingfrom  themere  difference 
of  altitude,  the  falubrity  of  the  atmofphere  is  greatly 
affefted  by  many  other  circumftances.  The  air,  when 
confined  or  ffagnant,  is  commonly  more  impure  than 
when  agitated  and  fliifted  : thus,  all  clofe  places  are 
unhealthy,  and  even  the  air  in  a bed  chamber  is  lefs  fa- 
lubrious in  a morning,  after  It  has  been  flept  in,  than  in 
the  evening.  Dr  White,  in  vol.  68  Phllof.  Tranf. 
gives  an  account  of  experiments  on  this  quality  of  the 
air,  and  remarks  one  inftance  when  the  air  was  particu- 
larly impure,  viz  September  15,  1777  ; when  the  ba- 
rometer flood  at  30’30,  the  thermometer  at  69®  ; the 
air  being  then  dry  and  fultry,  and  no  rain  having  fallen 
for  more  than  two  weeks.  A.flight  fhock  of  an  earth- 
quake was  perceived  that  day.  In  vol.  70  of  the  fame 
Tranfaftions  Dr.  Ingenhoufz  gives  an  account  of  fome 
experiments  on  this  head,  made  in  various  places  and 
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iituations:  be  finds,’’  That  the  air  at  Tea,  and  clofe  to 
if,  is  in  general  purer,  and  fitter  for  animal  life,  than 
tlie  air  on  the  land  but  the  Doftor  did  not  find  much 
difference  between  the  air  of  the  towns  and  of  the  coun- 
try, nor  between  one  town  and  another.  The  Abbe 
Fontana,  made  nearly  the  fame  conclufions,  from  ac- 
curate experiments,  affertlng,  “ that  the  difference  be- 
tween the  air  of  one  country  and  that  of  another,  at 
different  times,  is  much  lefs  than  what  is  commonly  l>e- 
lleved  ; and  yet  that  this  difference  in  the  purity  of  the 
air  at  different  times,  is  much  greater  than  the  difference 
between  the  air  of  the  different  places  obferved  by  him.’^ 
Finally  M.  Fontana  concludes,  that  “ Nature  is  not  fo 
partial  as  we  commonly  believe.  She  has  not  only 
given  us  an  air  alrnofl  equally  good  every  where  at  eveiy 
time,  but  has  allowed  us  a certain  latitude,  or  a power 
of  living  and  being  in  health  in  qualities  of  air  which 
differ  to  a certain  degree.  By  this  I do  not  mean  to 
deny  the  exigence  of  certain  kinds  of  noxious  air  in 
fome  particular  places  ; but  only  fay,  that  in  general 
the  air  is  good  every  where,  and  that  the  fmall  differen- 
ces are  not  to  be  feared  fo  much  as  fome  people  would 
make  us  believe.  Nor  do  I mean  to  fpeak  here  of  thofe 
vapours  and  other  bodies  whicli  are  accidentally  joined  to 
the  common  air  in  particular  places,  but  do  not  change 
its  nature  and  intrinfical  property.  This  Hate'  of  the 
air  cannot  be  known  by  the  tell:  of  nitrous  air  ; and 
thofe  vapours  are  to  be  confidered  in  the  fame  manner 
as  we  lliould  confider  fo  many  particles  of  arfenic  fwim- 
ming  in  the  atmofphere.  In  this  cafe  it  is  the  arfenic, 
and  not  the  degenerated  air,  that  would  kill  tire  animals 
who  ventured  to  breathe  it.” 

Figure  of  the  Atmosphere. — As  the  atmofphere  en- 
velops all  parts  of  the  furface  of  our  globe,  if  they  both 
continued  at  red,  and  were  not  endowed  with  a diurnal 
motion  about  their  common  axis,  then  the  atmofphere 
W'ould  be  exactly  globular,  according  to  the  laws  of 
gravity  ; for  all  the  parts  of  the  furface  of  a fluid  in  a 
date  of  reft,  muft  be  equally  removed  from  its  centre. 
But  as  the  earth  and  the  ambient  parts  of  the  atmofphere 
revolve  uniformly  together  about  their  axis,  the  differ- 
ent parts  of  both  have  a centrifugal  force,  the  tendency 
of  which  is  more  confiderable,  and  that  of  the  centripe- 
tal lefs,  as  the  parts  arc  more  remote  from  the  axis  ; 
and  hence  the  figure  of  the  atmofphere  muft  become  an 
oblate  fpheroid  ; fince  the  parts  that  correfpond  to  the 
equator  are  father  removed  from  the  axis,  than  the 
-parts  which  correfpond  to  the  poles.  Befides,  the  fi- 
gure of  the  atmofphere  muft,  on  another  account,  re- 
prefent  a flattened  fpheroid,  namely  becaufe  the  fun 
ftrikes  more  diredlly  the  air  which  encompaffes  the 
equator,  and  is  comprehended  between  the  two  tropics, 
than  that  which  pertains  to  the  polar  regions  : for,  from 
hence  it  follows,  that  the  mafs  of  air,  or  part  of  the  at- 
mofpherc,  adjoining  to  the  poles,  being  lefs  heated, 
cannot  expand  fo  much,  nor  reach  fo  high.  And  yet, 
notwithftanding,  as  the  fame  force  which  contributes 
to  elevate  tlic  air,  diminifiies  its  gravity  and  preffure  on 
the  furface  of  the  earth,  higher  columns  of  it  about 
the  equatorial  parts,  all  other  circumllances  being 
the  fame,  may  not  be  heavier  than  thofe  about  the 
poles. 

In  the  Tranfaftions  of  the  Royal  Irlfh  Academy  for 
3788  Mr  Kirwin  has  an  ingenious  differtation  on  the 


figure,  heiglit,  weight,  &c,  of  the  atmofphere.  He  ob- 
ferves-  that,  in  the  natural  ftate  of  the  atmofphere,  that 
is,  when  the  barometer  would  every  where,  at  the  level 
of  the  fea,  (land  at  30  inches,  the  weight  of  the  atmo- 
fphere, at  the  furface  of  the  fea,  muft  be  equal  all  over 
the  globe  ; and  in  order  to  produce  this  equality,  as 
the  weight  proceeds  from  its  denfity  and  height,  it  muft 
be  lowelf  v^'here  the  denfity  is  greateft,  and  higheft 
where  the  denfity  Is  leall  ; that  is,  higheft  at  the 
equator  and  loweft  at  the  poles,  with  feveral  intermedi- 
ate gradations. 

Though  the  equatorial  air  however  be  lefs  denfe  to  a 
certain  height  than  the  polar,  yet  at  fome  greater 
heights  it  muft  be  more  denfe  : for  fince  an  equatorial 
and  polar  column  ar-e  equal  in  total  weight  or  mafs,  the 
lower  part  of  the  equatorial  column,  being  more  ex- 
panded by  heat  &c  than  that  of  the  polar,  muft  have 
lefs  mafs,  and  therefore  a proportionably  greater  part 
of  Its  mafs  muft  be  found  in  its  luperior  ledfion  ; la  that 
the  lower  extremity  of  the  fuperior  fedlion  of  the  equa- 
torial column  is  more  compreffed,  and  confeqiiently* 
denfer,  than  the  correfponding  part  of  the  polar  co- 
lumn. The  fame  thiiifr  is  to  be  underftood  alio  of  the 
cxtra-tropical  columns  with  refpedt  to  each  other, 
where  difterences  of  heat  prevail. 

Hence,  in  the  higheft  regions  of  the  atmofphere,  the 
denfer  equatorial  air,  not  being  fupported  by  the  col- 
lateral extra-tropical  columns,  gradually  flows  over, 
and  rolls  down  to  the  north  and  fouth. 

Thefe  fuperior  tides  confift  chiefly  of  inflammable  air, 
as  it  Is  much  lighter  than  any  other,  and  is  generated  In 
great  plenty  between  the  tropics;  It  furniflies  the  matter 
of  the  aurora;  borealis  and  aullralis,  by  whole  combiiftion 
it  is  deftroyed,  elfe  its  quantity  would  in  time  become 
too  great,  and  the  weight  of  the  atmofphere  annually 
increafed  ; but  its  combuftion  is  the  primary  fource  of 
the  greatefl  perturbations  of  the  atmofphere. 

iVeight  or  Preffure  of  the  Atmosphere. — It  is  evi- 
dent that  the  mafs  of  the  atmofphere,  in  common  with 
all  other  matter,  muft  be  endowed  with  weight  and 
preffure  ; and  this  principle  was  afferted  by  almoft  all 
phllofophers,  both  ancient  and  modern.  But  it  was 
only  by  means  of  the  experiments  made  with  pumps  and 
the  barometrical  tube,  by  Galileo  and  Torricelli,  that 
we  came  to  the  proof,  not  only  that  the  atmofplierc  is 
endued  with  a preffure,  but  alfo  what  the  meafure  and 
quantity  of  that  preffure  is.  'I'hus,  it  is  found  that  the 
preffure  of  the  atmofphere  fuftains  a column  of  quick- 
filver,  in  the  tube  of  the  barorrteter,  of  about  30  inches 
In  height ; it  therefore  follow's,  that  the  whole  preffure 
of  the  atmofphere  is  equal  to  the  weight  of  a column  of 
quickfilver,  of  an  equal  bafe,  and  30  inches  height  : 
and  becaufe  a cubical  inch  of  quickfilver  is  found  to 
weigh  nearly  half  a pound  averdupois,  therefore  the 
whole  30  inches,  or  the  weight  of  the  atmofphere  on 
every  fquarc  Inch  of  furface,  is  equal  to  15  pounds. 
Again,  it  has  been  found  that  the  preffure  of  the  atmo- 
fphere balances.  In  tl>e  cafe  of  pumps  &c,  a column  of 
w’ater  of  about  344-  feet  high  ; and,  the  cubical  foot 
of  water  weigliing  juft  1000  ounces,  or  624  pounds, 
34‘  times  or2i5&Ib,  will  be  the  weight  of  the 

column  of  water,  or  of  the  atmofphere  on  a bafe  of  a 
fquare  foot  ; and  confeqiiently  the  144th  part  of  this, 
or  ijlb,  is  the  weight  of  the  atmofphere  ou  a Square 
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mcli';  tliefame  as  before.  Hence  Mr  Cotes  computed 
that  the  prefTure  of  this  ambient  fluid  on  the  whole 
futface  of  the  earth,  is  equivalent  to  that  of  a globe  of 
lead  of  60  miles  in  diameter.  And  hence  alfo  it  ap- 
pears, that  the  preflure  upon  the  human  body  mull  be 
very  confldenible  ; for  as  every  fquare  inch  of  furface 
fuftains  a preffure  of  1 5 pounds,  every  fquare  foot  will 
fuflain  144  times  as  much,  or  2160  pounds;  then,  if 
the  whole  furface  of  a man’s  body  he  fuppofed  to  con- 
tain fquare  feet,  which  is  pretty  near  the  truth,  he 
muft  fuflain  15  times  2160,  or  32400  pounds,  that  is 
nearly  iqi  tons  weight,  for  his  ordinary  load.  By 
this  enormous  prefliire  we  fhould  undoubtedly  be  cruflied 
in  a moment,  if  all  parts  of  our  bodies  were  not  filled 
either  v/ith  air  or  fome  other  eiaflic  fluid,  the  fpring  of 
which  is  jufl  fufficient  to  counterbalance  the  weight  of 
the  atmofphere.  But  whatever  this  fluid  may  be,  it  is 
certain  that  it  is  jufl  able  to  counteract  the  weight  of  the 
atmofphere,  and  no  more:  for,  if  any  confiderable 
prelTure  be  fuperadded  to  that  of  the  air,  as  by  going 
into  deep  water,  or  the  like,  it  is  always  feverely  felt 
let  it  be  ever  fo  equable,  at  leafl  when  the  change  is  made 
iuddenly  ; and  if,  on  the  other  hand,  the  prefliire  of 
the  atmoTphere  be  taken  off  from  any  part  of  the  human 
body,  as  the  hand  for  inftance,  when  put  over  an  open 
receiver,  from  whence  the  air  is  afterwards  extraCled, 
the  weight  of  the  external  atmofphere  then  prevails, 
and  we  imagine  the  hand  ftrongly  fucked  down  into  the 
glafs. 

The  difference  in  the  weight  of  the  air  which  our 
bodies  fuflain  at  one  time  more  than  another,  is  alfo 
very  confiderable,  from  the  natural  changesfln  the  flate 
of  the  atmofphere.  This  change  takes  place  chiefly  in 
countries  at  fome  diftance  from  the  equator  ; and  as 
the  barometer  varies  at  times  from  28  to  31  inches,  or 
about  one  tenth  of  the  whole  quantity,  it  follows  that 
this  difference  amounts  to  about  a ton  and  a half  on  the 
whole  body  of  a man,  which  he  therefore  fuflains  at  one 
linfe  more  than  at  another.  On  the  increafe  of  this 
natural  weight,  the  weather  is  commonly  fine,  and  we 
feel  ourfelves  what  we  call  braced  and  more  alert  and 
adtive  ; but,  on  the  contrary,  when  the  weight  of  the 
air  diminilhes,  the  weather  is  bad,  and  people  feel  a 
lifllefsnefs  and  inadlivity  about  them.  And  hence  it 
is  no  wonder  that  perfons  fuffer  very  much  in  their 
health,  from  fuch  changes  in  the  atmofphere,  efpecially 
when  they  take  place  very  fuddcnly,  for  it  is  to  this 
circnmflance  chitfly  that  a fenfation  of  uneaflnefs  and 
indifpofition  is  to  be  attributed  ; thus,  when  the  vari- 
ations of  the  barometer  and  atmofphere  are  hidden  and 
great,  we  feel  tlie  alteration  and  effea  on  our  bodies 
and  fpirits  very  mucli  ; but  when  the  change  takes  place 
by  very  flow  degrees,  and  by  a long  continuance,  we 
are  icarcely  fenfible  of  it,  owing,  undoubtedly,  to  the 
power  witli  which  the  body  is  naturally  endowed,  of 
accommodating  itfelf  to  this  change  in  the  flate  of  the 
air,  as  well  as  to  the  change  of  many  other  circumflan- 
ces  of  life,  the  body  requiring  a certain  interval  of  time 
to  eftedl  the  alteration  in  its  flate,  proper  to  that  of  the 
air  &c.  Thus,  in  going  up  to  the  tops  of  mountains, 
where  the  preffure  of  the  atmofphere  is  diminiflied  two 
or  three  times  more  than  on  the  plain  below,  little  or 
no  inconvenience  is  felt  from  the  rarity  of  the  air,  if 
k is  not  mixed  with  other  noxious  vapours  &c  ; becauf 


that,  in  the  afcent  the  body  has  had  fufficient  time  to 
accommodate  itfelf  gradually  to  the  flow  variation  in 
the  flate  of  the  atmofphere  : but,  when  a perfon  afcends 
with  a balloon,  very  rapkfly  to  a great  height  in  the 
atmofphere,  he  feels  a difficulty  in  breathing  and  an 
uneaflnefs  of  body  ; and  the  fame  is  foon  felt  by  an 
animal  when  inclofed  in  a receiver,  and  the  air  fuddenly 
drawn  or  pumped  out  of  it.  So  alfo,  on  the  condenfa- 
tion  of  the  air,  we  feel  little  or  no  alteration  in  our- 
felves, except  when  the  change  happens  fuddenly,  as 
in  very  rapid  changes  in  the  weather,  and  in  defcending 
to  great  depths  in  a diving  bell,  &c.  I have  often  heard 
the  late  unfortunate  Mr.  Spalding  fpeak  of  his  experi- 
ence on  this  point:  he  always  found  it  absolutely  neceffa- 
ry  to  defeend  with  the  bell  very  flowly,  and  that  only 
from  one  depth  to  another,  refting:  a while  at  each 
depth  before  he  began  to  defeend  farther  : he  flrfl  de- 
feended  flowly  for  about  5 or  6 fathom,  and  then  flop- 
ped a while  ; he  felt  an  uneaflnefs  in  his  head  and  ears, 
which  increafed  more  and  more  as  he  defeended,  till 
he  was  obliged  to  flop  at  the  depth  above  mentioned, 
where  the  denflty  of  the  air  was  nearly  doubled  ; having 
remained  there  a while,  he  felt  his  ears  give  a fudden 
crack,  and  after  that  he  was  foon  relieved  from  any 
uneaflnefs  in  that  part,  and  it  feemed  as  if  the  denflty 
of  the  air  was  not  altered.  He  then  defeended  other  5 
fathoms  or  50  feet  more,  with  the  fame  precaution  and 
the  fame  fcnfations  as  before,  being  again  relieved,  in 
the  fame  manner,  after  remaining  awliile  flationary  at 
the  next  ftage  of  his  defeent,  where  the  denflty  of  the 
air  was  tripled.  And  thus  he  continued  proceeding  to 
a great  depth,  always  with  the  fame  circiimfliances,  re- 
peated at  every  5 or  6 fathoms,  and  adding  the  preffure 
of  one  more  atmofphere  at  every  period  of  the  pro- 
grefs. 

It  is  not  eafy  to  affign  the  true  reafon  for  the  varia- 
tions that  happen  in  the  gravity  of  the  atmofphere  in 
the  fame  place.  One  caufe  of  it  however,  either  imme- 
diate orotherwife,  it  feems,  is  the  heat  of  the  fun  ; for 
where  this  is  uniform,  the  changes  are  fmali  and  regu- 
lar ; thus  between  the  tropics  it  feems  the  change  de- 
pends on  the  heat  of  the  fun,  as  the  barometer  con- 
flantly  finks  about  half  an  inch  every  day,  and  rifes 
again  to  its  former  flation  in  the  night  time.  But  in  the 
temperate  zones  the  barorneter  ranges  from  28  to  near 
3 I inches,  fliewing,  by  its  various  altitudes,  the  changes 
that  ,are  about  to  take  place  in  the  weather.  If  we 
could  know  therefore,  the  caufes  bv  which  the  weather 
is  influenced;  we  fhould  alfo  know  thofe  by  Vv^hich  the 
gravity  of  the  atmofphere  is  affedbed.  Thefe  may  per- 
haps be  reduced  to  immediate  ones,  viz,  an  emiffion  ot 
latent  heat  from  the  vapour  contained  in  the  atmofphere, 
or  of  eledt ric  fluid  from  the  fame,  or  from  the  earth  ; as 
it  is  obferved  that  they  both  produce  the  fame  effedh  with 
the  folar  heat  in  the  tropical  climates,  viz,  to  rarefy  the 
air,  by  mixing  with  It,  or  fetting  loofe  a lighter  fluid, 
which  did  not  before  adt  in  fuch  large  proportion  in  any 
particular  place. 

With  regard  to  the  alteration  of  heat  and  cold  in  the 
atmpfplieie,  many  reafon  s and  liypothefes  have  been 
given,  and  many  experiments  made;  as  maybe  feen 
by  confulting  the  autliois  upon  this  fubjedl,  viz,  M. 
Bougucr’s  obfervations  in  Peru,  I.ambert,  De  Luc, 
Saufluve’s  joiuneys  on  the  Alps,  Sex’s  and  Darwin’s 
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experiments  In  vol,  78  Philof.  Tranf.  Th  Is  laft  gen- 
tleman hence  infers,  “ There  is  good  reafon  to  conclude 
that  in  all  circuin (lances  where  air  is  mechanically  ex- 
panded, it  becomes  capable  of  attrafting  the  fluid 
matter  of  heat  from  other  bodies  in  contadl  with  it. 
Now,  as  the  vaft  region  of  air  which  furronndsour  globe 
is  perpetually  moving  along  its  furface,  climbing  up  the 
tides  of  mountains,  and  delcending  into  the  valleys  ; as 
it  pafles  along  it  rnuft.  be  perpetually  varying  the  degree 
of  heat  according  to  the  elevation  of  the  country  it 
traverfes  : for,  in  rifing  to  the  fummits  of  mountains, 
it  becomes  expanded,  having  fo  much  of  the  preffure 
of  the  fuperincumbent  atmofphere  taken  atvay  ; and 
when  thus  expanded,  It  attra(5ts  or  abforbs  heat  from  the 
mountains  In  contiguity  with  it  ; and,  when  it  delcends 
into  the  valleys  and  is  comprefled  into  lefs  compafs,  it 
again  gives  out  the  heat  it  has  acquired  to  the  bodies  it 
comes  in  conta6l  with.  The  fame  thing  muft  happen 
to  the  higher  regions  of  the  atmofphere,  which  are  re- 
gions of  perpetual  froft,  as  has  lately  been  difeovered  by 
the  aerial  navigators.  When  large  dlflrldls  of  air,  from 
the  lower  parts  of  the  atmofphere,  are  raifed  two  or 
'three  miles  high,  they  become  fo  much  expanded  by 
the  great  diminution  of  the  prelfure  over  them,  and 
thence  become  fo  cold,  that  hail  or  fnow  Is  produced 
by  the  precipitation  of  the  vapour  : and  as  there  is, 
in  thefe  high  regions  of  the  atmofphere,  nothing  elfe 
for  the  expanded  air  to  acquire  heat  from  after  it  has 
parted  with  its  vapour,  the  fame  degree  of  cold  con- 
tinues till  the  air,  on  defeending  to  the  earth,  acquires 
its  former  ftate  of  condenfatlon  and  of  warmth.  The 
Andes,  almoft  under  the  line,  reds  Its  bafe  on  burning 
hands  : about  its  middle  height  is  a moft  pleafant  and 
temperate  climate  covering  an  extenlive  plain,  on_  which 
is  built  the  city  of  Quito  ; while  Its  forehead  is  encir- 
cled with  eternal  fnow,  perhaps  coeval  with  the  moun- 
tain. Yet,  according  to  the  accounts  of  Don  Ulloa, 
thefe  three  difeordant  climates  feldom  encroach  much 
on  each  other’s  territories.  The  hot  winds  below,  if 
they  afeend,  become  cooled  by  their  expanfion  ; and 
hence  they  cannot  afftdl  the  fnow  upon  the  fummlt ; 
and  the  cold  winds  that  fweep  the  fummlt,  become  con- 
denfed  as  they  defeend,  and  of  temperate  warmth  before 
they  reach  the  fertile  plains  of  Quito. ’’ 

Height  and  Den/ity  of  the  Atmosphere.  Various 
attempts  have  been  made  to  afeertain  the  height  to 
which  the  atmofphere  is  extended  all  round  the  earth. 
Thefe  commenced  foon  after  it  was  difeqvered  by 
means  of  the  Torricellian  tube,  that  air  Is  endued  with 
weight  and 'prelfure.  And  had  not  the  air  an  elaflic 
power,  but  were  it  every  where  of  the  fame  denfity,  from 
the  furface  of  the  earth  to  the  extreme  limit  of  the  at- 
mofphere, like  water,  which  is  equally  denfe  at  all  depths 
it  would  be  a very  eafy  matter  to  determine  its  height 
from  its  denfity  and  the  column  of  mercury  which  it 
would  counterbalance  in  the  barometer  tube  : for,  it 
having  been  obferved  that  the  weight  of  the  atmofphere 
is  equivalent  to  a column  of  30  inches  or  2f  feet  of 
quickfilver,  and  the  denfity  of  the  former  to  that  of  the 
latter,  as  i to  11040;  therefore  the  height  of  the  uni- 
form atmofphere  would  be  1 1040  times  2^  feet,  that  is 
27600  feet,  or  little  more  than  5 miles  and  a quarter. 
But  the  air,  by  its  elaflic  quality,  expands  and  con- 
trails ; and  it  being  found  by  repeated  experiments  in 
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mofl  nations  of  Europe,  that  the  fpaces  It  occupies, 
when  comprefled  by  diflerent  weights,  are  reciprocally 
proportional  to  thofe  weights  them.felves  ; or,  that  the 
more  the  air  is  prelfed,^fo  much  the  lefs  fpace  it  takes 
up  ; it  follows  that  the  air  in  the  upper  regions  of  the 
atmofphere  mufl  grow  continually  more  and  more  rare, 
as  It  afeends  higher  ; and  indeed  that,  according  to  that 
law,  it  mufl  neceflarily  be  extended  to  an  indefinite 
height.  Now,  if  we  fuppofe  the  height  of  the  whole 
divided  Into  Innumerable  equal  parts;  the  quantity  of 
each  part  will  be  as  its  denfity ; and  the  weight  of  the 
whole  incumbent  atmofphere  being  alfo  as  Its  denfity  ; 
it  follows,  that  the  weight  of  the  Incumbent  air,  is  every 
where  as  the  quantity  contained  In  the  fubjacent  part; 
which  caufes  a difference  between  the  weights  of  each 
two  contiguous  parts  of  air.  But,  by  a theorem  in 
arithmetic,  when  a magnitude  is  continually  dimlnifhed 
by  the  like  part  of  itfclf,  and  the  remainders  the  fame, 
thefe  will  be  a feries  of  continued  quantities  decreafing 
in  geometrical  progrellion  : therefore  If,  according  to 
the  fuppofition,  the  altitude  of  the  air,  by  the  additlom 
of  new  parts  Into  which  it  is  divided,  do  continually 
increafe  In  arithmetical  progieffion,  its  denfity  will  be 
dimlnlfhed,  or,  which  is  the  fame  thing,  its  gravity 
decreafed,  in  continued  geometrical  proportion.  And. 
hence,  again.  It  appears  that,  according  to  the  hypo- 
thefis  of  the  denfity  being  always  proportional  to  the 
comprefiing  force,  the  height  of  the  atmofphere  muft 
neceflarily  be  extended  Indefinitely.  And,  farther,  as 
an  arithmetical  feries  adapted  to  a geometrical  one,  is 
analogous  to  the  logarithms  of  the  faid  geometrical  one  ; 
it  follows  therefore  that  the  altitudes  are  proportional 
to  the  logarithms  of  the  denfitles,  or  weights  of  air  ; 
and  that  any  height  taken  from  the  earth’s  furface, 
whic..  is  the  difference  of  two  altitudes  to  the  top  of 
the  atmofphere,  is  proportional  to  the  difference  of  the 
logarithms  of  the  two  denfities  there,  or  to  the  loga- 
rithm of  the  ratio  of  thofe  denfities,  or  their  correfpond- 
ing  comprefiing  forces,  as  meafured  by  the  two  heights 
of  the  barometer  there.  This  law  was  firfl  obferved  and 
demonflrated  by  Dr,  Halley,  from  the  nature  of  the 
hyperbola  ; and  afterwards  by  Dr.  Gregory,  by  means 
of  the  logarithmic  curve.  See  Philof. Tranf.  N°.  181,  or 
Abridg.  vol.  2,  p.  13,  and  Greg.  Aflron.  lib.  v,  prop. 3. 

It  is  now  eafy,  from  the  foregoing  property,  and 
two  or  three  experiments,  or  barometrical  obferva- 
tlons,  made  at  known  altitudes,  to  deduce  a general  rule 
to  determine  the  abfolute  height  anfwering  to  any 
denfity,  or  the  denfity  anfwering  to  any  given  al- 
titude above  the  earth.  And  accordingly,  calcula- 
tions were  made  upon  this  plan  by  many  phllofophers,.- 
particularly  by  the  French  ; but  it  having  been  found 
that  the  barometrical  oblervations  did  not  correfpond 
with  the  altitudes  as  meafured  In  a geometrical  manner, 
it  was  fufpedted  that  the  upper  parts  of  the  atmofphc- 
rical  regions  were  not  fubjecl  to  the  fame  laws  with  the 
lower  ones,  in  regard  to  the  denfity  and  elafllclty.  And 
indeed,  when  it  is  coiilidered  that  the  atmofphere  Is  a 
heterogeneous  mafs  of  particles  of  all  forts  of  matter, 
fome  elaflic,  and  others  not,  It  is  not  improbable  but 
this  may  be  the  cafe,  at  leaft  in  the  regions  very  high 
in  the  atmofphere,  which  It  Is  likely  may  more  copl- 
oufly  abound  with  the  eledlrical  fluid.  Be  this  however 
as  it  may,  it  has  lately  been  difeovered  that  the  law 
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above  given,  bolds  very  well  for  all  fucb  altitudes  as  are 
within  our  reach,  or  as  far  as  to  the  tops  of  the  highell 
mountains  on  the  earth,  when  a correftion  is  made  for 
the  difference  of  the  heat  or  temperature  of  the  air  only, 
as  was  fully  evinced  by  M.  De  Luc,  in  a long  feries  of 
obfervations,  in  which  he  determined  the  altitudes  of 
hills  both  by  the  barometer,  and  by  geometrical  mea- 
furement,  from  which  he  deduced  a pradfical  rule  to 
allow  for  the  difference  of  temperature.  See  his  Trea- 
tife  on  the  Modifications  of  the  Atmofphere.  Similar 
rules  have  alfo  been  deduced  from  accurate  experiments, 
by  Sir  George  Shuckburgh  and  General  Roy,  both  con- 
curring to  fhew,  that  fuch  a rule  for  the  altitudes  and 
dcnfities,  holds  true  for  all  heights  that  are  acceffible 
to  U3,  when  the  elaflicity  of  the  air  is  corrected  on 
account  of  Its  denfity  : and  the  refult  of  their  experi- 
ments fhewed,  that  the  difference  of  the  logarithms  of 
the  heights  of  the  mercury  In  the  barometer,  at  two 
nations,  when  multiplied  by  loooo,  is  equal  to  the 
altitude  in  Englifh  fathoms,  of  the  one  place  above  the 
other  ; that  is,  when  the  temperature  of  the  air  is  about 
31  or  32  degrees  of  Fahrenheit’s  thermometer;  and  a 
certain  quantity  more  or  lefs,  according  as  the  adfual 
temperature  Is  different  from  that  degree. 

But  It  may  here  be  fhevvn,  that  the  fame  rule  may  be 
.deduced  independent  of  fuch  a train  of  experiments  as 
thofe  above,  merely  by  the  denfity  of  the  air  at  the 
furface  of  the  earth  alone.  Thus,  let  D denote  the 
denfity  of  the  air  at  one  place,  and  cl  the  denfity  at  the 
other  ; both  meafured  by  the  column  of  mercury  in  the 
barometrical  tube : then  the  difference  of  altitude  be- 
tween the  two  places,  will  be  proportional  to  the  log. 

of  D — the  log.  of  dy  or  to  the  log.  of  — . But  as  this 

formula  expreffes  only  the  relation  between  different  al- 
t-itudes,  and  not  the  abfolute  quantity  of  them,  affumb 
fome  indeterminate,  but  conflant  quantity  which 

multiplying  the  exprefiion  log.  — , may  be  equal  to 

the  real  difference  of  altitude  a,  that  is,  <2  = x log. 

of  Then,  to  determine  the  value  of  the  general 
ci 

quantity  />,  let  us  take  a cafe  in  which  we  know  the 
altitude  a which  correfponds  to  a known  denfity  d ; as 
for  inffance,  taking  a ~ 1 foot,  or  1 inch,  or  fome 
fuch  fmall  altitude  : then  becaufe  the  denfity  D may  be 
meafured  by  the  preffure  of  the  whole  atmofphere,  or 
the  uniform  column  of  27600  feet,  when  the  tempera- 
ture is  55'’ ; therefore  27600  feet  vvill  denote  the  den- 
fity D at  the  lower  place,  and  27399  the  lefs  denfity 
^ at  I foot  above  it ; confequently  1 = h X log,  of 
27600 

, which,  by  the  nature  of  logarithms,  is  nearly 

27599  b ’ j 


L ..  *434-29448  I 

b X 7 or  

27000  63551 


nearly  ; and  hence  we 


in  the  tube  at  the  lower  place,  and  m that  at  the  upp^r 
This  formula  is  adapted  to  the  mean  temperature  or  r.hc 
air  55'^:  but  it  has  been  found,  by  the  experiments  of 
Sir  Geo.  Shuckburgh  and  General  Roy,  that  for  every 
degree  of  the  thermometer,  different  from  55'’,  the  al- 
titude a will  vary  by  its  435th  part;  hence,  if  we 
would  change  the  faftor  /j  from  10592  to  10000,  be- 
caufe the  difference  592  is  the  1 8th  part  of  the  wdiolc 
fadlor  10592,  and  becaufe  18  is  the  24th  part  of  435  ; 
therefore  the  change  of  J:emperature,  anfvveri-rtg  to  the 
change  of  the  fadlor  /j,  is  24°,  which  reduces  the  55^ 

M 

to  3 i®.  So  that,  a = 10000  X log.  of  — fathoms, 


m 


the  eafieft  exprefiion  for  the  altitude,  and  anfwers  to 
the  temperatuie  of  31®,  or  very  nearly  the  freezing 
point : and  for  every  degree  above  that,  the  refult  muff; 
be  inefeafed  by  fo  many  times  its  435th  part,  and  diml- 
nifhed  when  below  it. 

From  this  theorem  it  follows,  that,  at  the  height  of 
37  miles,  the  denfity  of  the  atmofphere  is  nearly  2 times 
rarer  than  it  is  at  the  furface  of  the  earth  ; at  the 
height  of  7 miles,  4 times  rarer ; and  fo  on,  according’ 
to  the  following  table  ; 


Height  in  miles. 


Number  of  times  rarer.  ^ 


z 

7 

4 

H 

16 

21 

64 

28 

256 

35 

1024 

42 

4096 

49 

16384. 

56 

6553'5 

63 

262 144 

70 

1048576 

find  h = 63551  feet;  which  gives  us  this  formula  for 

any  altitude  a in  general,  viz,rz  = 63551  x log.  of  — , 

d 

CY  a = 63551  X log.  of  — feet,  or  10592  X log.  of 

m o 

M 

— fathoms ; where  M denotes  the  column  of  mercury 


And,  by  purfuing  the  calculations  in  this  table,  it  might 
be  eafily  fliewn,  that  a cubic  inch  of  the  air  wc 
breathe  would  be  fo  much  rarefied  at  the  height  of 
500  miles,  that  it  would  fill  a fphere  equal  in  diameter 
to  the  orbit  of  Saturn, 

Hence  we  may  perceive  how  very  foon  the  air  be- 
comes fo  extremely  rare  and  light,  as  to  be  utterly 
imperceptible  to  all  experience  ; and  that  hence,  if  all 
the  planets  have  fuch  atmofpheres  as  our  earth,  they 
will,  at  the  diftances  of  the  planets  from  one  another, 
be  fo  extremely  attenuated,  as  to  give  no  fenfible  re- 
finance to  the  planets  in  their  motion  round  the  fun 
for  many,  perhaps  hundreds  or  thoufands  of  ages  to 
come.  Fven  at  the  height  of  about  50  miles,  it  is  fo 
rare  as  to  have  no  fenfible  effedl  on  the  rays  of  light f 
for  it  was  found  by  Kepler,  and  De  la  Hire  after  him, 
who  computed  the  height  of  the  fenfible  atmofphere 
from  the  duration  of  twilight,  and  from  the  magnitude 
of  the  terrellrlal  fhadow  in  lunar  eclipfes,  that  the  ef- 
fect of  the  atmofphere  to  refledf  and  intercept  the  light 
of  the  fun,  is  only  fenfible  to  the  altitude  of  between 
40  and  50  miles  : and  at  that  altitude  we  may  colledl, 
from  what  has  been  already  faid,  that  the  air  is  above 
loooo  times  rarer  than  at  the  furface  of  the  earth. 
It  is  well  known  that  the  twilight  begins  and  ends 
when  the  centre  of  the  fun  is  about  1 8 degrees  below 
the  horizon,  or  only  17^27',  by  fubtrafting  33^  for 
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T-efraclIon,  which  niifes  the  ffin  fo  much  higher  tlian 
he  would  be.  And  a ray  coming  from  the  fun  in  that 
pofition,  and  entering  the  earth’s  atmofphere,  is  re- 
fradled  and  bent  into  a curve  line  in  pafiing  through  it 
to  tlie  eye.  M.  de  la  Hire  took  g-reat- pains  to  de- 
monftrate,  tliat,  fnppofing  the  denfity  of  the  atmo- 
fphere proportional  to  its  weight,  this  curve  is  a 
cycloid  : he  alfo  fays,  that  if  the  ray  be  a tangent  to 
the  atmofphere,  the  diameter  of  its  generating  circle 
will  be  the  height  of  the  atmofphere  ; and  that  this 
diameter  increafes,  till  at  lafl,  wlien  the  rays  are  per- 
pendicular, it  becomes  infinite,  or  the  circle  degene- 
rates into  a right  line.  This  reafoning  fuppofts  that 
the  refracting  furface  of  the  atmofphere  is  a plane  ; 
but  fince  it  is  in  reality  a curve,  he  obferves  that  thefe 
cycloids  become  in  laCt  epicycloids.  But  Herman  de- 
tected the  error  of  M.  de  la  Hire,  and  Ihewed  that 
this  curve  is  infinitely  extended,  and  has  an  afymptote. 
And  it  is  obferved  by  Dr.  Brook  Taylor,  in  his  Me- 
thodus  Increm.  pa,  168,  &c,  that  this  curve  is  one  of 
the  moll  intricate  and  perplexed  that  can  well  be  pro- 
pofed.  The  fame  ingenious  author  computes,  that 
the  refraClive  power  of  the  air  is  to  the  force  of 
gravity  at  the  furface  of  the  earth,  as  320  millions 
to  I . 

Confidering  the  extreme  rarity  of  the  atmofphere  at 
only  40  or  50  miles  in  height,  it  feems  to  be  fmpriz- 
ing  that  fome  meteors  fliould  be  enflamed  at  fuch 
great  heights  as  they  have  been  obferved  at.  A very 
remarkable  one  of  this  kind  was  obferved  by  Dr.  Hal- 
ley in  the  month  of  March  1719,  the  altitude  of 
which  he  computed  at  between  69  and  73^  Englifli 
miles;  its  diameter  2800  yards,  or  more  than  a mile 
and  a half;  and  its  velocity  about  350  miles  in  a minute. 
Others,  apparently  of  the  fame  kind,  but  whofe  alti- 
tude and  velocity  were  flill  greater,  have  been  obferved  ; 
particularly  that  very  remarkable  one,  of  Augull  1 8th 
1783,  whofe  dlllance  from  the  earth  could  not  be  lefs 
than  90  miles,  its  diameter  at  leaft  as  large  as  the 
former,  while  its  velocity  was  certainly  not  lefs  than 
icoc  miles  in  a minute.  .Now,  from  analogy  of  rea- 
foning, it  feems  very  probable,  that  the  meteors  which 
appear  at  fuch  great  heights  in  the  air,  are  not  effen- 
tially  different  from  thole  which  are  feen  on  or  near 
the  furface  of  the  earth.  The  difficulty  w'ith  regard 
to  the  former  is,  that  at  the  great  heights  above-men- 
tioned, the  atmofphere  ought  not  to  have  any  denfity 
iiifliclent  to  fupport  flame,  or  to  propagate  found  ; and 
•yet  fuch  meteors  are  commonly  fucceeded  by  one  ex- 
plofion  or  more,  and  it  is  faid  are  even  fomeiimcs  ac- 
companied with  a biffing  noife  as  they  pafs  over  oiir 
heads.  The  meteor  of  1719  was  not  only  very  bright, 
feemlng  for  a ffiort  time  to  turn  night  into  day,  but 
was  attended  with  an  explofion  heard  over  all  the  11- 
Jand  of  Britain,  caufing  a violent  coucuffion  in  the 
atmofphere,  and  feeming  to  fiiake  the  earth  itielf : 
Aiud  yet,  in  the  regions  in  which  this  meteor  moved, 
the  air  ought  to  have  been  300  thoiifand  times  rarer 
tlian  the  air  we  breathe,  or  loco  times  rarer 
than  the  vacuum  commonly  made  bj'  a good  air-pump. 
Dr.  Halley  offers  a conjedlure,  indeed,  that  the  valt 
■magnitude  of  fucli  bodies  might  cornpenfate  for  the 
thinnefs  of  the  medium  in  which  they  moved*  But 
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appearance's  of  this  kind  arc,  by  fome  others,  attri- 
buted to  eledlriclty;  though  the  circumflances  of  them 
cannot  be  reconciled  to  that  caufe  ; for  the  meteors 
move  with  all  different  degrees  of  velocity  ; and  though 
the  electrical  fire  eafily  pervades  the  vacuum  of  an  air-i 
pump,  yet  it  does  not  in  that  cafe  appear  in  bright 
well-defined  fparks,  as  in  the  open  air,  but  rather  in 
long  ftreams  rcwmbling  the  aurora  borealis;  and  from 
fome  late  experim.ents  it  l.as  been  concluded  that  the 
electric  fluid  cannot  even  penetrate  a perfedf  va- 
cuum. 

0/  il'c  Refrailin^e  and  ReJIeBivs  Rc  Mccr  of  the  At- 
mosphere. It  has  been  obferved  above,  that  the 
atmofphere  has  a rcfra6live  power,  by  which  the  rays 
of  light  arc  bent  from  the  right  lined  diredfion,  as  in 
the  cafe  of  the  twilight;  and  many  other  experiments 
raanifell  the  fame  virtue,  which  is  the  caufe  of  many 
phenomena.  Albazen,  the  Arabian,  who  lived  about 
the  year  i ico,  it  feems  was  more  inquifitive  into  the 
nature  of  refradfion  than  ftw-mer  writers.  But  neither 
Alhazen,  nor  his  follower  Vitello,  knew  any  thing  of 
its  juft  quantity,  which  was  not  known,  to  any  tole- 
rable degree  of  exadtnefs,  till  Tycho  Brahe,  with 
great  diligence,  fettled  it.  But  neither  did  Tycho 
nor  Kepler  difeover  In  what  manner  the  rays  of  light 
were  refradfed  by  the  atmofphere.  Tycho  thought 
the  refradllon  was  chiefly  caufed  by  denfe  vapours, 
very  near  the  earth’s  furface  : while  Kepler  placed 
the  caule  wholly  at  the  top  of  the  atmofphere,  which 
he  thought  was  uniformly  denfe  ; and  thence  he  de- 
termined its  altitude  to  be  little  more  than  that  of  the 
higheft  mountains.  But  the  true  conflitution  of  the 
denfity  of  the  atmofphere,  deduced  afterwards  from 
the  Torricellian  experiment,  afforded  a jiifter  Idea  of 
thefe  refractions,  efpecially  after  It  appeared,  by  a re- 
petition of  Mr.  Lowthor])’s  experiment,  that  the  le- 
fradfive  power  of  the  air  is  proportional  to  Its  denfity. 
By  this  variation  in  the  denfity  and  refradlive  power 
of  the  air,  a ray  of  light,  in  paffing  through  the  at- 
mofpliere.  Is  continually  refradfed  at  every  point,  and 
thereby  made  to  deferibe  a curve,  and  not  a flraight 
line,  as  it  would  have  done  were  there  no  atmofpheie, 
or  were  its  denfity  uniform. 

The  atmofphere,  or  air,  has  alfo  a refledfive  power; 
and  this  jiower  is  the  means  by  which  objedfs  are  en- 
lightened fo  uniformly  on  all  fidcs.  The  want  of  this 
power  would  occafion  a llrange  alteration  in  the  ap- 
pearance of  things;  the  fliadows  of  which  would  be 
fo  very  dark,  and  their  Tides  enlightened  by  the  fun 
fo  very  bright,  that  probably  we  could  fee  no  more  of 
them  than  their  bright  halves  ; fo  that  for  a view  of 
the  other  halves,  we  muft  turn  them  half  round,  or  if 
immoveable,  muft  wait  till  the  fun  could  come  round 
upon  them.  Such  a pellucid  unrefledllve  atmofphere 
would  Indeed  have  been  very  commodious  for  aftrono- 
mlcal  obfei  vations  on  the  courfe  of  the  fun  and  pla- 
nets among  the  fixed  ftars,  vifible  by  day  as  well  as  by 
night;  but  then  fuch  a fudden  tranfition  from  dark- 
nefs  to  light,  and  from  light  to  darki  efs,  immediately 
upon  the  rifing  and  fetting  of  the  fun,  without  any 
twilight,  and  even  upon  turning  to  or  -from  the  fun  at; 
noon  day,  would  have  been  very  inconvenient  and  of- 
feiiftve  to  our  eyes.  However,  though  the  atmofphere 
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■fce  greatly  aflidant  in  tlie  illumination  of  obje^ls,  yet 
it  mufl  alfo  be  obferved  that  it  Hops  a great  deal  of 
light*  By  M.  Bouguer’s  experiments,  it  feems  that 
the  light  of  the  moon  is  often  2000  times  weaker  in 
the  horizon,  tlian  at  the  altitude  of  66  degrees  ; and 
that  the  proportion  of  her  light  at  the  altitudes  of  66 
and  19  degrees,  is  about  3 to  2 ; and  the  lights  of 
the  fun  mutt  bear  tlie  fame  proportion  to  each  other  at 
thofe  heights ; which  Bouguer  made  choice  of,  as  be- 
ing the  meridian  heights  of  the  fun,  at  the  fummer 
and  winter  folttices,  in  the  latitude  of  Croific  in 
France.  Smith’s  optics.  Rem.  95. 

For  the  Atmofphere  of  the  fun,  moon,  and  planets, 
fee  the  refpedlive  articles. 

Atmosphere  of  Solid  or  ConJiJIent  Bodies,  is  a kind 
of  fphere  formed  by  the  effluvia,  or  minute  corpufcles, 
emitted  from  them.  Mr.  Boyle  endeavours  to  fflew, 
that  all  bodies,  even  the  hardeft  and  mott  coherent,  as 
gems,  &c,  have  their  atmofpheres. 

Atmosphere,  in  EleSricity,  denotes  that  medium 
which  is  conceived  to  be  diffufed  over  the  furface  of 
eledfrified  bodies,  and  to  fome  dittance  around  them, 
and  confitting  of  effluvia  iffuing  from  them  ; by  which, 
other  bodies  immerged  in  it  become  endued  with  an 
electricity  contrary  to  that  of  the  body  to  which  the 
atmofphere  belongs.  This  was  firtt  noticed  at  a very 
early  period  in  the  hiftory  of  this  fcicncc  by  Otto 
Guericke,  and  afterwards  by  the  academicians  del  Ci- 
mento,  who  contrived  to  render  the  eleCtric  atmofphere 
vlfible,  by  means  of  fmoke  attradfed  by  a piece  of 
amber,  and  gently  rifing  from  it,  but  vaniffling  as  the 
amber  cooled.  Dr.  Franklin  exhibited  this  elec- 
tric atmofphere  with  greater  advantage,  by  dropping 
rofin  on  hot  iron  plates  held  under  eledfrified  bodies, 
from  wdiich  the  fmoke  arofe  and  encompaffed  the  bo- 
dies, giving  them  a very  beautiful  appearance.  But  the 
theory  of  eledfric  atmofpheres  was  not  well  explain- 
ed and  underttood  for  a confiderable  time  ; and  the 
inveftigation  led  to  many  curious  experiments  and  ob- 
fervations.  The  experiments  of  Mr.  Canton  and  Dr. 
Franklin  prepared  the  way  for  the  conclulion  that  was 
afterwards  drawn  from  them  by  Meif.  Wilcke  and 
Epinus,  though  they  retained  the  common  opinion  of 
eleClric  atmofpheres,  and  endeavoured  to  explain  the 
phenomena  by  it.  The  conclufion  was,  that  the  elec- 
tric fluid,  when  there  is  a redundancy  of  it  in  any 
body,  repels  the  eleCfcric  fluid  in  any  other  body,  when 
they  are  brought  within  the  fphere  of  each  other’s  In- 
fluence, and  drives  it  into  the  remote  parts  of  the 
body,  or  quite  out  of  it,  if  there  be  any  outlet  for 
that  putpofe. 

By  Atmofphere,  M.  Epinus  fays,  no  more  is  to  be 
Underttood  than  the  fphere  of  aClion  belonging  to  any 
body,  or  the  neighbouring  air  eleClrlfled  by  it.  SIg. 
Beccaria  agrees  in  the  fame  opinion,  that  eleCtrified  bo- 
dies have  no  other  atmofphere  than  the  electricity  com- 
municated to  the  neighbouring  air,  and  which  goes  with 
the  air,  and  not  with  the  eleCtrified  bodies.  Mr, 
Canton  alfo,  having  relinquiffled  the  opinion  that  elec- 
trical atmofpheres  were  compofed  of  effluvia  from  ex- 
cited or  electrified  bodies,  maintained  that  they  only 
reffllt  from  an  alteration  in  the  ftate  of  the  ^leCtric 
fluid  contained  in  it,  or  belonging  to  the  air  furroiind- 
mg  thefe  bodies  to  a certain  dittance  ; for  inftance,  that 
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excited  glafs  repels  the  cleCtric  fluid  from  it,  and  con- 
fequently  beyond  that  dittance  makes  it  more  denfe ; 
whereas  excited  wax  attraCfs  the  eleClric  fluid  exitting 
in  the  air  nearer  to  it,  making  it  rarer  than  it  was  be- 
fore. In  the  courfe  of  experiments  that  were  per- 
formed on  this  occafion,  MelT.  Wilcke  and  Epinus  fuc- 
ceeded  In  charging  a plate  of  air,  by  fufpending  large 
boards  of  wood  covered  with  tin,  with  the  flat  Tides 
parallel  to  one  another,  and  at  fome  inches  afunder  ; for 
they  found,  upon  eleClrlfylng  one  of  the  boards  pofi- 
tively,  that  the  other  was  alwmys  negative  ; and  a fhock 
was  produced  by  forming  a communication  between  the 
upper  and  lower  plates.  Beccaria  has  largely  conttdered 
the  fubjeCt  of  eleCtrIc  atmofpheres,  in  hfs  Artificial 
Electricity,  pa.  179  &c,  Eng.  edit.  Sec  alfo  DrPriett- 
ley’s  Hitt,  of  EleCtrlcIty,  vol.  ii.  feCi,  5.  and  Cavallo’s 
Electricity,  pa.  241. 

Atmosphere,  Magnetic,  l^c,  is  underttood  of  the 
fphere  within  which  the  virtue  of  the  magnet,  &:c,  aCts. 

ATOM,  a particle  of  matter  Indivifible  on  account 
of  its  folidlty,  hardnefs,  and  impenetrability ; which 
preclude  all  divifion,  and  leave  no  vacancy  for  the  ad- 
mlflion  of  any  foreign  force  to  feparate  or  difunite  its 
parts.  As  atoms  are  the  firtt  matter,  it  is  necettary 
they  Ihould  be  indifiblvable,  that  they  may  be  Incorrup- 
tible, Newton  adds,  it  is  alfo  required  that  they  be 
immutable,  that  the  world  may  continue  in  the  fame 
ftate,  and  bodies  be  of  the  fame  nature  now  as  former- 

ATOMICx^L  Philosophy,  or  the  doClrine  of 
atoms,  a fyftem  which  accounted  for  the  origin  and  for- 
mation of  things,  from  the  hypothefis  that  atoms  are 
endued  with  weight  and  motion.  This  phllofophy  was 
firtt  taught  by  Mofehus,  fome  time  before  the  Trojan 
war;  but  it  was  mott  cultivated  by  Epicurus;  whence 
it  is  called  the  Epicurean  philofophy. 

ATTRACTION,  or  Att active  Power,  a gene* 
ral  term  ufed  to  denote  the  caufe,  power,  or  principle^, 
by  which  all  bodies  mutually  tend  towards  each  other, 
and  cohere,  till  feparated  by  fome  other  power.  The 
laws,  phenomena,  &c,  of  attraClIon,  form  the  chief  fub- 
jefh  of  Newton’s  philofophy,  being  the  principal  agent 
of  nature,  in  almoft  all  her  wonderful  operations. 

I he  principle  of  attraction,  in  the  Newtonian  fenfe 
of  it,  it  feems  was  firtt  furmifedby  Copernicus.  **  As 
for  gravity,  fays  he,  I confider  it  as  nothing  more  than 
a certain  natural  appetence  (appetentia ) that  the  Creator 
has  ImprefTed  upon  all  the  parts  of  matter,  in  order  to 
their  uniting  or  coalefcing  into  a globular  form,  for 
their  better  prefervation ; and  it  is  probable  that  the 
fame  power  is  alfo  inherent  In  the  fun  and  moon,  and 
planets,  that  thofe  bodies  may  conftantly  retain  that, 
round  form  In  which  we  fee  them.”  De  RevoL  Orh, 
lib.  I,  cap.  9,  Kepler  calls  gravity  a corporeal 
and  mutual  affecttlon  between  ifimilar  bodies,  in  order  to  > 
their  union.  Jljl.,  Nov.  in  Introd.  And  he  pro- 
nounced more  pofitively  that  no  bodies  whatever  were 
abfolutely  light,  but  only  relatively  fo  ; and  confe- 
queutly  that  all  matter  was  fubjec^ted  to  the  power  and. 
law  of  gravitation.  Ibid. 

The  firtt  in  this  country  who  adopted  the  notion  of 
attraction,  was  Dr.  Gilbert,  In  hh  hook  De  Magnete 
and  the  next  was  the  celebrated  Lord  Bacon,  in  his 
Ngv.  Organ,  lib.  ii,  aphor,  36,  45,  48k  Syh.  cent.  i». 
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exp.  33  ; alfo  in  his  treatife  De  Motn^  particularly  un- 
der the  articles  of  the  9th  and  the  13th  forts  of  Motion. 
In  France  it  was  received  by  Fermat  and  Roberval ; and 
in  Italy  by  Galileo  and  Borelii.  But  till  Newton  ap- 
peared, this  principle  was  very  imperfedlly  defined  and 
applied. 

It  mull  be  obferved,  that  though  this  great  author 
makes  ufe  of  the  word  attradlion,  in  common  with  the 
fchool  philofophers,  yet  he  very  iludioufly  diftinguifhes 
between  the  ideas.  The  ancient  attradlion  was  con- 
ceived to  be  a kind  of  quality  inherent  in  certain  bodies 
themfelves,  and  arifing  from  their  particular  or  fpecific 
forms.  But  the  Newtonian  attraction  is  a more  inde- 
finite principle  ; denoting  not  any  particular  kind  or 
'mode  of  aCtion  ; nor  the  phyfical  caufe  of  fuch  aCtion  ; 
but  only  a general  tendency,  a conatus  accedetidi,  to 
whatever  caufe,  phyfical  or  metaphyfical,  fuch  effeCt  be 
owing ; whether  to  a power  inherent  in  the  bodies 
themfelves,  or  to  the  impulfe  of  an  external  agent. 
Accordingly,  that  author  remarks,  in  his  Philof.  Nat. 
Pr'in.  Math.  “ that  he  ufes  the  w’ords  attradion^  im- 
pulj'e^  and  propen/ion  to  the  centre,  indifferently  j and 
cautions  the  reader  not  to  imagine  that  by  attraCiion  he 
expreffes  the  modus  of  the  aCfion,  or  its  efficient  caufe, 
as  if  there  were  any  proper  powers  in  the  centres,  which 
in  reality  are  only  mathematical  points  ; or  as  if  centres 
could  attraCf.^'  Lib.  i,  pa.  5.  So,  he  “ confiders  cen- 
tripetal powers  as  attraClions,  though,  phyfically  fpeak- 
ing,  it  were  perhaps  more  juft  to  call  them  impulfes. 
Ib.  pa.  147.  He  adds, ‘‘ that  what  he  calls  attraction 
may  poffibly  be  effected  by  impulfe,  though  not  a com- 
mon or  corporeal  impulfe,  or  after  fome  other  manner 
unknown  to  us.  Optic,  p,  322. 

AttraClion,  if  confidcred  as  a quality  arifing  from  the 
fpecific  forms  of  bodies,  ought,  together  with  fympa- 
thy,  antipathy,  and  the  whole  tribe  of  occult  qualities, 
to  be  exploded.  But  when  thefe  are  fet  afide,  there 
will  remain  innumerable  phenomena  of  nature,  and  par- 
ticularly the  gravity  or  weight  of  bodies,  or  their  ten- 
dency to  a centre,  that  argue  a principle  of  adfcion  feem- 
ingly  diftindf  from  impulfe  ; where,  at  leaft,  there  is  no 
fenfible  impulfion  concerned.  Nay,  what  is  more,  this 
a6fion,  in  fome  refpedfs,  differs  from  all  impulfion  we 
know  of ; impulfe  being  always  found  to  adt  in  propor- 
tion to  the  furfaces  of  bodies  ; whereas  gravity  adls  ac- 
cording to  their  folid  content,  and  confequently  it  muft 
arife  from  fome  cauie  that  penetrates  or  pervades  the 
whole  fubftance  of  it.  This  unknown  principle,  un- 
known we  mean  in  refpedl  of  its  caufe,  for  its  pheno- 
mena and  effcdls  are  moft  obvious,  with  all  its  fpecies 
and  modifications,  is  called  attradlion  ; being  a gene- 
ral name,  under  which  maybe  ranged  all  mutual  ten- 
dencies, where  no  phyfical  impulfe  appears,  and  which 
confequently  cannot  be  accounted  for  upon  any  known 
laws  of  nature. 

And  hence  arife  divers  particular  kinds  of  attradfion  ; 
as  Gravity y Magnetifm,  Ekdricity^  which  are  fo 

many  different  principles,  adting  by  different  laws ; 
and  only  agreeing  in  this,  that  we  do  not  perceive  any 
phyfical  caufes  of  theni : but  that,  as  to  our  fenfes, 
they  may  really  arife  from  fome  power  or  efficacy  in 
fuch  bodies,  by  which  they  are  enabled  to  adf  even  up- 
on diffant  bodies ; though  our  reafon  abfolutely  dif- 
ailows  of  any  fuch  adlion. 


Attradfion  may  be  divided,  with  refpedf  to  the  law  It 
obferves,  into  two  kinds. 

1.  That  which  extends  to  a fenfible  diftance.  As 
the  attradlion  of  gravity,  which  is  found  in  all  bodies ; 
and  the  attradfions  of  magnetifm  and  eledfricity,  found 
only  in  particular  bodies.  The  feveral  laws  and 
phenomena  of  each,  fee  under  their  refpedlive  ar- 
ticles. 

d^'he  attradlion  of  gravity,  called  alfo  among  mathe- 
maticians the  centripetal  force,  is  one  of  the  greateff  and 
moft  univerfal  principles  of  all  nature.  We  fee  and 
feel  it  operate  on  bodies  near  the  earth,  and  find  by 
obfervation  that  the  fame  power  (i.  e.  a power  w'hich 
adls  in  the  fame  manner,  and  by  the  fame  rules,  viz, 
aways  proportionally  to  the  quantities  of  matter,  and 
inverfely  as  the  fquares  of  the  dlftances)  does  alfo  ob- 
tain in  the  moon,  and  the  other  planets,  both  primary 
and  fecondary,  as  well  as  in  the  comets;  and  even 
that  this  is  the  very  power  by  which  they  are  all  re- 
tained in  their  orbits,  &c.  And  hence,  as  gravity 
is  found  in  all  the  bodies  which  come  under  our  ob- 
fervation, it  is  eafily  infereed,  by  one  of  the  eftabliffied 
rules  of  philofophizing,  that  it  obtains  in  all  others. 
And  fince  it  is  found  to  be  proportional  to  the  quantity 
of  matter  in  any  body,  it  muft  exlft  in  every  particle  of 
it : and  hence  it  is  proved  that  every  particle  in  nature 
attradls  every  other  particle. 

From  this  attradlion  arlfes  all  the  motion,  and  confe- 
qucntly  all  the  mutation,  in  the  great  world.  By  this 
heavy  bodies  defeend,  and  light  oneirare  madeto  afeend  : 
by  this  projedliles  are  diredled,  vapours  and  exhalations 
rife,  and  rains  &c  fall : by  this  rivers  glide,  the  ocean 
fwells,  the  air  preffes,  &c.  In  ffiort,  tlie  motions  and 
forces  arifing  from  this  principle,  conftitute  the  fubjedt 
of  that  extenfive  branch  of  mathematics,  called  mechanics 
or  Jlatics,  with  the  parts  or  appendages  of  it,  as  hydro- 
ftatics,  pneumatics,  hydraulics,  &c. 

2.  That  which  does  not  extend  to  fenfible  dlftan- 
ces. Such  Is  found  to  obtain  In  the  minute  particles  of 
which  bodies  are  compofed,  attradling  each  other  at  or 
extremely  near  the  point  of  contadl,  with  forces  often 
much  fuperior  to  that  of  gravity,  but  which  at  any  dif- 
tance decreafe  much  fafter  than  the  power  of  gravity. 
This  power  a late  Ingenious  author  calls  the  attra^iors^ 
of  cohejion,  as  being  that  by  which  the  atoms  or  in- 
fen fible  particles  of  bodies  are  united  into  fenfible 
maffes. 

This  kind  of  attradlion  owns  Sir  Ifaac  Newton  for 
its  difeoverer  ; as  the  former  does  for  its  improver.  The 
laws  of  motion,  percuflion,  (3:c,  in  fenfible  bodies,  under 
various  circiimftances,  as  falling,  projedled,  &c,  afeer- 
tained  by  the  later  philofophers,  do  not  reach  thofe  more 
reclufe,  inteftine  motions  in  the  component  particles  of 
the  fame  bodies,  on  which  depend  the  changes  in  the 
texture,  colour,  properties,  &c,  of  bodies.  So  that 
our  philofophy,  if  it  were  only  founded  on  the  principle 
of  gravitation,  and  even  carried  as  far  as  tlds  would  lead 
us,  would  ftill  be  very  deficient. 

But  befides  the  common  laws  of  fenfible  maffes,  the 
minute  parts  they  are  compofed  of  are  found  fubjedl  to 
fome  others,  which  have  but  lately  been  noticed,  and 
are  even  yet  imperfedlly  known,  Newton  himfclf,  to 
whofe  happy  penetration  we  owe  the  hint,  limits  him- 
felf  witli  cilablifhing  that  there  ^re  fuch  motions  in  the 
z mimrm 
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minima  natuna,  and  tKat  they  flow  from  certain  powers 
or  forces,  not  reducible  to  any  of  thofe  in  the  great 
world.  He  flicws  that,  by  virtue  of  thefe  powers,  the 
fmall  particles  aft  on  one  another  even  at  a diftance  ; 
and  that  many  of  the  phenomena  of  nature  reiult  from 
it.  Senfible  bodies,  we  have  already  obierved,  aft  on 
one  another  divers  ways  ; and  as  we  thus  perceive  the 
tenor  and  courfe  of  nature,  it  appears  highly  probable 
that  there  may  be  other  powers  of  the  like  kind  ; nature 
being  very  uniform  and  confident  with  herfelf.  Thole 
jull  mentioned,  reach  to  fenfible  diftances,  and  fo  have 
been  obferved  by  vulgar  eyes  ; but  there  may  be  others 
which  reach  to  fuch  fmall  didances  as  have  hitherto  ef- 
caped  obfervation  ; and  it  is  probable  elediricity  may 
reach  to  fuch  didances,  even  without  being  excited  by 
friftion.’^ 

The  great  author  jud;  mentioned  proceeds  to  confirm 
the  reality  of  thefe  fufpicions  from  a great  number  of 
phenomena  and  experiments,  which  plainly  argue  fuch 
powers  and  aftions  between  the  particles,  for  example 
offaltsand  water,  oil  of  vitriol  and  water,  aquafortis  and 
iron,  fpirit  of  vitriol  and  faltpetre.  He  alfo  fliews, 
that  thefe  powers,  &c,  are  unequally  llrong  between 
different  bodies ; ftronger,  for  inttance,  between  the 
particles  of  fait  of  tartar  and  thofe  of  aquafortis  than 
thofe  of  filver,  between  aquafortis  and  lapis  calaminaris 
than  iron,  between  iron  than  copper,  and  copper  than 
filver  or  mercury.  So  fpirit  of  vitriol  afts  on  water, 
but  morepn  iron  or  copper,  &c.  And  the  other  ex- 
periments are  innimierable  which  countenance  the  exiff- 
ence  of  fuch  principle  of  attraftion  in  the  particles  of 
matter. 

Thefe  aftions,  by  virtue  of  which  the  particles  of  the 
bodies  above-mentioned  tend  towards  each  other,  the 
author  calls  by  a general  indefinite  name,  attradion  ; a 
name  equally  applicable  to  all  aftions  by  which  bodies 
tend  towards  one  another,  whether  by  impuKe,  or 
by  any  other  more  latent  power : and  from  hence 
he  accounts  for  an  infinity  of  phenomena,  other- 
wife  inexplicable,  to  which  the  principle  of  gravity  is 
inadequate. 

Thus,  adds  our  author,  will  nature  be  found  very 
conformable  to  herfelf,  and  very  fimple  ; performing 
all  the  great  motions  of  the  heavenly  bodies  by  the  at- 
traftion of  gravity,  which  intercedes  thofe  bodies, 
and  almoft  all  the  fmall  ones  of  their  parts,  by  fome 
other  attraftive  power  diffufed  through  their  particles. 
Without  fuch  principles,  there  never  would  have  been 
any  motion  in  the  world  ; and  without  the  continu- 
ance of  it,  motion  would  foon  perifh,  there  being 
otherwife  a great  decreafe  or  diminution  of  it,  which 
is  only  fupplied  by  thefe  active  principles.” 

It  need  not  be  faid  how  unjuft  it  is  in  the  generality 
of  foreign  philofophers  to  declare  againlt  a principle 
which  furnifhes  fo  beautiful  a view,  for  no  other 
reafon.  but  becaufe  they  cannot  conceive  how  one  body 
ihould  aft  on  another  at  a diftance.  It  is  indeed  true, 
that  phiiofophy  allows  of  no  aftion  but  what  is  by  im- 
mediate contact  and  impulfion  ; for  how  can  a body 
exert  any  aftive  power  where  it  does  not  exift  ? yet 
we  fee  effefts,  without  perceiving  any  fuch  impulfe  ; 
and  where  effefts  are  obferved,  there  muff  exift  caufes 
wdiether  we  lee  them  or  not.  But  we  may  contem- 
plate fuch  ehefts,  without  entering  into  the  confidci'a- 


tlon  of  the  caufes,  as  indeed  it  feems  the  bufinefs  of  a 
philofopher  to  do:  for  to  exclude  a number  of  pheno- 
mena which  we  do  fee,  would  be  to  leave  a great  chafm 
in  the  hiftory  of  nature  ; and  to  argue  about  aftions 
which  we  do  not  fee,  would  be  to  raife  caftles  in  the 
air.  It  follows  therefore,  that  the  phenomena  of  at- 
trafiion  are  matter  of  phyfical  confideration,  and  as 
fuch  intitled  to  a ihare  in  the  fyftem  of  phyfics  ; but 
that  their  caufes  will  only  become  fo  wdien  they  be- 
come fenfible,  that  is  when  they  appear  to  be  the 
effeft  of  fome  other  higher  caufes ; for  a caufe  is  no 
otherwfife  feen  than  as  itlelf  is  an  effeft,  fo  that  the 
firft  caufe  muff  needs  be  always  invifible  : we  are  there- 
fore at  liberty  to  fuppofe  the  caufes  of  attradlions 
what  we  pleafe,  without  any  Injury  to  the  effedts. 
The  illiiftrious  author  himfelf  feemS'to  be  a little.  Inde- 
termined  as  to  the  caufes ; inclining  fometimes  to 
attribute  gravity  to  the  aftion  of  an  immaterial  caufe 
{Optics y pa.  343  &c),  and  fometimes  to  that  of  a ma-- 
terial  one,  Ib.  pa.  325. 

In  his  phiiofophy,  the  refearch  into  caufes  is  the 
laft  thing,  and  never  comes  under  confideration  till  the 
laws  and  phenomena  of  the  efleft  be  fettled  ; it  beings 
to  thefe  phenomena  that  the  caufe  is  to  be  accommo- 
dated. The  caufe  even  of  any,  the  groffeft  and  moft 
fenfible  aftion,  is  not  adequately  known.  How  im- 
pulfe or  percuflion  itfelf  produces  its  effefts,  that  is 
how  motion  is  communicated  from  body  to  body,  con- 
founds the  deepeft  philofophers  ; yet  is  impulfe  receiv- 
ed not  only  into  phiiofophy,  but  into  mathematics : 
and  accordingly  the  laws  and  phenomena  of  its  effefts 
make  the  chief  part  of  common  mechanics. 

The  other  fpecies  of  attraftion,  therefore,  in  which 
no  impulfe  is  obfervable,  when  their  phenomena  are 
fufficiently  afcertalned,  have  the  fame  title  to  be  pro- 
moted from  phyfical  to  mathematical  confideration  ; 
and  this  without  any  previous  inquiry  into  their  caufes, 
to  which  our  conceptions  may  not  be  proportionate. 

Our  great  philofopher,  then,  far  from  adulterating 
fcience  with  any  thing  foreign  or  metaphyfical,  as  ma- 
ny have  reproached  him  with  doing,  has  the  glory  of 
having  thrown  every  thing  of  this  kind  out  of  his 
fyftem,  and  of  having  opened  a new  fource  of  fub- 
limer  mechanics,  which,  duly  cultivated,  might  be  of 
far  greater  extent  than  all  the  mechanics  yet  known. 
Hence  it  Is  alone  that  we  muff  expeft  to  learn  the 
manner  of  the  changes,  produftions,  generations,  cor- 
ruptions, &c,  of  natural  things ; with  all  that  feene 
of  wonders  opened  to  us  by  the  operations  of  che- 
miftry. 

Some  of  our  own  countrymen  have  profecuted  the 
difeovery  with  laudable  zeal.  Dr.  Keil  particularly  has 
endeavoured  to  deduce  fome  of  the  laws  of  this  new 
aftion,  and  applied  them  in  refolving  feveral  of  the 
more  general  phenomena  of  matter,  as  cohefion,  flui- 
dity, elafticity,  foftnefs,  fermentation,  coagulation, 
&c  : and  Dr.  Frelnd,  feconding  his  endeavours,  has 
made  a farther  application  of  the  fame  principles, 
at  once  to  account  for  almoft  all  the  phenomena  that 
ch  erniftry  prefents.  So  that  fome  philofophers  are  in- 
clined to  think  that  the  new  mechanics  fliould  feem  al- 
ready raifed  to  a complete  fcience,  and  that  nothing 
now  can  occur  but  what  we  have  an  immediate  folution. 
ofj  from  the  principles  of  attraftive  forces. 
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But  this  feems  a little  too  precipitate : a principle 
fo  fertile  fhould  have  been  further  explained;  its  parti- 
cular laws,  limits,  &c,  more  indudrioufly  deteCfed 
and  laid  down,  before  we  had  proceeded  to  the  appli- 
cation. Attradion  in  the  grofs  is  fo  complex  a 
thing,  that  it  may  folve  a thoufand  different  pheno- 
mena alike.  The  notion  is  but  one  degree  more 
hmple  and  precife  than  adion  itfelf ; and,  till  its 
properties  are  more  fully  afcertained,  it  were  better 
to  apply  it  lefs,  and  lludy  it  more.  It  may  be 
added,  that  fome  of  Newton’s  followei*s  have  been 
charged  with  falling  into  that  error  which  he  induf- 
trioufly  avoided,  viz,  of  confidering  attradion  as  a 
■car.fe  or  adive  property  in  bodies,  not  merely  as  a 
phenomenon  or  effed. 

For  the  laws,  properties,  dec,  of  the  different  forts 
of  Attradion,  fee  their  particular  articles  Cohesion, 
Gravity,  Magnetism,  &c. 

Attraction,  Centre  of,  See  Centre  of  Attradion* 

Attraction  of  Mountains , See  Mountains. 

Attrition,  the  flriking  or  rubbing  of  bodies 
againft  one  another,  fo  as  to  throw  off  fome  of  their 
fuperficial  particles  : fuch  as  the  grinding  and  polifh- 
ing  of  bodies.  Or  fimply  the  a6l  of  rubbing : as 
when  amber  and  other  eledric  bodies  are  rubbed,  to 
• make  them  attrad,  or  emit  their  eledric  force. 

Avant-Foss,  or  Ditch  of  the  Counterfearp,  in 
Fortification,  is  a wet  ditch  furrounding  the  counter- 
fearp, on  the  outer  fide,  next  to  the  country,  at  the 
foot  of  the  glacis.  It  would  not  be  proper  to  have 
fuch  a ditch  if  it  could  be  laid  dry,  as  it  would  then 
ferve  as  a lodgment  for  the  enemy. 

Averroes,  or  Aben-Roes,  a very  fubtile  Ara- 
bian philofopher,  who  flouriflied  about  the  end  of  the 
. lith  century,  when  the  Moors  had  poffeffion  of  part 
of  Spain.  He  was  the  fon  of  the  high  prieft  and 
chief  judge  of  Corduba  or  Cordova  in  Spain  : but  he 
was  educated  in  the  iiniverfity  of  Morocco,  where  he 
was  profeflbr,  and  where  he  died  in  1206,  having  there 
iludied  nartural  philofophy,  medicine,  mathematics,  law, 
and  divinity.  After  the  death  of  his  father,  he  enjoyed 
his  polls  in  Spain,  to  which  was  afterward  added  that 
of  judge  of  Morocco  and  Mauritania,  where  having 
fettled  deputies,  he  returned  to  his  duty  in  Spain. 
Not  with  handing  he  was  very  rich,  and  had  a very 
great  income,  his  liberality  to  men  of  letters  in  necef- 
fity,  whether  they  were  his  friends  or  his  enemies, 
kept  him  always  in  debt.  He  was  afterwards  flripped 
of  all  his  polls,  and  thrown  into  prifon,  for  herefy,  by 
the  infligations  of  bad  men,  his  enemies ; but  the  op- 
prelTions  of  the  judge  who  fucceeded  him,  caufed  him 
to  be  reflored  to  his  former  employments. 

He  was  excefhvely  fat,  though  he  eat  but  once  a 
day,  and  fpent  moll  part  of  the  night  in  the  fludy  of 
philofophy,  when  he  was  fatigued,  amufing  himfelf 
••  with  reading  poetry  or  hiflory.  He  was  never  feen  to 
play  at  any  game,  or  to  partake  in  any  diverfion.  He 
was  extremely  fond  of  Ariflotle’s  works,  and  wrote 
commentaries  upon  them  ; whence  he  was  ilyled  the  Com- 
mentator, by  way  of  eminence.  He  wrote  many  other 
pieces  ; among  them  a work  on  the  Whole  Art  of  Phy- 
. fic  ; an  Epitome  of  Ptolomy’s  Almagell,  which  Vof- 
fius  dates  about  the  year  1149;  alfo  a Treatife  of 
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Aflrology,  which  was  tranflated  into  Hebrew  by  R,. 
Jacob  Ben  Samfon,  and  faid  to  be  extant  in  the 
French  king’s  library.  He  wrote  alfo  feveral  poems,, 
and  many  amorous  verfes,  but  thefe  lall  he  threw  into- 
the  fire  when  he  grew  old.  His  other  poems  are  loft, 
except  a fmall  piece,  in  which  he  fays,  “ that  when  he 
was  young,  he  acled  againll  his  reafon  ; but  that  when 
he  was  in  years,  he  followed  its  didlates  upon  which 
he  utters  this  wifh,  “ Would  to  God  I had  been  born 
old,  and  that  in  my  youth  I had  been  in  a flate  of 
perfedfion  !”  As  to  religion,  his  opinions  were,  that 
Chriflianity  is  abfurd  ; Judaifm,  the  religion  of  chil- 
dren ; Mahometanifm,  the  religion  of  fwine. 

AVICENA,  Avicenne,  or  Avicenes,  has  been, 
accounted  the  prince  of  Arabian  philofophers  and  phy- 
ficians.  He  was  born  at  Affena,  near  Bokhara,  in  978 ;• 
and  died  at  Hamadan  in  1036,  being  58  years  of  age. 

The  firfl  years  of  Avicena  were  employed  on  the 
fludy  of  the  Belles  Lettres,  and  the  Koran,  and  at  lO- 
years  of  age  he  was  pcrfeCl  maftcr  of  the  hidden  fenfes 
of  that  book.  Then  applying  to  the  fludy  of  logic,  phi- 
lofophy  and  mathematics,  he  quickly  made  a rapid  pro- 
grefs.  After  ftudying  under  a maker  the  liift  principles 
of  logic,  and  the  firft  5 or  6 propofitions  of  Euclid’s 
elements,  he  became  difgufled  with  the  flow  manner  of 
the  fchools,  applied  himfelf  alone,  and  foon  accom- 
pllfhed  all  the  reft  by  the  help  of  the  commentators - 
only. 

Pofreffed  with  an  extreme  avidity  to  be  acquainted 
with  all  the  fciences,  he  Iludied  medicine  alfo.  Per- 
fuaded  that  this  art  confifts  as  much  in  practice  as  in 
theoiT,  he  fought  all  opportunities  of  feeing  the  fick; 
and' afterwards  confeffed  that  he  had  karned  more  from 
fuch  experience  than  from  all  the  books  he  had  read. 
Being  now  in  his  i6th  year,  and  already  celebrated  for 
being  the  light  of  his  age,  he  determined  to  refume  liis 
fludiesof  philofophy,  which  medicine,  &;c,had  made  him 
for  fome  time  ncgledl : and  he  fpent  a year  and  a half  in 
this  painful  labour,  without  ever  fleejiing  all  this  time  a 
whole  night  togetlier.  At  the  age  of  21,  lie  conceived 
the  bold  defign  of  incorporating,  in  one  work,  all  the 
objects  of  human  knowledge  ; and  he  carried  it  into* 
execution  in  an  Encyclopedia  of  20  volumes,  to  whiclii 
he  gave  the  title  of  the  Utility  of  Utilities. 

Many  wondeiful  ftories  aie  related  of  his  ftdll  in  me- 
dicine, and  the  cures  which  he  performed.  Several 
princes  had  been  taken  dangerouily  ill,  and  Avicenes 
was  the  only  one  that  could  know  their  ailments,  and 
cure  them.  His  rejiutation  increafed  daily,  and  all  the 
princes  of  the  call  defired  to  retain  him  in  their  families, 
and  in  fadl  he  pafled  through  feveral  of  them,  liutthe 
irregularities  ofhlscondudl  fometimes  loll  him  their  fa- 
vour, and  threw  him  into  great  dillrcffes.  His  excelFes 
in  pleafures,  and  his  infirmities,  made  a poet  fay,  who 
wrote  his  epitaph,  that  the  profound  lludy  of  philofophy 
had  not  taught  him  good  m.orals,  nor  that  of  medicine 
the  art  of  preferving  his  own  health. 

After  his  death  however,  he  enjoyed  fo  great  a re- 
putation, that  till  the  12th  century  he  was  preferred 
for  the  ftudy  of  philofophy  and  medicine  to  all  his  pre- 
deceflbrs.  Even  in  Europe  his  vvoiks  were  the  only 
writings  in  vogue  in  the  fchools.  They  were  very  nu- 
merous, and  various,  the  titles  of  which  are  as  follow : 
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t.  Of  the  Utility  and  Advantage  of  the  Sciences,  in 
20  books. — 2.  Ot  Innocence  and  Criminality,  2 books, 

' — 3.  Of  Health  and  Remedies,  18  books. — 4.  On  the 
Means  of  preferving  Health,  3 books. — 3.  Canons  of 
Phyfic,  14  books. — 6.  On  Aftronomical  Obfervations, 
I book, — 7.  On  Mathematical  Sciences. — 8.  Of  The- 
orems, or  Mathematical  and  Theological  Demonftra- 
tions,  I book. — 9.  On  the  Arabic  Language,  and  its 
Properties,  lO  books. — 10.  On  the  Laft  Judgment. — 
I r.  On  the  Origin  of  the  Soul,  and  the  Refurreftlon' 
of  Bodies.— ~i 2.  On  the  end  we  fhould  propofe  to  our- 
felves  in  Harangues  and  Philofophical  Argumentations. 
— 18.  Hemnnftration  of  the  Collateral  Lines  in  the 
Sphere. — 14.  Abridgment  of  Euclid,- — 15.  On  Finity 
and  Infinity.  — ]6.  On  Phyfics  and  Metaphyfics.— - 
17.  On  Animals  and  Vegetables,  &c. — 18.  Encyclo- 
pedic, 20  volumes. 

AUGUST,  the  8th  month  of  the  year,  containing 
3 1 days.  In  the  antlent  Roman  calendar  this  was  called 
Jextilis,  as  being  the  6th  month  from  March,  with  which 
their  year  began  ; but  changed  to  its  prefent  name  by 
the  emperor  Auguftus,  calling  it  after  his  own  name  on 
account  of  his  having  obtained  many  vlhdorles  and  ho- 
nours in  that  month. 

AVOIRDUPOIS  Weight,  a weight  ufed  in  En- 
gland for  weighing  all  the  larger  and  coarfer  forfs  of 
goods  ; as  groceries,  cheefe,  butter,  fleni,  wool,  fait, 
hops,  <Scc,  and  all  metals  except  gold  and  filver.  Avoir- 
dupois weight  is  thus  divided,  viz. 


16  dr.  or  drams  make 

1 6 oz.  - - - - 

1 1 2 lb.  - - - - 

20  cwt. 


I ounce,  marked  oz, 

I pound,  - - Ib, 

I hundred  weight,  cwt 
I ton  - - ton, 


The  Avoirdupois  ounce  is  lefs  than  the  Troy  ounce, 
in  the  proportion  of  700  to  768,  but  the  Avoirdupois 
pound  greater  than  the  Troy  pound  in  the  proportion 
of  700  to  576; 


for  lib  Avoird.  is  = 7000  grains  Troy, 
but  lib  Troy  is  =5760  grains  Troy, 
nlio  I oz  Avoird.  is  = 437  J grains  Troy, 

and  I oz  Troy  is  = 480  grains  Troy, 

AURIGA,  the  Waggoner,^  confiellation  in  the 
northern  hemifphere,  confifting  of  14  liars  In  Ptolemy’s 
catalogue  ; but  In  27  ; in  Hevelius’s,  40  ; and 

in  the  Britannic  catalogue,  66. 

This  Is  one  of  the  48  old  afteiifms,  mentioned  by  all 
the  mod  ancient  aflronomers.  It  Is  reprefented  by  the 
figure  of  an  old  man,  in  a pollure  fomewhat  like  fitting, 
with  a goat  and  her  kids  in  his  left  hand,  and  a bridle 
in  his  !io:ht. 

The  Greeks  probably  received  this  and  all  their  other 
conllellatlons  from  the  Egyptians  ; but,  wanting  to 
appear  tlie  inventors  of  them  themfelves,  and  not  under- 
llandlng  the  meaning  of  the  figures,  they  havecloathed 
them  with  feme  of  their  own  fabulous  drefles,  to  favour 
the  deceit.  They  accordingly  tell  us  that  this  figure  of 
a waggoner  was  an  honourable  charafter,  and  Erich- 
thonius,  the  Inventor  of  coaches.  Vulcan,  fay  they, 
once  fell  in  love  with  Minerva,  and  when  he  could  not 
prevail  with  her  to  marry  him,  he  would  have  obtained 
lier  upon  lefs  honourable  terms.  There  was  a flrugglc 


between  them,  and  fome  way  or  other  Erichthoulus  was 
begotten,  though  it  does  not  feem  that  Minerva  had 
much  fhare  in  it : (he  took  care  of  the  offspring  how- 
ever. Some  have  fuppofed  it  was  only  a ferpent;  but 
the  graver  authors  fay,  Erichthonius  was  a man  with 
legs  only  like  the  body  of  a ferpent,  and  that  to  hide 
this  monftrous  part  of  his  figure  he  invented  coaches  to 
carry  him  about.  They  add,  that  Jupiter,  doing  him 
honour  for  an  invention  that  was,  in  fome  degree,  imi- 
tating the  fun’s  carriage  on  the  earth,  raifed  him  up 
among  the  liars. 

But  others,  ill  fatisfied  with  a llory  wdiich  fo  badly 
agreed  with  the  figure,  have  faid  that  it  belonged  to 
Myrtillus,  a fon  of  Mercury  and  Clytie,  and  charioteer 
to  Aenomanus  ; they  fay,  that  at  his  death,  his  father 
Mercury,  by  permllfion  of  his  fuperiors,  raifed  him  up 
into  the  Ikies.  All  this  however  does  not  at  all  account 
for  the  goat  and  her  two  kids  In  ihe  hands  of  Auri- 
ga. To  fet  this  right,  they  afterward  made  Auriga  to 
be  Oleniis,  a fon  of  Vulcan,  and  the  father  of  Aegaand 
Helice,  two  of  the  Cretan  nymphs  that  nurfed  the  infant 
Jupiter.  They  talk  of  a goat  that  was  ufed  for  giving 
milk  to  the  young  deity,  and  they  fuppofe  that  this 
creature,  and  its  two  young  ones,  were  placed  In  the 
hands  of  the  father  of  the  virgins,  to  commemorate  the 
creature  they  took  into  their  fervice  on  that  occafion. 

Befides  the  Hoedi,  this  confiellation  contains  alfo 
another  of  thofe  liars  which  the  ancients  honoured  with 
peculiar  names,  the  goat  Capra,  and  Amalthaea  Capra: 
this  is  the  bright  one  near  the  fiioulder,  and  fuppofed 
to  be  the  mother  of  the  Hoedi,  and  the  nurfe  of 
Jupiter. 

Although  the  whole  confiellation  of  Auriga  is  not 

mentioned  among  thofe  from  which  the  ancients  formed 

prelages  of  the  fucceeding  weather,  the  two  liars  in  his 

arm  were  of  the  foremoil  in  that  rank.  It  is  thefe  they 

called  by  the  name  Hoedi,  and  dreaded  fo  extremely  on 

account  of  the  fiorms  and  tempefis  that  fucceeded  their 

rifing,  that  It  is  faid  they  Ihiit  up  the  navigation  of  the 

fea  for  their  feafon.  And  the  dfiv  of  their  influence  be* 

^ * 

ing  over,  we  find,  was  celebrated  as  a felllval  with  fports 
and  games,  under  the  name  of  Natalis  Navigationis. 
Germanicus  calls  them  unfriendly  liars  to  mariners  ; and 
Virgil  couples  them  with  Ardtiirus,  mentioning  their 
fetting  and  its  rifing  as  things  of  the  moll  important 
prefage.  Horace  alfo  puts  them  together  as  the  moll 
formidable  of  all  the  liars  to  thofe  who  follow  the  traffic 
of  the  fea.  And  to  the  fame  purpofe  fpeak  all  the  an- 
cient writers,  thus  making  a part  of  the  confiellation 
Auriga,  if  not  the  whole  confiellation,  a thing  to  be 
obferved  with  the  iitmofi  attention,  and  to  be  feared  as 
much  as  the  blazing  Ardlurus. 

AURORA,  the  morning  twilight  ; or  that  faint 
light  which  appears  in  the  morning  when  the  fun  Is 
within  18  degrees  of  the  horizon. 

AURORA  BOREAIjIS,  Northern  Light,  or 
Streamers;  a kind  of  meteor  appearing  in  the  northern 
part  of  the  heavens,  mofily  in  the  winter  feafon,  and  in 
frofiy  weather.  It  is  ufually  of  a reddilli  colour,  incli- 
ning to  yellow,  and  fends  out  frequent  corufcatlons  of 
pale  light,  which  leem  to  rife  from  the  horizon  in  a py- 
ramidal undulating  form,  and  (hooting  with  great  veloci- 
ty up  to  the  zenith,  It  appears  often  in  form  of  an  arch, 

which' 
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wliich  IS  partly  bright,  and  partly  dark,  but  generally 
tranfparent.  And  the  matter  of  it  is  not  found  to  have 
any  effe6l  on  the  rays  of  light,  which  pafs  freely  through 
it.  Dr.  Hamilton  obferves,  that  he  could  plainly  difcern 
the  fmalleft  fpeck  in  the  Pleiades  through  the  denlity  of 
thofe  clouds  which  formed  part  of  the  Aurora  borealis  In 
1763,  without  the  lead  diminution  of  Its  fplendour,  or 
increafe  of  twinkling.  Philof,  Effays,  pa.  106. 

Sometimes  it  produces  an  Iris.  Hence  M.  Godin 
judges,  that  moh  of  the  extraordinary  meteors  and  plie- 
nomena  In  the  fkles,  related  as  prodigies  by  hlllorians, 
as  battles,  and  the  like,  may  probably  enough  be  re- 
duced to  the  clafs*of  Aurorae  boreales.  Hill.  Acad, 
R.  Sclenc.  for  1762,  pa,  405. 

This  kind  of  meteor  never  appears  near  the  equator; 
but,  it  fcems,  is  frequent  enough  towards  the  fouth 
pole,  like  as  towards  the  north,  having  been  obferved 
there  by  voyagers.  See  Philof.  Tranf.  461,  and 
vol,  34  ; alfo  Forfter’s  account  of  his  voyage  round  the 
world  with  Captain  Cook,  where  he  defcribes  their  ap- 
pearance as  obferved  for  feveral  nights  together,  In  fharp 
ffolly  vveather,  which  was  much  the  fame  as  thofe  ob- 
ferved In  the  north,  excepting  that  they  were  of  a lighter 
colour. 

It  feems  that  meteors  of  this  kind  have  appeared 
fometiraes  more  frequently  than  others.  They  were  fo 
rare  In  England,  or  elfe  fo  little  regarded,  that  none 
are  recorded  in  our  annals  fince  tliat  remarkable  one  of 
Nov.  14,  1574,  till  the  furprifing  Aurora  borealis  of 
March  6,  1716,  which  appeared  for  three  nights  fuc- 
cellively,  but  by  far  more  llrongly  on  the  firll : except 
that  live  fmall  ones  were  obferved  in  the  year  1707  and 
1708.  Plence  it  would  feem,  that  the  air,  or  earth, 
or  both,  are  not  at  all  times  dlfpofed  to  produce  this 
phenomenon. 

The  extent  of  thefe  appearances  is  alfo  amazingly 
great.  That  In  March  1716  was  vlfible  from  the  weft 
of  Ireland,  to  the  coniines  of  Rlilfia  and  the  eaft  of  Po- 
land ; extending  at  leaft  near  30  degrees  of  longitude, 
and  from  about  the  50th  degree  in  latitude,  overalmoft 
all  the  north  of  Europe  ; and  in  all  places,  at  the  fame 
time,  it  exhibited  the  like  wondrous  appearances.  Fa- 
ther Bofcovich  has  determined  the  height  of  an  aurora 
borealis,  which  was  obferved  by  the  Marquis  of  Polini 
the  1 6th  of  December,  1737,  and  found  it  was  825 
miles  high;  and  Mr.  Bergman,  from  a mean  of  30  com- 
putations, makes  the  average  height  of  the  aurora 
borealis  amount  to  70  Swedifh,  or  469  Englifli  miles. 
But  Euler  fuppofes  the  height  to  be  leveral  thoufands 
of  miles ; and  Mairan  alfo  afligns  to  them  a very  eler 
vated  region. 

Many  attempts  have  been  made  to  determine  the 
caufe  ©f  this  phenomenon.  Dr.  Halley  Imagines  that  the 
watery  vapours,  or  effluvia,  exceedingly  rarefied  by  fub- 
lerraneous  fire,  and  tinged  with  fulphureous  llreams,, 
which  many  naturalills  have  fuppofed  to  be  the  caufe  of 
earthquakes,  may  alio  be  the  caufe  of  this  appearance  : 
or  that  it  Is  produced  by  a kind  of  fubtlle  matter,  freely 
pervading  the  pores  of  the  earth, and  which,  entering  Into, 
it  nearer  the  fouthern  pole,  palfes  out  again  with  fome 
force  Into  the  asther,  at  the  fame  dlllance  from  the 
northern.  This  lubtile  matter,  by  becoming  more 
denfe,.  or, having  its  velocity  increafedj  may  perhaps  be 
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capable  of  producing  a fmall  degree  of  light,  after 
the  manner  of  effluvia  from  eleClric  bodies,  which,  by 
a ftrong  and  quick  fridlion,  emit  light  in  the  dark;  to 
which  fort  of  light  this  feerns  to  have  a great  affinity. 
Philof.  Tranf.  N°  347.  See  alfo  Mr.  Cotes’s  deferip- 
tlon  of  this  phenomenon,  and  his  method  of  explaining 
it,  by  llreams  emitted  fiom  the  heterogeneous  and  fer- 
menting vapours  of  the  atmofphere,  in  Smithes  Optics, 
pa.  69  ; or  Philof.  Tranf.  abr.  vol.  6,  part  2. 

The  celebrated  M.  de  Mairan,  in  an  exprtfs  treatife 
on  the  Aurora  Borealis,  publlfiied  in  1731,  fuppofes  its 
caufetobethe  zodiacal  light,  which,  according  to  him, 
is  no  other  than  the  fun’s  atmofphere  : this  light  hap- 
pening, on  fome  occafions,  to  meet  the  upper  parts  or 
our  atmofphere  about  the  limits  where  univerfal  gravity 
begins  to  a6l  more  forcibly  towards  the  earth  than 
towards  the  fun,  falls  Into  our  air  to  a greater  or  lefs: 
depth,  as  Its  fpecific  gravity  Is  greater  or  lefs,  compared 
with  the  air  through  which  it  paffes.  See  Tradl. 
Phyf.  et  Hill.  del’Aiirore  Boreale.  Suite  des  Memolres 
de  I’Acad.  R.  des  Scicn.  1731.  Alfo  Philof.  Tranf. 
N®  433,  or  Abridg.  vol.  8,  pa.  540. 

However  M.  Euler  thinks  the  caufe  of  the  aurora 
borealis  not  owing  to  the  zodiacal  light,  as  M de  Mairan 
fuppofes;  but  to  particles  of  our  atmofphere,  driven 
beyond  its  limits  by  the  Impulfe  of  the  folar  light.  And 
on  this  fuppofitlon  he  endeavours  to  account  for  the 
phenomena  obferved  concerning  this  light.  Fie  fup— 
pofes  the  zodiacal  light,,  and  the  tails  of  comets,  to  be 
awing  to  a fimilar  caufe. 

But  ever  fince  the  identity  of  lightning  and  the  elec- 
tric matter  has  been  determined,  phllofophers  have  been 
naturally  led  to  feek  for  the  explication  of  aerial  meteors 
In  the  principles  of  eledlrlclty ; and  there  Is  now  no 
doubt  but  molt  of  them,  and  efpeclally  the  aurora  bo- 
realis, are  eleClrlcal  phenomena.  Befides  the  more  ob- 
vious and  known  appearances  which  conllltute  a refem- 
blance  between  this  meteor  and  the  eledlric  matter  by 
which  lightning  is  produced.  It  has  been  obferved  that' 
the  aurora  occafions  a very  fenfible  fluctuation  in  the 
magnetic  needle  ; and  that  when  it  has  extended  lower 
than  ufual  In  the  atmofphere,  the  flafiies  have  been  at-- 
tended  witn  various  iounds  of  rumbling  and  biffing, 
efpeclally  in  Ruffia  and  the  other  more  northern  parts 
of  Europe  ; as  noticed  by  Sig.  Beccarla  and  M.. 
Meffier.  Mr.  Canton,  foon  after  he  had  obtained  elec- 
tricity from  the  clouds,  offered  a conjedlure,  that  the 
aurora  Is  occafioned  by  the  dalhing  of  elecflric  fire  poll-- 
tive  towards  negative  clouds  at  a great  diftance,  through 
the  upper  part  of  the  atmofplierc,  where  the  refillance 
is  leaft  ; and  he  luppolcs  that  the  aurora  which  happens  . 
at  the  time  when  the  magnetic  needle  Is  dllfurbed  by 
the  heat  of  the  earth,  Is  the  eledlricity  of  the  heated 
air  above  it : and  this  appears  chiefly  In  the  northern 
regions,  as  the  alteration  in  tlie  heat  of  the  air  In  thofe 
parts  is  the  greatelc.  Nor  Is  this  hypothefis  improbable, 
when  It  is  conlidered,  that  eleClricIty  is  the  caufe  of, 
thunder  and  lightning  ; that  It  has  been  extracted  from,, 
the  air  at  the  time  of  the  aurora  borealis;  that  tlie  In-- 
habitants  of  the  northern  countries  obferve  it  i emarkably 
ftrong  when  a hidden  thaw  fucceeds  very  cold  levere  wea- 
ther; and  that  the  tourmalin  is  known  to  emit  and  abf.  rb ' 
the  electric  fluid  only  by  the  increafe  or  diminution  of  its. 
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heat.  Pofitive  and  negative  electricity  in  the  air,  with 
a p' op-r  quantity  of  moitture  to  ferve  as  a condutor, 
will  account  for  this  and  other  meteors,  fometimes  feen 
in  a ferene  ilcy.  Mr.  Canton  has  fmce  contrived  to  ex- 
hibit this  meteor  by  means  of  the  Torricellian  vacmim, 
in  a glafs  tube  about  3 heet  long,  and  fealed  hermetically, 
‘When  one  end  of  the  tube  is  held  in  the  hand,  and  the 
other  applied  to  the  conductor,  the  whole  tube  will  be 
illuminated  from  end  to  end,  and  will  continue  luminous 
without  interruptiori  for  a confiderable  time  after  it  has 
been  removed  from  the  condudfor.  if,  after  this,  it 
'be  drawn  through  the  hand  either  way,  the  light  will 
'be  remarkably  intenfe  through  the  whole  length  of  the 
tube.  And  though  a great  part  of  the  ekdfricity  be 
difeharged  by  this  operation,  it  will  hill  flafh  at  inter- 
vals, when  held  only  at  one  extremity,  and  kept  quite 
'ftill ; but  if,  at  the  fame  time,  it  be  grafped  by  the 
other  hand  in  a different  place,  ftrong  dafhes  of  light 
will  dart  from  one  end  to  the  other  ; and  thefe  will  con- 
tinue 24  hours  or  more,  without  a frefh  excitation. 
Sig.  Beccaria  conjectures  that  there  is  a coiiftant  and 
regular  circulation  of  the  eleCtric  fluid  from  north  to 
fouth  ; and  he  thinks  that  the  aurora  borealis  may  be 
this  eleCtric  matter  performing  its  circulation  in  fuch  a 
ilate  of  the  atmofphere  as  renders  it  vifible,  or  ap- 
proaching nearer  than  ufual  to  the  earth.  Though 
probably  this  is  not  the  mode  of  its  operation,  as  the 
meteor  is  obferved  in  the  fouthern  hemifphere,  with 
the  fame  appearances  as  in  the  northern.  Dr.  Frank- 
lin fuppofes,  that  the  eleCtric  fire  difeharged  into  the 
polar  regions,  from  many  leagues  of  vaporifed  air  raif- 
•ed'from  the  ocean  between  the  tropics,  accounts  for 
the  aurora  borealis-;  and  that  it  appears  firtt,  where  it 
is  firfl  in  motion,  namely  in  the  moft  northern  part  j 
and  the  appearance  proceeds  fouthward,  though  the  fire 
really  moves  northward.  Franklin’s  Exper.  and  Obf. 
1769,  pa.  49.  Philof.  Tianf.  vol.  48,  pa.  358,  784;  3. 
vol.  51,  pa.  403  ; Lettere  dell’  Ellettricifmo,  pa.  269  ; 
or  Prieftley’s  Hill,  of  Eleclricity.  See  alfo  an  inge- 
nious folution  of  this  phenomenon,  on  the  fame  prin- 
'ciples,  by  Dr.  Flamilton,  in  his  Philof.  Effays,  Mr. 
Kirwan  (in  the  Tranfadiions  of  the  Royal  Irifli  Aca- 
demy, aim.  1788)  has  lome  ingenious  remarks  on  the 
■aurora  borealis  ijf  auflralis.  Fie  gives  liis  reafons  for 
fuppofing  the  rarefadlion  of  the  atmofphere  in  the  po- 
lar regions  to  proceed  from  them,  and  thefe  from  a 
combullion  of  Inflammable  air  caufed  by  eleCtricity. 
He  obferves,  that  after  an  aurora  borealis  the  barome- 
ter commonly  falls,  and  high  winds  from  the  fouth 
generally  follow. 

AURUM  F ULMiNANS,  a preparation  from  gold, 
which  being  thrown  into  the  fire,  it  explodes  with  a 
violent  node,  like  thunder.  The  matter  is  produced 
by  diflblving  gold  in  aqua  regia,  and  precipitating  the 
folution  by  oil  of  tartar deliqulum,  or  volatile  Ipirit 
-of  fal  ammoniac.  The  powder  being  waffled  in  warm 
water,  and  dried  to  the  confiftence  of  a paftc,  is 
afterwards  formed  into  fmall  grains  of  the  fize  of 
hempfeed. 

It  Is  Inflammable,  not  only  by  fire,  but  alfo  by  a 
gentle  warmth  ; and  gives  a report  much  louder  than 
4hat  of  gunpowder.  A fingle  grain  laid  on  the  point 


of  a knife,  and  lighted  at  a candle,  explodes  with  'a 
greater  report  than  a mufc|uet : and  a fcruplc  of  this 
powder,  it  is  faid,  aCls  more  loudly  than  half  a pound 
of  gunpowder;  and  yet  it  is  faid  that,  by  mixture,  it 
docs  not  Increafe  the  elaflic  force  of  fired  gunpowder. 
Dr.  Black  attributes  the  increafe  of  weight,  and  alfo 
the  explofive  property  of  this  powder,  to  adhering 
fixable  air.-— This  is  a very  dangerous  preparation,  and 
-fhould  be  ufed  with  great  caution.' 

AUSTRAL,  the  fame  with  fouthern.  Thus,  Auf- 
tral  figns,  are  the  lafl  6 figns  of  the  zodiac ; and  are 
fo  called  be-caufe  they  aie  on  the  fouth  fide  of  the 
cquinodliaL 

AUSTRiALIS  Corona',  fee  Corona  Auflralis* 

Australis  Piscis,  the  Southern  Fiflo,  is  a con- 
flcllatlon  of  the  fouthern  hemifphere.  See  Piscis 
Aiijlralis, 

AUTOMATON,  a feemingly  felf-moving  ma- 
chine ; or  one  fo  conftrudted,  by  means  of  weights, 
levers,  pullles,  fprings,  &c,  as  to  move  for  a confider- 
able time,  as  if  it  were  endued  with  animal  life. 
And  according  to  this  defeription,  clocks,  watches, 
and  all  machines  of  that  kind,  are  automata. 

It  is  faid,  that  Archytas  of  Tarentum,  400  years 
before  Chrift,  made  a wooden  pigeon  that  could  fly  ; 
that  Archimedes  alfo  made  fuch-like  automatons ; 
that  Regiomontanus  made  a wooden  eagle  that  flew 
forth  from  the  city,  met  the  emperor,  fainted  him, 
and  returned  ; alfo  that  he  made  an  iron  fly,  which 
flew  out  of  his  hand  at  a feaft,  and  returned  again  af- 
ter flying  about  the  room  ; that  Dr.  Hook  made  the 
model  of  a flying  chariot,  capable  of  fupporting  it- 
felf  in  the  air.  Many  other  furprizing  automatons  we 
have  been  eye-witnefles  of,  in  the  prefent  age : thus, 
we  have  feen  figures  that  could  write,  and  perform 
many  other  aftions  in  imitation  of  animals:  M.  Vau- 
canfon  made  a figure  that  played  on  the  flute ; the 
fame  gentleman  alfo  made  a duck,  \vhich  was  capable 
of  eating,  drinking,  and  imitating  exactly  the  voice 
of  a natural  one  ; and,  what  is  ftill  more  furprizing, 
the  food  it  fwallowed  was  evacuated  in  a digefied  date, 
or  confiderably  altered  on  the  principles  of  folution ; 
alfo  the  wings,  vilcera,  and  bones  were  formed  for  as 
ftrongly  to  refemble  thofe  of  a living  duck  ; and  the 
adtions  of  eating  and  drinking  fliewed  the  flronged  re- 
femblance,  even  to  the  muddling  the  water  with  its 
bill.  M.  Le  Droz  of  la  Chaux  de  Fonds,  in  the  pro- 
vince of  Neufchatel,  has  alfo  executed  fome  very  cu- 
rious pieces  of  mechanifm:  one  was  a clock,  prefent- 
ed  to  the  king  of  Spain  ; which  had,  among  other 
curiofities,  a Theep  that  imitated  the  bleating  of  a na- 
tural one,  and  a dog  watching  a baflcct  of  fruit,  that 
barked  and  fnarled  when  any  one  offered  to  take  it 
away  ; befides  a variety  of  human  figures,  exhibiting 
motions  truly  furprifing.  But  all  thefe  feem  to  be  in- 
ferior to  M.  Kempell’s  chefs-player,  which  may  truly 
be  confidered  as  the  greatefl:  mailer-piece  in  mechanics 
that  ever -appeared  in  the  world.  See  alfo  Baptifla 
TMrta’s  Magia  Nat.  c.  19,  and  Scaliger’s  326. 

AUTUMN,  the  third  feafon,  when  the  harveft 
and  fruits  are  gathered  in.  This  begins  at  the  de- 
fceiiding  equinox,  which,  in  the  northern  hemifphere, 
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is  wbcii  ills  fun  enters  the  fign  Libra,  or  about  the 
2 2d  day  of  Auguft  ; and  it  ends,  when  winter  com- 
mences, about  the  fame  day  in  December. 

Autumn  AL,  fometliing  belonging  to  autumn.  Thus, 

Autumnal  Equinox^  the  time  when  the  fun  enters 
the  defeending  point  of  the  ecliptic,  where  it  crofles 
the  equinoctial ; and  is  fo  called,  becaufe  the  nights 
and  days  are  then  equal.  - 

Autumnal  Feint,  the  point  of  the  ecliptic  an- 
fwering  to  the  autumnal  equinox. 

Autumnal  Signs,  are  the  flgns  l.ibra,  Scorpio, 
Sagittary,  through  which  the  fun  pafl'cs  during  the 
autumn. 

AXIOM,  a felf-evident  truth,  or  a propolition  affent- 
cd  to  by  every  perfon  at  firll  light.  Such  as,  that  the 
whole  is  greater  than  its  part  ; that  a thing  cannot 
both  be  and  not  be  at  the  fame  time  ; and  that  from 
nothing,  nothing  can  arlfe. 

Some  Axioms  are  in  efTeft,  ftvidfly  fpeaking,  no 
other  than  identical  propofitions.  Thus,  to  fay  that 
all  right  angles  arc  equal  to  each  other,  is  as  much  as 
to  fay,  all  right  angles  are  right  angles  ; fuch  equality 
being  implied  in  the  very  definition,  or  the  very  name 
or  term  itfelf. 

Axiom  is  alfo  an  cltablilhcd  principle  in  fome  art  or 
fclence.  Thus,  it  is  an  axloni  in  phyfics,  that  nature 
does  nothing  in  vain  ; that  effects  are  proportional  to 
their  caufes  ; &c.  It  is  an  axiom  in  geometry,  that 
two  things  equal  to  the  fame  third  tiling,  are  alfo 
equal  to  each  other  ; that  If  to  equal  things  equals 
be  added,  the  fums  will  be  equal.  And  it  is  an 
axiom  in  optics,  that  the  angle  of  incidence  is  equal 
to  the  angle  of  refleclion.  In  this  fenfe  alfo  the 
general  laws  of  motion  are  called  axioms ; as,  that 
all  motion  is  reClilinear,  that  action  and  reaftion  are 
equal,  Szc, 

AXE  or  iAXIS,  in  Geometry,  the  flraight  line  in  a 
plane  figure,  about  which  it  revolves,  to  produce  or 
generate  a folld.  Thus,  if  a femicircle  be  moved 
round  its  diameter  at  red,  it  will  generate  a fphere, 
whafe  axis  is  that  diameter.  Aoid  if  a riglu-angled 
triangle  be  turned  about  its  petpendiciilar  at  red,  It 
will  deferibe  a cone,  whofe  axis  is  that  perpendicular. 

Axis  is  yet  more  generally  ufed  for  a right  line  con- 
ceived to  be  drawn  from  the  vertex  of  a figure  to  the 
middle  of  the  bafe.  So  the 

Axis  of  a circle  or  fphere,  is  any  line  drawn  through 
the  centre,  and  terminated  at  the  circumference,  on 
both  fides. 

Axis  a cone,  is  the  line  from  the  vertex  to  the 
centre  of  the  bafe. 

Axis  of  ci  cylinder,  is  the  line  from  the  centre  of 
- the  one  end  to  that  of  the  other. 

Axis  of  a conic  feBlon,  Is  the  line  from  the  prin- 
cipal vertex,  or  vertices,  perpendicular  to  the  tan- 
gent at  that  point.  The  elllpfe  and  hyperbola  have 
each  two  axes,  which  are  finite  and  perpendicular  to 
each  other  ; but  the  parabola  has  only  one,  and  that 
infialte  in  length. 

'Tranfuerfe  Axis,  in  the-Ellipfc  and  Hyperbola,  is 
the  diameter  pafTing  through  the  two  foci,  and  the 
two  principal  vertices  of  the  figure.  In  the  hyperbola 
it  is  the  rnorteft  diameter,  but  in  the  ellipfe  it  is  the 
longed. 
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Con/ngafe  Ayits,  or  Second  Axis,  in  the  Elhpfe  and 
Elypcrbola,  is  the  diameter  paffing  through  the  cen- 
tre, and  perpendicular  to  the  tranfverfe  axis;  and  Is 
the  diorted:  of  all  the  conjugate  diameters. 

Axis,  of  a curve  line,  is  hill  more  generally  ufed 
for  that  diameter  which  lias  its  ordinates  at  rigiit  an- 
gles to  it,  when  that  Is  pofiible.  For,  like  as  in  the 
conic  fedfions,  any  diameter  bifedts  all  its  parallel  or* 
dinates,  making  the  two  parts  of  them  on  both  fides 
of  it  equal;  and  that  diameter  which  has  inch  ordi- 
nates perpendicular  to  it,  is  an  Axis:  So,  in  curves  of 
the  fecond  older,  if  any  two  parallel  lines  each  meet- 
ing the  curve  in  tlirce  points  ; the  right  line  which 
cuts  thefe  two  parallels  fo,  that  the  fum  ol  the  two 
parts  on  one  fide  of  the  cutting  line,  between  it  and' 
the  curve,  is  equal  to  the  third  part  terminated  by  tlie 
curve  on  the  other  fide,  then  the  laid  line  will  in  like 
manner  cut  all  other  parallels  to  the  former  two  lines, 
viz,  fo  that,  of  every  one  of  them,  the  fum^  of  the 
two  parts,  or  ordinates,  on  one  fide,  will  be  equal  to 
the  third  part  or  ordinate  on  the  other  fide.  Such 
cutting  line  then  Is  a diameter;  a-nd  that  diameter 
whofe  parallel  ordinates  are  at  right  angles  to  it,  when 
pofTible,  is  an  Axis.  And  the  lame  for  other  curves 
of  hill  higher  orders.  Newton,  Enumeratio  Linea- 
rum  Tertli  Ordinis,  fetl.  2,  art.  i. 

Axis,  in  Ajlronomy,  As,  the  Axis  of  the  world ^ 
is  an  imaginary  right  line  conceived  to  pafs  through 
the  centie  of  the  earth,  and  terminating  at  each  end 
in  the  furface  of  the  mundane  fphere.  About  tins 
line,  as  an  axis,  the  fphere,  in  the  Ftolomaic  fyhem, 
is  fuppofed  daily  to  revolve. 

Axis  the  Earth,  is  the  line  conne6ling  its  twi^ 
poles,  and  about  which  the  earth  performs  its  di- 
urnal rotation,  from  wch  to  eall.  This  is  a part 
of  the  axis  of  the  world,  and  always  remains  pa- 
rallel to  itfelf  during  tlie  motion  of  the  earth  in  its 
orbit  about  the  fun,  and  perpendicular  to  the  plane  ot 
the  equator. 

Axis  of  a Planet,  is  the  line  palTing  tiirough  its 
centre,  and  about  which  the  planet  revolves. — The 
Sun,  Earth,  Moon,  Jupiter,  hlars,  and  Venus,  it  is 
known  from  obfervation,  move  about  their  fcvcral 
axes;  and  Ihe  like  motion  is  cafily  inferred  of  the 
other  three,  Mercury,  Saturn,  and  Georgian  planet. 

ikxis  of  the  Hori’zin,  Equator,  Ecliptic,  Zodiac, 
odc,  are  riglit  lines  pafling  through  the  centres  of 
thole  circles,  perpendicular  to  their  planes. 

Axis  of  a JSlagnet,  or  magnctical  Axis,  is  a linepafT- 
through  the  middle  of  a magnet,  lengthwife  ; in 
fuch  manner,  that  however  the  magnet  be  divided, 
provided  the  divifion  be  made  according  to  a plane 
paffing  through  that  line,  the  nragnet  will  then  be 
cut  into  two  loadllones.  And  the  extremities  of  fuch 
lines  are  called  the  poles  of  the  hone. 

Axis  in  Mechanics, — The  axis  of  a balance,  is  the 
line  upon  which  it  moves  or  turns. 

Kxis  cif  Ofcdlation,  Is  a line  parallel  to  the  hori- 
zon, palling  through  the  centre  about  which  a pendu- 
lum vibrates,  and  perpendicular  to  the  plane  in  which 
it  ofcillatcs. 

Axis  in  Pcritrochio,  or  wheel  and  axle.  Is  one  of 
the  five  mechanical  powers,  or  fimple  machines  ; con- 
trived chiclly  for  the  raifing  of  weights  to  a confide r- 
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atic  height,  as  water  from  a well,  &c.  This  machine 


con  fids  oF  a circle  AB,  concentric  with  the  bafe  of 
a cylinder,  and  moveable  together  with  it  about  its 
axis  CD.  This  cylinder  is  called  the  axis  ; and  the 
circle,  the  periirochium ; and  the  radii,  or  Ipokes, 
which  are  fometiraes  fitted  immediately  into  the  cy- 
linder, without  any  circle,  the  fcytala.  About  the 
axis  winds  a rope,  or  chain,  by  means  of  which  great 
weights  are  raifed  by  turning  the  wheel. — The  axis 
in  peritrochio  takes  place  in  the  motion  of  every  ma- 
chine, in  which  a circle  may  be  conceived  as  defcribed 
about  a fixed  axis,  concentric  with  the  plane  of  a cy- 
linder about  which  It  is  placed  5 as  in  Crane  wheels, 
Mill  wheels,  Capftans,  &c. 

The  chief  properties  of  the  Axe-in*peritrochio,  are 
as  follow  : 

1.  If  the  power  F applied  in  the  direftion  AF  a 
^ tangent  to  the  circumference,  or  perpendicular  to  the 

fpoke,  be  to  a weight  E,  as  the  radius  of  the  axis 
Cf  Is  to  the  radius  of  the  wheel  AD,  or  the  length 
of  the  fpoke  j the  power  will  juft  fuftain  the  weight; 
that  is,  the  power  and  the  weight  will  be  in  equilibrio, 
when  they  are  in  the  reciprocal  proportion  of  their 
diftances  from  the  centre. 

2.  When  the  wheel  moves,  with  the  power  and 
weight ; the  velocities  of  their  motion,  and  the  fpaces 
pafled  over  by  them,  wall  be  both  in  the  fame  propor- 
tion as  above,  namely,  diredlly  proportional  to  their 
diftances  from  the  centre,  and  reciprocally  proportion- 
al to  their  own  weights  when  they  are  in  equilibrio. 

3.  A power,  and  a weight,  being  given  to  conftnuT 
an  axis-in-peritrochio,  by  which  it  ftiall  be  fuftained 
and  raifed.  Let  the  axis  be  taken  large  enough  to 
fupport  the  weight  and  power  without  breaking : 
then,  as  the  weight  is  to  the  power,  fo  make  the  ra- 
dius of  the  wheel  to  the  radius  of  the  axis.  Hence, 
if  the  power  be  very  fmall  in  refpeH  of  the  weight, 
the  radius  of  the  wheel  will  be  vaftly  great.  For  ex- 
ample, fuppofe  the  weight  4050,  and  the  power  only 
50;  then  the  radius  of  the  wheel  will  be  81  times 
that  of  the  axis  ; which  would  be  a very  Inconvenient 
fize.  But  this  inconvenience  is  provided  againft  by 
increafing  the  number  of  the  wheels  and  axes  ; mak- 
ing one  to  turn  another,  by  means  of  teeth  or  pinions. 
And  to  find  the  effed  of  a number  of  wheels  and 
axes,  thus  turning  one  another,  multiply  together, 
all  the  radii  of  the  axes,  and  all  the  radii  of  tlie 
wheels,  and  then  it  will  be,  as  the  produdt  of 
the  former  is  to  the  produd  of  the  latter,  fo  is  the 
power  to  the  weight.  So,  if  there  be  4 wheels  and 
axes,  the  radius  of  each  axis  being  i foot,  and  the 


radius  of  each  wheel  3 feet;  then  the  continual  pro- 
dud  of  all  the  wheels  133x3x3x3  or  81  feet,  and 
that  of  the  axis  only  I ; therefore  the  effed  is  as  8 1 
to  I,  or  the  weight  is  81  times  the  power.  And,  on 
the  contrary,  if  it  be  required  to  find  the  diameter  of 
each  of  four  equal  wheels,  by  which  a weight  of 
40  5;olb  fliali  be  balanced  by  a power  of  yolb,  the  dia- 
meter of  each  axis  being  i foot : dividing  4050  by  50, 
the  quotient  is  8 1 ; extrad  the  4th  root  of  8r,  or 
twice  the  fqiiare  root,  and  it  will  give  3^  for  the  dia- 
meter of  the  four  wheels  fought. 

Axis  of  a vejfel^  Is  that  quiefeent  right  line  paffing 
through  the  middle  of  it,  perpendicular  to  its  bafe, 
and  equally  diftant  from  its  fides. 

Axis  In  Optics. — Optic  Axlsy  or  niifnaJ  axis,  is  a ray 
palling  through  the  centre  of  the  eye,  or  falling  per- 
pendicularly on  the  eye. 

Axis  of  a lens,  or  glafs,  is  the  axis  of  the  folld  of 
which  the  lens  is  a fegment.  Or  the  axis  of  a 
glafs,  is  the  line  joining  the  two  vertices  or  middle 
points  of  the  two  oppofite  furfaces  of  the  glafs. 

Axis  Incidence,  in  Dioptrics,  is  the  line  palling 
through  the  point  of  incidence,  perpendicularly  to  the 
refrading  furface. 

Axis  of  RefraUlon,  is  the  line  continued  from  the 
point  of  incidence  or  refradion,  perpendicularly  to 
the  refrading  furface,  along  the  further  medium. 

AZIMUTH,  of  the  fun,  or  ftar,  5cc,  is  an  arch  of 
the  horizon,  intercepted  between  the  meridian  of  the 
place,  and  the  azimuth  or  vertical  circle  palling  through 
the  fun  or  ftar;  and  is  equal  to  the  angle  at  the.  ze- 
nith formed  by  the  faid  meridian  and  vertical  circle. 
Or  it  is  the  complement  to  the  eaftern  or  weftern 
amplitude. — The  azimuth  is  thus  found  by  trigo- 
nometry ; 

As  radius  is  to  the  tangent  of  the  latitude, 

So  is  the  tangent  of  the  altitude  of  the  fun  or  ftar. 
To  the  cofine  of  the  azimuth  from  the  fouth,  at 
the  time  of  the  equinox. 

Azimuth,  magnetic al,  an  arch  of  the  horizon  con- 
tained between  the  magnetical  meridian,  and  the 
azimuth  or  vertical  circle  of  the  objed ; or  its  appa- 
rent diftance  from  the  north  or  fouth  point  of  the 
compaft.  This  is  found  by  obferving  the  fun,  or  ftar, 
&c,  with  an  azimuth  compafs,  when  it  is  lo  or  15  de- 
grees high,  either  before  or  after  noon. 

Azimuth  Compass,  an  inftrument  for  finding  ei- 
ther the  magnetical  azimuth  or  amplitude  of  a celeftlal 
objed.  The  defcription.and  ufe  of  this  inftrument, 
fee  under  the  article  Compass. 

Azimuth  Dial,  a dial  whofe  ftile  or  gnomon  is 
perpendicular  to  the  plane  of  the  horizon. 

Azimuths,  or  Vertical  Circles,  are  great  circles  of 
the  fphere  interfeding  each  other  in  the  zenith  and 
nadir,  and  cutting  the  horizon  at  right  angles. — Thefe 
azimuths  are  reprelented  by  the  rhumbs  on  common 
fea  charts  ; and  on  the  globe  by  the  quadrant  of  alti- 
tude, when  ferewed  in  the  zenith.  On  thefe  azimuths 
is  counted  the  height  of  the  fun  or  ftars,  &c,  when  out 
of  the  meridian. 
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BACK-Staff,  an  inftrumcnt  formerly  iifed  for 
taking  the  f^un’s  altitude  at  fea  ; being  fo  called 
bccaufe  the  back  of  the  obi'erver  is  turned  towards  the 
fun  when  he  makes  the  obfervation.  It  was  fometimes 
called  Davis’s  quadrant,  from  its  inventor  captain  John 
Davis,  a Welchman,  and  a celebrated  navigator,  who 
produced  it  about  the  year  1590. 

This  inftrument  confifts  of  two  concentric  arches  of 
box-wood,  and  three  vanes  : the  arch  of  the  longer 
radius  is  of  30  degrees,  and  the  other  60  degrees, 
making  between  them  90  degrees,  or  a quadrant : alfo 
the  vane  A at  the  centre  is  called  the  hori%on--jane^ 
that  on  the  arch  of  60°  at  B the  Jhade-vancy  and  that 
on  the  other  arch  at  C thufght-vane. 


being  put  on  at  A,  and  the  fght-vane  on  the  30  arch 
F G,  the  obferver  turns  his  back  to  the  fun,  lifts  up 
the  inhrumcnt,  and  looks  through  the  hght-vane, 
railing  or  falling  the  quadrant,  till  the  fhadow  of  the 
upper  edge  of  the  fhade  vane  fall  on  the  upper  edge  of 
the  flit  in  the  horizon-vane  ; and  then  if  he  can  fee  the 
horizon  though  the  faid  Hit,  the  obfervation  is  exacl, 
and  the  vanes  are  right  fet : But  if  the  fea  appear  in- 
ftead  of  the  horizon,  the  fight-vane  muh  be  moved 
downward  towards  F ; or  if  the  llcy  appear,  it  mull  be 
moved  upw^ard  towards  G ; thus  trying  till  it  comes 
right ; the  obferver  then  examines  how  many  degrees 
and  minutes  are  cut  by  that  edge  of  the  fight-vane 
that  anfwers  to  the  fight  hole,  and  to  them  he  adds  the 
degrees  cut  by  the  upper  edge  of  the  lhade-vane  ; then 
the  fum  is  the  fun’s  dillancc  from  the  zenith,  or  the 
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complement  of  the  altitude ; that  is,  ©f  his  upper 
limb  w'hen  the  upper  end  of  the  lhade-vane  is  ufedria 
the  obfervation,  or  of  his  lower  limb  when  the  lower 
part  of  that  vane  is  ufed  ; therefore  in  the  former  cafe 
add  16  minutes,  the  fun’s  femidiametcr,  and  fubtradi 
16  minutes  in  the  latter  cafe,  to  give  the  zenith  dif- 
tance  or  co-altitude  of  the  fun’s  centre. 

Mr.  Flamfleed  contrived  a glafs  lens,  or  double 
convex,  to  be  placed  in  the  middle  of  the  lhade-vane, 
which  throws  a fmall  bright  fpot  on  the  flit  of  the 
horizon-vane,  inllead  of  the  fliade  ; which  is  a great 
improvement,  if  the  glafs  be  truly  made  ; for  by  this 
means,  the  inftrument  may  be  ufed  in  hazy  weather, 
and  a much  more  accurate  obfervation  made  at  all 
times. 

BACON  ( Roger),  an  Englilh  monk  of  the  Franclf- 
can  order,  an  amazing  inftance  of  genius  and  learning, 
was  born  near  Ilcheller  in  Somerfetlhire,  in  the  year 
' 1214.  He  commenced  his  ftudies  at  Oxford;  from 
whence  he  removed  to  the  univetfity  of  Paris,  which 
at  that  time  was  eftcemed  the  centre  of  literature ; and 
where  it  feems  he  made  fuch  progrefs  in  the  fciences, 
that  he  was  efteemed  the  glory  or  that  univerfity,  and 
was  there  greatly  carefied  by  feveral  of  his  countrymen, 
particularly  by  Robert  Groothead  or  Grouthead,  af- 
terwards blfliop  of  Lincoln,  his  great  friend  and  pa- 
tron. Having  taken  the  degree  of  do6lor,  he  returned 
to  England  in  1240,  and  took  the  habit  of  the  Francif- 
can  order,  being  but  about  26  years  of  age  ; but  ac- 
cording to  fome  he  became  a monk  before  he  left 
France.  He  now  purfued  his  favourite  ftudy  of  experi- 
mental philofophy  withunremitting  ardour  andafliduity. 
In  this  purfuit,  in  experiments,  inftruments,  and  in 
fcarce  books,  he  informs  us  he  fpent,  in  the  courfe  of 
20  years,  no  Icfs  than  2000/,  an  amazing  fum  in  thole 
days,  and  which  fum  it  feems  was  generoully  furnilhed 
to  him  by  fome  of  the  heads  of  the  univerfity,  to  en- 
able him  the  better  to  purfue  liis  noble  refearches.  By 
fuch  extraordinary  talents,  and  amazing  progrefs  in  the 
fcieuces,  which  in  that  ignorant  age  were  fo  little  known 
to  the  reft  of  mankind,  while  they  raifed  the  admira- 
tion of  the  more  intelligent  few,  could  not  fail  to  ex- 
cite the  envy  of  his  illiterate  fraternity,  wdiofe  malice 
he  farther  drew  upon  him  by  the  freedom  with  which 
he  treated  the  clergy  in  his  writings,  in  which  he 
fparod  neither  their  ignorance  nor  their  want  of  morals; 
tliefe  therefore  found  no  difficulty  in  pofteffing  the  vul- 
gar with  the  notion  of  Bacon’s  dealing  with  the  devil. 
Under  this  pretence  he  was  relliained  from  reading  lec- 
tures ; his  w'ritings  were  confined  to  his  convent ; and 
at  length,  in  1278,  he  himfelf  was  imprifoned  in  his 
cell,  at  64  years  of  age.  However,  being  allow^ed 
the  ufe  of  his  books,  he  ftill  proceeded  in  the  rational 
purfuit  of  knowledge,  corrcdling  his  former  labours, 
and  writing  feveral  curious  pieces. 
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When  Bacon  had  been  10  years  in  confinement, 
Jerom  de  Afcoli,  general  of  his  order,  who  had  con- 
demned his  doflrine,  was  chofen  pope  by  the  name  of 
Nicholas  IV  ; and  being  reputed  a perfon  of  great 
abilities,  and  one  who  had  turned  his  thoughts  to  phi- 
lofophicai  iludies,  Bacon  refolved  to  apply  to  him  for 
his  difciiarge  ; and  to  fhew  both  the  innocence  and  the 
ufefulnefs  of  his  iludies,  addreffed  to  him  a treatil'e  Gn 
the  means,  of  avoiding  the  hrfrmltles  of  old  age.  What 
effect  this  had  on  the  pope  does  not  appear  ; it  did  not 
at  lead  produce  an  immediate  difeharge  ; however,  to- 
wards tlie  latter  end,  of  his  reign,  by  the  interpofition 
of  fome  noblemen,  Bacon  obtained  his  liberty  ; after 
which  he  fpent  the  remainder  of  his  life  in  the  college 
of  his  order,  where  he  died  in  the  year  1294,  at  80 
vears  of  aee,  and  w^as  buried  in  the  Francifean  churclt. 
buch  are  the  few  particulars  which  the  moil  diligent  re- 
fearclies  have  been  able  to  difeover  concerning  the  life 
of  this  very  extraordinary  man. 

Bacon’s  printed  wmrks  are,  \..Ep\fola  Fratru  Roger'i 
Raconis  de  dec  ret  is  Operihus  Artis  et  ISaturee^  et  de  Nul- 
lltate  Magut  : Paris,  1542,  In  4to.  Bafil,  i 593,  in  8vo. 
2.  Opus  Majus : London,  1733,  in  fob  publifhed  by 
I3r.  Jebb.  3.  Fhefauriis  Chcmicus  i Francf,  1603  and 
1620.  Thefe  printed  works  of  Bacon  contain  a con- 
iiderable  number  of  effays,  which  have  been  confidered 
as  dillindl  books  in  the  catalogue  of  his  waitings  by 
Bale,  Pitts,  &c  ; but  there  remain  alfo  in  different  libra- 
ries feveral  manuferipts  not  yet  publifned. 

By  an  attentive  periifal  of  his  wmrks,  the  reader  is 
aflonlfhed  to  find  that  this  great  luminary  of  the  13th 
century  was  deeply  drilled  in  all  the  arts  and  fciences, 
and  In  many  of  them  made  the  moft  important  inven- 
tions and  difeoveries.  He  was,  fays  Dr.  Peter  Shaw, 
beyond  all  comparifon  the  greateft  man  of  his  time, 
and  he  might  perhaps  ftand  in  competition  with  the 
greateft  that  have  appeared  fince.  It  is  wmnderful,  con- 
iidering  the  Ignorant  age  in  which  he  lived,  how  he 
came  by  fuch  a depth  of  knowdedge  on  all  fubjedts. 
His  writings  are  corapofed  with  that  elegance,  con- 
cifenefs  and  flrength,  and  adorned  with  fuch  juft  and 
exquifite  obfervations  on  nature,  that,  among  all  the 
ch  emifts,  we  do  not  know  his  equal.  In  his  chemical 
writings,  he  attempts  to  fnew  how  imperfefl  metals 
may  be  ripened  Into  perfedl  ones  ; making,  with  Geber, 
mercury  the  common  bafts  of  all  metals,  and  fulphur 
the  cement. 

Plis  other  phyftcal  writings  ftiew  no  lefs  genius  and 
force  of  mind.  In  his  treatife  Of  the  Secret  IVorks  of 
Art  and  Nature,  he  ftiews  that  a perfon  perfeftly  ac- 
quainted w'ith  the  manner  obferved  by  nature  in  her 
operations,  would  be  able  to  rival,  and  even  to  furpafs 
her.  In  another  piece,  Of  the  Nullity  of  Magic,  he 
/hews  with  great  lagacity  and  penetration,  whence  the 
notion  of  it  fprung,  and  how  weak  all  pretences  to  it 
are.  From  a perufal  of  liis  works,  adds  the  fame 
author,  we  find  Bacon  was  no  ftranger  to  many  of  the 
capital  difeoveries  of  the  prefent  and  paft  ages.  Gun- 
powder he  certainly  knew  ; thunder  and  lightning,  he 
tells  us,  may  be  produced  by  art;  for  tliat  fulphur,  nitre 
and  charcoal,  which  when  feparate  have  no  fenftble 
efteff,  yet  when  mixed  together  in  due  proportion,  and 
clofely  confined,  and  fired,  they  yield  a loud  report. 
A more  precife  defcription  of  gunpawder  cannot  be 


given  in  w’ords.  He  alfo  mcritlons  a fort  of  iincxtin* 
guifhable  fire  prepared  by  art  : which  fhews  he  was  not 
unacquainted  w ith  pliofphoriis  : and  that  he  had  a no- 
tion of  the  rarefaction  of  the  air,  and  the  ftrinfture  of  an 
air-pump,  is  paft  contraditlion.  He  was  the  miracle, 
fays  Dr.  Freind,  of  the  age  he  lived  in,  and  the 
greateft  genius,  perhaps,  for  mechanical  knowledge, 
that  ever  appeared  in  the  world  iince  Archimedes.  Fie 
appears  hkcwiie  to  have  betm  mailer  of  the  whole 
fcience  of  optics : he  has  accurately  deferibed  the  iifesof 
rcading-glaffcs,  and  (liewn  the  way  of  making  them. 
Dr.  Freind  adds,  tliat  he  alfo  defevibes  the  camera 
obfema,  and  all  forts  of  glaffes,  which  magnify  or  di- 
minifli  any  objedf,  or  bring  it  nearer  to  tlie  eye,  or  re- 
move it  farther  off.  Bacon  lays  himfelf,  that  lie  had 
great  numbers  of  burning-glaftes  : and  that  there  were 
none  ever  in  ufe  among  the  Latins,  till  his  friend  Pe- 
ter de  Mahara  Curia  applied  himfelf  to  the  making  of 
them.  That  the  telefcope  was  not  unknown  to  him, 
appears  from  a paft'age  where  he  fays,  that  he  was  able 
to  form  glaftes  in  fuch  a manner,  with  refpedt  to  our 
fight  and  the  objedts,  that  the  rays  ftiallbe  refradled  and 
relieved  wherever  we  pleafe,  fo  that  we  may  fee  a thing 
under  what  angle  w^e  think  proper,  either  near  or  at  a 
diftance,  and  be  able  to  read  the  fmalleft  letters  at  an 
incredible  diftance,  and  to  count  the  dull  and  fand,  on 
account  of  the  greatnefs  of  the  angle  under  which  we 
lec  the  objects ; and  alfo  that  we  lhall  fcarce  fee  the 
greateft  bodies  near  us,  on  accountof  the  fmallnefs  of  the 
angle  under  which  we  view  them.  His  fttili  in  aftro- 
nomy  was  amazing;  he  difeovered  that  error  wdiich  oc- 
calioned  the  reformation  of  the  calendar  ; one  of  the 
greateft  efforts,  according  to  Dr.  Jebb,  of  human  in- 
duftry  : and  his  plan  for  correfting  it  was  followed  by 
pope  Gregory  the  13th,  with  this  variation,  that  Bacon 
would  have  had  the  correflion  to  begin  from  the  birth 
of  our  Saviour,  whereas  Gregory’s  amendment  reaches- 
no  higher  than  the  Nicene  council. 

BACON  (Francis),  baron  of  Verulam,  vlfcoimt  of 
St.  Albans,  and  lord  hiTn  chancellor  of  EnHand  under 
king  James  I.  He  was  born  in  i'560,  being  fon  of  Sir 
Nicholas  Bacon  lord  keeper  of  the  great  feal  in  the 
reign  of  queen  Elizabeth,  by  Anne  daughter  of  Sir 
Anthony  Cook,  eminent  for  her  /kill  in  the  Latin  and 
Greek  languages.  He  gave  even  in  his  infancy  tokens- 
of  what  he  would  one  day  become  ; and  queen  Eliza- 
beth had  many  times  occafton  to  admire  his  wit  and 
talents,  and  ufed  to  call  him  her-  young  lord  keeper. 
He  ftudied  the  philofophy  of  Ariftotle  at  Cambridge  ; 
where  he  made  fuch  progrefs  in  his  ftudies,  that  at  16 
years  of  age  he  had  run  through  the  wdiole  circle  of  the 
liberal  arts  as  they  were  then  taught,  and  even  began  to 
perceive  thofe  imperfedlions  in  the  reigning  philofophy,. 
which  he  afterwards  io  effedlually  expofed,  and  thence 
not  only  overturned  that  tyranny^  which  prevented  the 
progrefs  of  true  knowledge,  but  laid  the  foundation  of 
that  free  and  ufeful  philofophy  which  has  ftnee  opened 
a way  to  fo  many  glorious  difeoveries.  On  his  leaving 
the  univerftty,  his  father  fent  him  to  France;  where, 
before  he  was  19  years  of  age,  be  wrote  a general  view 
of  the  ftate  of  Europe  : but  his  father  dying,  he  was 
obliged  fuddenly  to  return  to  England  ; where  he  ap- 
plied himfelf  to  the  fludy'  of  the  common  law,  at 
Gray’s-inn.  His  merit  at  length,  raifed  him  to  the 
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higheil:  dignities  in  his  profefiion,  attorney-general,  and 
lord  high  chancellor.  But  being  of  an  eafy  and  li- 
beral difpofition,  his  fei  vants  took  advantage  of  that 
temper,  and  their  fituation  under  him,  by  accepting 
prefents  in  the  line  of  his  proFeflion.  Being  aban- 
doned by  the  king,  he  was  tried  by  the  houfe  of  lords, 
for  bribery  and  corruption,  and  by  them  fentenced  to 
pay  a fine  of  40,000/.  and  to  remain  prifoner  in  the 
Tower  during  the  king^s  pleafiire.  The  king  however 
foon  after  remitted  the  fine  and  punifliment  : but  his 
misfortunes  had  given  him  a diilaile  for  public  affairs, 
and  he  afterwards  molUy  lived  a retired  life,  clofely 
purfuing  his  philofophical  fhidies  and  nmufements,  in 
which  time  he  compofed  the  greatefl  part  of  his  Eng- 
lifh  and  Latin  works.  Though  even  in  the  midil  of 
his  honours  and  employments  he  forgot  not  his  philo- 
fophy,  but  in  1620  publiflied  his  greiit  work  Novum 
Organum.  After  fome  years  fpent  in  his  philofophical 
retirement,  be  died  in  1626,  being  66  years  of  age. 

The  chancellor  Bacon  is  one  of  thofe  extraordinary 
geniufes  who  have  contributed  the  mofl  to  the  advance- 
ment of  the  fciences.  He  clearly  perceived  the  im- 
perfedlion  of  the  fchool  philofophy,  and  he  pointed  out 
the  only  means  of  reforming  it,  by  proceeding  in  the 
oppofite  way,  from  experiments  to  the  difeovery  of  the 
laws  of  nature.  Addifon  has  faid  of  him.  That  he  had 
the  found,  diflindf,  com  prehen  five  knowledge  of  Arif- 
totle,  with  all  tlie  beautiful  light  graces  and  embelliflt- 
ments  of  Cicero,  Mr.  Walpole  calls  him  the  Prophet 
of  Arts,  which  Newton  was  afterwards  to  reveal  ; and 
adds,  that  his  genius  and  his  works  will  be  univerfally 
admired  as  long  as  fcience  exills.  He  did  not  yet,  faid 
another  great  man,  underilawd  nature,  but  he  knew  and 
pointed  out  all  the  ways  that  lead  to  her.  He  very 
early  defpifed  all  that  the  univerfities  called  philofophy; 
and  he  did  every  thing  in  his  power  that  they  fhould 
not  difgrace  her  by  their  quiddities,  their  horrors 
of  a vacuum,  their  fubdantial  forms,  and  fuch  like 
impertinencies. 

He  compofed  two  works  for  perfedfing  the  fciences. 
The  former  On  the  Dignify  and  Augmentation  of  the 
Sciences,  He  here  fliews  the  date  in  which  they  tlien 
were,  and  points  out  what  remains  to  be  difeovered  for 
perfecling  them  ; condemning  the  unnatural  way'  of 
Ariftotle,  in  reverfing  the  natural  order  of  things.  He 
here  alfo  propofes  his  celebrated  divifion  of  the 
fciences. 

To  remedy  the  faults  of  the  common  logic,  Bacon 
compofed  his  fecond  v;ork,  tlie  Nevj  Orga?i  of  Sciences, 
above-mentioned.  He  here  teaches  a new  logic,  the 
chief  end  of  which  is  to  fhew  how  to  make  a good  in- 
ference, as  that  of  Aridotle’s  is  to  make  a fyllogifm. 
Bacon  was  18  years  in  compofing  this  work,  and  he  al- 
ways eftemed  it  as  the  chief  of  his  compofitions- 

The  pains  which  Bacon  beftowed  upon  all  the  fciences 
in  general,  prevented  him  from  making  any  confider- 
able  applications  to  any  one  in  particular : and  as  he 
knew  that  natural  philofophy  is  the  foundation  of  all 
the  other  fciences,  he  chiefly  endeavoured  to  give  per- 
feiflon  to  it.  He  therefore  propofed  to  ettablifli  a 
new  fydem  of  phyfics,  rejedting  the  doubtful  principles 
of  the  ancients.  For  this  purpofe  he  took  the  refo- 
lution  of  compofing  every  month  a treatife  on  fome 


branch  of  phyfics  ; he  accordingly  began  wdth  that  of 
the  winds  ; then  he  gave  that  of  heat  ; next  that  of 
motion  ; and  laftly'"  that  of  life  and  death.  But  as  it 
was  impolfible  that  one  man  alone  could  fo  compofe  the 
whole  circle  of  fciences  with  the  fame  precifion,  after 
having  given  thele  patterns,  to  ferve  as  a model  to  tliofe 
who  might  choofe  to  labour  upon  his  principles,  he  con- 
tented himfelf  with  traciiifr  in  a few  words  the  delu''ii 
of  four  other  tradfs,  and  with  furniiliing  the  materials, 
in  his  Silva  Silvarum,  wliere  he  liasamaffed  a vaft  num- 
ber of  experiments,  to  ferve. as  a foundation  for  his  new 
phyfics.  In  fadl,  no  one  before  Bacon  underftood  any 
thing  of  the  experimental  philofophy  ; and  of  all  tlie 
phylical  experiments  which  have  been  made  fince  his 
time,  there  is  fcarccly  one  that  is  not  pointed  out  in  his 
works. 

This  great  precurfor  of  philofophy  was  alfo  an  ele. 
gant  writer,  an  hiltorian,  and  a wit.  His  moral  elfays 
arc  valuable,  but  are  formed  move  to  iidlrudl  than  to 
pleafe.  Tliere  are  excellent  things  too  in  his  work  On 
the  U'lfdoni  of  the  Ancients, '\n  which  he  lias  moralized  the 
fables  which  formed  the  theology  of  the  Greeks  and  Ro- 
mans. He  wrote  alfo  The  Hijlory  of  Henry  the  Vllth 
ling  of  Kngland,  by  which  it  appears  that  he  was  not 
Icfs  a great  politician  than  a great  philofopher. 

Bacon  had  alfo  fome  other  writings,  piiblifhed  at  dif- 
ferent times  ; the  whole  of  which  were  colledled  tog-e- 
ther,  and  publilhed  at  Frankfort,  in  the  year  1665,  in. 
a large  folio  volume,  with  an  introdudlion  concerning 
liis  life  and  writings.  xAnother  edition  of  his  works  was 
publifbed  at  London  in  1 740 ; the  enumeration  of' 
which  is  as  below  : 

1.  De  Dignitate  et  Augmentis  Scientianim. 

2.  Novum  Organum-  Scientiarum,  five  Jiidicia  vera 
de  Interpretatione  Naturae  ; cum  Parafeeve  ad  Hitlo- 
riam  Naturalem  & Experimentalem. 

3.  Phccnomena  Lbiiveiii,  five  Hikoria  Naturalis  & 
Experimentalis  de  Ventis ; Hift'oria  Denfi  6c  Raid  ; 
Lliiloria  Gravis  & I.evis  ; Hilloria  Sympathiae  & An- 
tipathice  Rerum;  Hilioria  Sulphuris,  Mercurii,  & Salis; 
Hilloria  Vitae  5:  Mortis;  Lliiloria  Naturalis  & Experi- 
inentolis  de  Forma  Calidi  ; De  Motus,  five  VirtutivS 
adtiviE  variis  fpeciebus  ; Ratio  invtniendi  caufas  FIuxus 
«Sc  Refluxus  Maris  ; dec. 

4.  Silva  Silvarum,  five  Hilloria  Naturalis. 

5.  Novus  Atlas. 

6.  Hilloria  RegnI  Henrici  vii  Angllae  Regis. 

7.  Sermones  Fideles,  Ethici,  Politici,  Oeconomici, 

8.  De  Sapientia  Vcteruin. 

BxVCULE,  in  Fortification,  a kind  of  portcullis,  or 
gate,  made  like  a pit-fall,  with  a counterpoife,  and 
fupported  with  two  great  llakes.  It  is  ufually  made 
before  the  corps  de  garde,  not  far  from  the  gate  of  a 
place. 

BACULOMETRY,  the  art  of  meafurlng  either 
accefiible  or  inaccelTible  lines,  by  the  help  of  lacidi, 
haves,  or  rods.  Schwenter  has  explained  this  art  in 
his  Gsometria  Practica  ; and  the  rules  of  it  are  delivered 
by  V/olfius,  in  his  Elements:  Ozanam  alfo  gives  an  il- 
luflration  of  the  principles  of  Baculometry\ 

BA  ILLY  (Jean  Sylvain),  a celebrated  French 
ah  ronomer,  hlltorlographer,  and  politician,  was  born  at 
Paris  the  13th  of  September  1736,  and  has  figured  as 
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one  of  the  greatell  men  of  the  age,  being  a member  of 
feveral  academies,  and  an  excellent  fcholar  and  writer. 
He  enjoyed  for  feveral  years  the  office  of  keeper  of  the 
king’s  picliires  at  Paris.  He  publiflied,  in  1 766,  a 
volume  in  4to,  Ejfay  on  the  ’Theory  of  'Jupiter'* s Sa- 
tellites, preceded  by  a Plillory  of  the  Aftronomy  of  thefe 
Satellites.  In  the  Journal  Encyclopedique  for  May  and 
July  1773,  he  addreffed  a letter  to  M.  Bernoulli,  Akro- 
mer  Royal  at  Berlin,  upon  fome  difeoveries  relative  to 
thefe  fatellites,  which  he  had  difputed.  In  1768  he 
publifhed  the  Eulogy  of  Leibnitz,  which  obtained  the 
prize  at  the  Academy  of  Berlin,  where  it  was  printed. 
In  1770  he  printed  at  Paris,  In  8vo,  the  Eulogies  of 
Charles  the  Vth,  of  de  la  Caille,  of  Leibnitz,  and 
of  Corneille.  This  laft  had  the  fecond  prize  at  the 
Academy  of  Roiien,  and  that  of  Moliere  had  the  fame 
honour  at  the  French  Academy. 

M.  Ballly  was  admitted  into  the  Academy  as  Adjun£l 
the  29th  of  January  1763,  and  as  Affociate  the  14th 
of  July  1770. — In  1775  came  out  at  Paris,  in  4to,  his 
Hijlory  of  the  Ancient  Afrotiomy,  in  I volume  : In  1779 
the  liftory  of  Modern  Aftronomy  in  2 volumes : and  in 
1787  the  Hijlory  of  the  Indian  and  Oriental  Aftronomy, 
being  the  2d  vol.  of  the  Ancient  Aftronomy. 

M.  Bailly’s  memoirs  publifhed  in  the  volumes  of  the 
Academy,  areas  follow  : 

Memoir  upon  the  Theory  of  the  Comet  of  1759. 

Memoir  upon  the  Epoques  of  the  Moon’s  motions  at 
the  end  of  the  laft  century. 

Firft,  fecond,  and  third  Memoirs  on  the  Theory  of 
Jupiter’s  Satellites,  1763. 

Memoir  on  the  Comet  of  1762:  vol.  for  1763. 

Aftronomical  Obfervations,  made  at  Noflon  : 1764. 

On  the  Sun’s  Eclipfe  of  the  ill  of  April,  1764. 

On  the  Longitude  of  Polling;  1764- 
Obfervations  made  at  the  Louvre  Bom  1760  to  1764: 

On  the  caufe  of  the  Variation  of  the  Inclination  of 
the  Orbit  of  Jupiter’s  fecond  Satellite  ; 1765. 

On  the  Motion  of  the  Nodes,  and  on  the  Variation 
of  the  Inclination  of  Jupiter’s  Satellites  ; 1766. 

On  the  Theory  of  Jupiter’s  Satellites,  publifhed  by 
M.  Bailly,  and  according  to  the  Tables  of  their  Mo- 
tions and  of  thofc  of  Jupiter,  publifhed  by  M.  Jeaurat ; 
1766. 

Obfervations  on  the  Oppofition  of  the  Sun  and  Ju- 
piter; 1768. 

On  the  Equation  of  Jupiter’s  Centre,  and  on  fome 
other  Elements  of  the  Theory  of  that  Planet;  1768. 

On  the  Tranfit  of  Venus  over  the  Sun,  the  3d  of 
June  1769  ; and  on  the  Solar  Eclipfe  the  4th  of  June 
the  fame  year  ; 1 769. 

In  the  beginning  of  the  revolution  in  France,  in 
1789,  M.  Ballly  took  an  aftive  part  in  that  bufmefs, 
and  was  fo  popular  and  generally  efleemed,  that  he  was 
chofen  the  firft  prefident  of  the  States  General,  and  of 
the  National  Affembly,  and  was  afterwards  for  two 
years  together  the  Mayor  of  Paris  ; in  both  which 
offices  he  condudfed  himfelf  with  great  fpirit,  and  gave 
general  fatisfaftion. 

He  foon^  afterward  however  experienced  a fad 
reverfe  of  fortune  ; being  accufed  by  the  ruling  party 
of  favouring  the  king,  he  was  condemned  for  incivifm 
and  wanting  to  overturn  the  Republic,  and  died  by 


the  Guillotine  at  Paris  on  the  eleventh  day  of  Novem- 
ber, 1793)  57  years  of  age. 

BAINERIDGE  (John),  an  eminent  phyficlan, 
aftronomer,  and  mathematician.  He  was  born  in  1582, 
at  Afhby  de  la  Zoucb,  Lelcefterffiire.  He  ftudied  at 
Cambridge,  where  having  taken  his  degrees  of  Bache- 
lor and  Mafter  of  Arts,  he  returned  to  Leicefterlhirc, 
where  for  fome  years  he  kept  a graramar-fehool,  and  at 
the  fame  time  praftifed  phyfic  ; employing  his  leifure 
hours  in  lludying  mathematics,  efpecially  aftronomy, 
which  had  been  his  favourite  fcience  from  his  earlieft 
years.  By  the  advice  of  his  friends,  he  removed  to 
London,  to  better  his  condition,  and  improve  himfelf 
with  the  converfation  of  learned  men  there  ; and  here 
he  was  admitted  a fellow  of  the  college  of  phyficians. 
Elis  defeription  of  the  comet,  which  appeared  in  1618, 
greatly  railed  his  charafler,  and  procured  him  the  ac- 
quaintance of  Sir  Henry  Savile,  vrho,  in  1619,  ap- 
pointed him  his  firft  profelTor  of  aftronomy  at  Oxford. 
On  his  removal  to  this  univerfity,  he  entered  a maf- 
ter commoner  of  Merton  college;  the  mafter  and  fel- 
lows of  which  appointed  him  junior  reader  of  Linacer’a 
leHure  in  1631,  and  fuperior  reader  in  1633.  Ashe 
refolved  to  publifli  correCl  editions  of  the  ancient  aftro- 
nomers,  agreeably  to  the  ftatutes  of  the  founder  of  his 
profeflbrftiip,  that  he  might  acquaint  himfelf  with  the 
difeoveries  of  the  Arabian  aftronomers,  he  began  the 
ftudy  of  the  Arabic  language  w'hen  he  was  above  40 
years  of  age.  Before  completing  that  work  however 
he  died,  in  the  year  1643,  at  61  years  of  age. 

Hr.  Bainbridge  wrote  many  works,  but  moft  of  them 
have  never  been  publiffied ; thofe  that  were  publKhed, 
Were  the  three  following,  viz  : 

1.  An  Aftronomical  Defeription  of  the  late  Comet, 
from  the  iSthof  November  1618,  to  the  i6th  of  De- 
cember following  ; 4tOj  London,  1619.— This  piece 
was  only  a fpecimen  of  a larger  work,  which  the 
author  intended  to  publifh  in  Latin,  under  the  title  of 
Cometographia. 

2.  Procli  Sphssra,  Ptolomael  de  Hypothefibus  Plane- 
tarum  liber  finguLris.  To  which  he  added  Ptolomy’s 
Canon  Regnorum.  He  collated  thefe  pieces  with  an- 
cient manuferipts,  and  gave  a Latin  verfion  of  them, 
illuftrated  witli  figures:  printed  in  4to,  1620. 

3.  Canicularla.  A treatife  concerning  the  Dog-ftar, 
and  the  Canicular  Days  : publiflied  at  Oxford  in  1648, 
by  Mr.  Greaves,  together  with  a demonftration  of  the 
heliacal  rlfing  of  Sirius,  the  dog-ftar,  for  the  parallel  of 
Lower  Egypt.  Dr.  Bainbridge  undertook  this  work 
at  the  requeft  of  archbifhop  Uftier,  but  he  left  it  im- 
perfect ; being  prevented  by  the  breaking  out  of  the 
civil  war,  or  by  death. 

There  were  alfo  feveral  differtatlons  of  his  prepared 
for  and  committed  to  the  prefs  the  year  after  his  death, 
but  the  edition  of  them  was  never  completed.  The 
titles  of  tliem  are  as  follow  : 

I ft,  Antiprogntdficon,  in  quo  Aftrologicte, 

Coeleftium  Domorum,  et  Triplicltatum  Commentis, 
magnlfquc  Saturni  et  Jovis  (cujufmodi  anno  1623,  et 
1643,  contigenmt,  et  vlcefimo  fere  quoque  deinceps 
anno,  ratis  naturae  legibus,  recurrent)  ConjunCtionibus 
innixae,  Vanltas  breviter  detegitur. 

2nd,  De  Meridionorum  five  Lohgitudinum  Diftc- 
rentlis  inveniendis  Diftertatio. 

3d,  De 
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3d,  De  Stella  Veneris  DIatriba. 

Befide  the  foregoing,  there  were  feveral  other  tracts, 
never  printed,  but  left  by  his  will  to  archbifliop  Udier; 
among  whofe  maniifcripts  they  are  preferred  in  the  li- 
brary of  the  college  of  Dublin.  Among  which  are 
the  following : 1.  A Theory  of  the  Sun.  2.  A 

Theory  of  llie  Moon.  3.  A Dilcourfe  concerning 
the  Quantity  of  the  Year.  4.  Two  volumes  of  Aftro- 
nomical  Obiervations.  5.  Nine  or  ten  volumes  of 
Mllcelianeous  Papers  relating  to  Mathematical  fub- 
jetfy. 

BAKER  (Thomas),  a mathematician  of  fome 
eminence,  was  born  at  Ilton  in  Somerfetfhire,  in  1625, 
He  entered  upon  his  Itudies  at  Oxford  in  164c,  wheie 
he  remained  feven  years  He  was  afterwards  appointed 
vicar  of  Bifhop’s-Nymmet  in  Devonlhire,  where  he  lived 
a ItudioLis  and  retired  life  for  many  years,  chiefly  pur- 
fuing  the  mathematical  fciences ; of  which  he  gave 
a proof  of  his  critical  knowledge,  in  the  book  he 
publifhed,  concerning  the  general  conflruftion  of  bi- 
quadratic equations,  -bv  a parabola  and  a circle  ; the 
title  of  which  book  at  full  length  is,  “ The  Geometri- 
cal Key  ; or  the  Gate  of  Equations  unlocked  ; or  a 
new  difcovery  of  the  Conflruftion  of  all  Equations, 
howfoever  affedled,  not  exceeding  the  4th  degree,  viz, 
of  Lincars,  Quadratics,  Cubics,  Biquadratics,  and  the 
finding  of  all  their  Roots,  as  well  Falfe  as  True,  with- 
out the  ufe  of  Mefolabe,  Triiedfion  of  Angles,  without 
Redudlion,  Deprelfion,  or  any  other  previous  prepara- 
tions of  equations  by  a circle,  and  any  (and  that  one 
only)  Parabole,  See”  : 1684,  4to,  in  Englllh  and  Latin. 

There  is  fome  account  of  this  work  in  the  Philof. 
Tranf.  an.  1684.  And  a little  before  his  death,  the 
Royal  Society  fent  him  fome  mathematical  queries  ; to 
which  he  returned  fuch  fatisfaftory  anfwers,  as  pro- 
cured the  prefent  of  a medal,  with  an  infeription  full  of 
honour  and  refpect. — Mr.  Baker  died  at  Bifhop’s- 
Nymmet,  1690,  in  the  65th  year  of  his  age. 

BAKER  (Henry),  an  ingenious  and  diligent  na- 
turalift,  was  born  in  London  about  the  beginning  of 
the  1 8th  century.  He  was  brought  up  under  an  emi- 
nent bcokfeller,  but  being  of  a philofopblcal  turn  of 
mind,  he  quitted  that  line  of  bufinefs  foon  after  the  ex- 
piration of  his  apprentlcefhip,  and  took  to  the  employ- 
ment of  teaching  deaf  and  dumb  perfons  to  fpeak  and 
write  &c,  in  which  occupation,  in  the  courfe  of  his  life 
he  acquired  a handfome  fortune.  E'er  his  amufement 
he  cultivated  various  natural  and  philofophical  fciences, 
particularly  botany,  natural  hiflory,  and  microfcopical 
fubjedts,  in  vvhlch  he  efpecially  excelled,  having,  in  the 
year  1744,  obtained  the  Royal  Society’s  gold  medal, 
for  h is  microfcopical  ex])eriments  on  the  cryflallizations 
and  configurations  of  faline  particles.  He  had  various 
papers  publifiied  in  the  Philof.  Tranf  of  the  Royal 
Society,  of  which  he  was  a worthy  meiuber,  as  well  as 
of  -the  Societies  of  Antiquaries,  and  of  Arts.  He  w’as 
author  of  many  pieces,  on  various  fubjecfs,  the  princi- 
pal of  which  were,  his  Treatife  on  the^Yater  Polype, 
and  two  Treatiles  on  the  Microfeope,  viz,  T/.w  Micro~ 
fi.ope  made  eafy^  and  Employment  for  the  Microjcopty 
which  have  gone  through  feveral  editions. 

Mr.  Baker  married  Sophia,  youngell  daughter  of 


the  celebrated  Daniel  Defoe,  by  whom  he  had  two  fons, 
who  both  died  before  him.  He  terminated  an  honour- 
able and  ufefnl  life,  at  his  apartments  in  the  Strand  on 
the  25th  of  November  1774,  being  then  upwards  of  70 
years  of  age. 

BAKER’S  Central  Rule,  for  the  ConJiruBion  of 
Equations,  is  a method  of  conllrudting  all  equations,  not 
exceeding  the  4th  degree,  by  means  of  a given  para- 
bola and  a circle,  without  any  previous  redudlion  of 
them,  or  firft  taking  away  their  fecond  term.  Sec 
Central  Rule. 

BALANCE,  one  of  the  fix  fimple  powers  in  me- 
chanics, chiefly  ufed  in  determining  the  equality  or  dif- 
ference of  weight  in  heavy  bodies,  and  confequeutly 
their  maffes  or  quantities  of  matter. 

The  balance  is  of  two  kinds,  the  ancient  and  modern. 
The  ancient  or  Roman,  called  alio  Statera  Romana,  or 
Steelyard,  confiils  of  a lever  or  beam,  moveable  on  a cen- 
tre, and  fufpended  near  one  of  its  extremities.  The 
bodies  to  be  weighed  are  fufpended  from  the  ffiorter 
end,  and  their  weight  is  fhewn  by  the  divifion  marked 
on  the  beam,  where  the  power  or  conllant  weight, 
which  Is  moveable  along  the  lever,  keeps  the  fleelyard 
in  equilibrio.  This  balance  is  Hill  In  common  ufe  for 
weighing  heavy  bodies. 

The  modern  balance,  now  commonly  ufed,  confifts  of 
a lever  or  beam  fufpended  exadfly  in  the  middle,  and 
having  feales  fufpended  from  the  two  extremities,  to 
receive  the  weights  to  be  weighed. 

In  either  cafe  the  lever  Is  called  the  jugum  or  the 
beam,  and  its  two  halves  on  each  fide  the  axis,  the 
hrach'ta  or  arms  ; alfo  the  line  on  which  the  beam  turns, 
or  which  divides  It  in  two,  is  called  the  a.xis  ; and 
when  confidered  with  regard  to  the  length  of  the  bra- 
chia.  Is  edeemed  only  a point,  and  called  the  centre 
of  the  balance,  or  centre  of  motion  : the  extremities 
where  the  weights  are  applied,  are  the  points  of  applica- 
tion or  fufpenfion  ; the  handle  by  which  the  balance  is 
held,  or  by  which  the  whole  apparatus  Is  fufpended,  is 
trutina  ; and  the  flenderpart  perpendicular  to  the 
beam,  by  which  Is  determined  either  the  equilibrium  or 
preponderancy  of  bodies,  is  called  the  tongue  of  the  balance. 

From  thefe  defcriptlons  we  eafily  gather  the  charac- 
teriflic  difilndlion  between  the  Roman  balance  and  the 
common  one,  viz,  that  In  the  Roman  balance,  there  is 
one  con  Hunt  weight  ided  as  a counterpoife,  the  point 
where  It  is  fufpended  being  varied  ; but,  on  tlie  contrary, 
in  the  common  balance  or  feales,  the  points  of  fufpen- 
fion remain  the  fame,  and  the  counterpoife  is  varied. 
The  principle  of  both  of  them  may  be  eafily  underftood 
from  the  general- properties  of  the  lever,  and  the  fol- 
lowing obfervatlons.  ' 

The  beam  ABC,  the  principal  part  of  the  balance, 
is  a lever  of  the  firil  kind  ; but  Indcad  of  refiing  on  a 
fulcrum,  it  Is  fufpended  by  a handle,  &g,  faftencKl  to 
Its  centre  of  motion  B : and  hence  the  mechanlfm  of  the 
balance  depends  on  the  fame  theorems  as-  that  of  tlie 
lever.  ■ Confequently  as  the  ddlance  between  the  cen- 
tre of  motion  and  the  place  of  the  unknown  w’eight,  is 
to  the  dl dance  between  the  fame  centre  and  the  place 
of  the  known  weight,  lo  is  the  latter  weight,  to  the  for- 
mer, So  that  the  unknown,  weight  is  dllcovercd  by  means 
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of  t]\e  known  one,  and  tlieir  diRances  from  tke  common 
centre  of  motion  ; viz,  if  tlie  diilances  from  the  centre 
be  equal,  then  the  two  weights  will  be  equal  alfo,  as  in 
the  common  balance  ; but  if  the  diilances  be  unequal, 
then  the  weights  will  alfo  be  unequal,  and  in  the  very 
fame  proportion,  altcraately,  the  lefs  weight  having  fo 
much  the  greater  dittance,  as  in  the  lleclyard. 

Common  Balance  or  Scales* 


.The  two  brachia  AB,  BC,  fiiould  be  exadly  equal  i-n 
length,  and  in  weight  alfo  when  their  fcales  D and  E 
are  fixed  on  their  ends ; the  beam  fiiould  hang  exadlly 
level  or  horizontal  in  the  cafe  of  an  equipoife  ; and  for 
this  purpofe  the  centre  of  gravity  of  the  w'hole  fiiould 
fall  a little  below  the  centre  of  motion,  and  but  a little, 
that  the  balance  be  fufficieiitly  fenfible  to  the  lead  vari* 
ation  of  weight : the  fridlion  on  the  centre  fiiould  alfo 
be  as  fmall  as  poiTible. 


The  Steel  T'ard* 


Having  made  a proper  bar  of  Heel  AB,  tapering  at 
the  longer  end,  and  very  flrong  at  the  other,  fulpend 
it  by  a centre  C near  the  fiiorter  or  thicker  end,  fo 
that  it  may  exadily  balance  itfelf  in  equilibrio,  and  pre- 
pare a conilant  weight  Lto  weigh  with : then  hang  on 
a.  y weight,  as  one  pound  for  inllance,  at  the  fiiorter  arm, 
and  Aide  the  conilant  weight  backwards  and  forwards 
upon  the  longer  arm,  till  it  be  juit  in  equilibrio  with  the 
former;  and  there  make  a notch  and  number  i,  for  tlie 
place  of  I pound  : take  off  the  I’lb,  and  hang  a tw^o 
pound  weight  in  its  (lead  at  the  fiiorter  arm  ; then  filde 
the  conftaiit  weight  back  on  the  longer  arm,  till  the 
whole  come  again  into  equilibrio,  making  a notch  at 
the  place  of  tlie  conilant  weight  and  the  number  2,  for 
tire  place  of  zlb.  Proceed  in  the  fame  manner  for  all 
other  w^eights  3,  4,  3,  &c  ; as  alfo  for  the  intermediate 
halves  and  quarters,  &c,  if  it  be  necefiary  ; always  fuf- 


pending  the  variable  weights  at  the  end  of  the  fiicrter 
arm,  fiiiftincrthe  conftant  weight  fo  as  to  balance  them, 
and  marking  and  numbering  the  places  on  the  longer 
arm  where  the  conilant  weight  alv/ays  makes  a coun- 
terpolfe.  The  ufe  of  the  Steelyard  is  hence  very  evi- 
dent : the  thing  whofe  weight  is  required  being  fuf- 
pended  by  a hook  at  the  fiiort  end,  move  the  conilant 
weight  backwards  and  forw^ards  on  the  longer  arm,  till 
the  beam  is  balanced  horizontally:  then  look  w^hat  notch 
the  conilant  weight  is  placed  at,  and  its  rmmber  will 
firew'-  the  weight  of  the  body  that  was  required.  DC  is 
the  handle  and  tongue  ; F the  centre  of  motion  ; EG 
a fcale  iometimes  hung  on  at  the  end  by  the  hcok  H* 

The  Bent-Lever  Bal^nce^ 


This  inilrument  operates  by  a fixed  weight,  C,  in-? 
creafing  in  power  as  it  afeends  along  the  arc  FG  of  a 
circle,  and  pointing  by  an  index  to  the  number  or  di- 
vifion  of  the  arc  which  denotes  the  w^eight  of  any  body 
put  into  the  fcale  at  E.  And  thus  one  conftant  weight 
ferves  to  W'eigh  all  others,  by  only  varying  the  pofition 
of  the  arms  of  the  balance,  inflead  of  varying  the  places 
or  points  of  fufpenfion  in  the  arms  tliemfelves. 

Lhe  Deceitful  Balance.  This  operates  in  the  fame 
manner  as  the  ileelyard,  and  cheats  or  deceives  by  hav- 
ing one  arm  a little  longer  than  the  other  ; though  the  de- 
ception is  not  perceived,  becaufe  the  fhorter  arm  is  made 
fomewhat  heavier,  fo  as  to  compenfate  for  its  ihortnefs, 
by  which  means  the  beam  of  the  balance,  when  no 
weights  are  in  the  fcales,  hangs  horizontal  in  equilibrio. 
The  confeqiience  of  this  conilrudlioii  is,  that  any  com- 
modity put  in  the  fcale  of  the  longer  arm,  requires  a 
greater  weight  in  the  other  fcale  to  balance  it ; and  fo 
the  body  is  fallaciouily  accounted  heavier  than  it  really' 
is.  But  the  trick  will  eafily  be  detedled  by  making  the 
body  and  the  weight  change  places,  removing  them  to 
the  oppofite  fcales,  wdien  the  weight  will  immediately 
be  feen  to  preponderate. 

BJf ay -Balance.  This'  is  a r'ery  nice  balance,  ufed  in 
determining  the  exadf  weights  of  very  fmall  bodies.  Its 
firtidlure  is  but  little  different  from  the  common  fort ; 
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except  tliat  It  Is  made  of  the  be  ft  and  Iiardefl  fteel,  and 
made  to  turn  with  the  fmallefl  weight. 

■'  Hydrof.atlcal  Balance.  This  is  an  inftrument  for  de- 
termining the  fpecific  gravity  of  bodies.  See  Hydro- 
statical,  and  Specific  Gravlly. 

Balance,  in  Aftronomy,  the  fame  as  lAhra. 

Balance  of  a Clock  ot\  iVatch^  is  that  part  which, 
by  its  motion,  regulates  and  determines  the  beats.  Tlie 
circular  part  of  it  is  called  the  rirn^  and  its  fpindle  the 
’verge  ; there  belong  to  it  alfo  two  pallets  or  nuts,  that 
play  in  the  fangs  of  the  crown-wheel ; in  pocket  watches, 
that  llrong  ftud  in  which  the  lower  jdvot  of  the  r erge 
plays,  and  in  the  middle  of  which  one  pivot  of  the 
crown-wheel  runs,  is  called  Cxt  polence : the  wrought 
piece  which  covers  the  balance,  and  in  which  the  upper 
pivot  of  the  balance  plays,  is  the  cock  ; and  the  fmall 
fpring  in  the  new  pocket  watches,  is  called  the  regulator. 

BALCONY,  a projefture  in  the  front  of  a houfe, 
or  other  building,  commonly  fupported  by  pillars  or 
confoles,  and  encompaffed  by  a balludrade. 

BALL,  any  fpherical,  globular,  or  round  body. 

Ball,  in  the  military  art,  fignifies  all  forts  of  bullets 
for  lire  arms,  from  the  piUol  up  to  the  larged  cannon. 
Cannon  balls  are  made  of  cad  iron;  but  the  muflcet  and 
pidol  balls  of  lead,  as  thefe  are  both  heavier  under  the 
fame  bulk,  and  do  net  furrow  the  barrels  of  the  pieces. 

Ball  of  a Pendulum^  ns  the  weight  at  the  bottom  of 
it ; and  is  fometimes,  efpecially  in  fhortcr  pendulums, 
cnllcvl  the  hob. 

Balls  of  Fire ^ in  Meteorology.  See  Fire  halls. 

Balls,  in  Electricity,  invented  by  Mr.  Canton,  are 
two  pieces  of  cork,  or  pith  of  elder  tree,  nicely  turned 
in  a lathe  to  the  fize  of  a fmall  pea,  and  fufpended  by 
fine  linen  threads.  They  ai  e ufed  as  eleCtrometers,  and 
are  of  excellent  ufe  to  difeover  fmall  degrees  of  eleCtri- 
tity  ; and  to  obferve  its  changes  from  pofitlve  to-  nega- 
tive. or  the  reverfe ; as  alfo  to  edimatc  the  force  of  a 
drock  before  the  difeharge,  fo  that  the  operator  fliall 
always  be  able  to  tell  very  nearly  before  hand  what  the 
Txplofion  will  be,  by  knowing  how  high  he  has  charged 
his  jars. 

- BALLISTA,  a military  engine  much  ufed  by  the 
ancients  for  throwing  donCv^,  darts,  and  javelins;  and 
fomewhat  refembling  our  crofs-bows,  but  much  larger 
iind  dronger.  The  word  is  I^atin, dignifying  a crofs-bow; 
buHs  derived  from  the  Greek  f3cc\}.u>,  to fhooty  or  throw. 

VTgetius  informs  us,  that  the  ballida  difcb.arged 
darts  with  fuch  violence  and  rapidity,  that  nothing 
could  refid  their  force  : and  Athenaeus  adds,  that  Agi- 
dratus  made  one^  of  little  more  than  2 feet  in  length, 
that  fhot  darts  500  paces.  Authors  have  often  con- 
founded the  ballida  with  the  catapulta,  attributing  to 
the  one  what  belongs  to  the  other.  According  to  Vi- 
truvius, the  ballida  was  made  after  divers  manners, 
though  all  were  ufed  to  the  fame  purpofe : one  fort  was 
framed  wu’th  levers  and  bars;  another  with  pullies;  feme 
with  a crane;  and  others  again  with  a toothed  wheel. 
Marcellinus  deferibes  the  ballida  thus;  A round  iron 
cylinder  is  fadened  between  two  planks,  from  which 
reaches  a hollow  fquare  beam  placed  crofs-wife,  fadened 
wit-li  cords,  to  which  are  added  ferews.  At  one  end  of 
this  dands  the  engineer,  who  puts  a wooden  draft,  or 
arrow,  with  a large  head,  into  the  cavity  of  the  beam; 
this  done,  two  men  bend  the  engine,  by  drawing  foinc 
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wheels ; when  the  tap  of  the  head  is  drawn  to  the  ntniod; 
end  of  the  cords,  the  draft  is  driven  out  bfthe  ballida,  &c. 

The  ballida  is  ranked  by  the  ancients  in  the  ding 
kind,  and  its  drudHre  and  elFcdt  reduced  to  the  prin- 
ciples of  that  indrument  ;■  whence  it  is  called  by  Hero 
and  others,  ft^nda,  and  fiindibulus.  Guiitlicr  calls  it 
BaJcarica  machina^  as  a ding  peculiar  to  the  Balearic 
ilLnds.— -Fcrrault,  in  his  notes  on  VitruviuS;  gives  a 
new  contrivance  of  a like  engine  for  throwing  bombs 
without  powder, 

Fig.  I , Plate  V,  reprefents  the  ballida  uLd  in  fieges, 
according  to  Folard:  where  2,  2,  denote  the  bafe  of  the 
ballida;  3,  4,  upright  beams ; 5,  6,  tvanfverfe  beams; 
7,  7,  the  two  capitals  in  the  upper  tranfverfe  beam,  (the 
lower  tranfverfe  beam  has  alfo  two  fim.ilar  capitals, 
which  cannot  be  feen  in  this  tranfverfe  figure);  9,  o, 
two  pods  or  fupports  for  drengthening  the  tranfverfe 
beams;  10,  10,  two  dcains  of  cords  fadened  to  the  ca- 
pitals; II,  II,  two  arms  inferted  between  the  two 
drands,  or  parts  of  the  drains;  12,  a cord  fadendd  to 
the  two  arms;  13,  darts  which  are  diot  by  the  ballida; 
14,  14,  curves  in  the  upright  beams,  and  in  the  con- 
cavitv  of  which  cudiions  are  fadened,  in  order  to  break 
the  force  of  the  arms,  which  drlke  againd  them  with 
great  force  \vhea  the  dart  is  difeharged  ; 16,  the  arbor 
of  the  machine,  in  which  a draight  groove  or  canal  is 
formed  to  receive  the  darts,  in  order  to  their  being  fhot 
by  the  ballida;  17,  the  nut  of  the  trigger;  18,  the  roll 
or  windlafs,  about  which  the  cord  is  wound  ; 19,  a hook, 
by  which  the  cord  is  drawn  towards  the  centre,  and 
the  ballida  cocked  ; 20,  a dage  or- table  on  which  tlie 
arbor  is  in  part  fudalned. 

Ballisfa,  in  Pradtical  Geometry,  the  fame  as 
the  geometrical  crofs,  called  alfo  JacoFs  Staff'.  See 
Q.KOss-Staff'. 

BALLISTIC  Pendu  LUM,  an  ingenious  machine 
invented  by  Benjamin  Robins,  for  afeertaining  the  velo- 
city of  military  projeftiles,  and  confequently  the  force  of 
fired  gun-powder.  It  confids  of  a large  block  of  wood, 
annexed  to  the  end  of  a dronof  iron  deni,  haviup-  a crofs 
it  eel  axis  at  the  other  end,  placed, horizontally,  about 
which  the  whole  vibrates  together  like  the  pendulum 
of  a clock-  The  machine  being  at  red,  a piece  of 
ordnance  is  pointed  flraight  towards  the  wooden  block, 
or*  ball  of  this  pendulum,  and  then  difeharged  : the 
confequence  is  this;  the  ball  difeharged  froni'^the  gun 
drikes  and  enters  the  block,  and  caufes  the  pendulum 
to  vibrate  more  or  lefs  according  to  the  velocity  of  the 
projeft  ilc,  or  the  force  of  the  blow ; and  by  obferving  tlie 
extent  of  the  vibration,  the  force  of  that  blow  becomes 
known,  or  the  greated  velocity  with  which  the  block  is 
moved  out  of  its  place,  and  confequently  the  velocity  of 
the  projcHile  itfelf  which  druck  the  blow  and  urgtd  the 
pendulum. 

The  more  minute  and  particular  defcriptlon  mav  be 
feen  in  my  Tradfs,  vol.  I,  where  are  given  all  the  rules 
for  ufing  it,  and  for  computing  the  velocities,  with  a 
multitude  of  accurate  experiments  performed  with  can- 
non balls,  by  means  of  which  the  mod  ufeful  and  im- 
portant conclufions  have  been  deduced  in  military  pro- 
jcdtiles  and  the  nature  of  phyfics.  I have  alfo  fince 
that  publication,  made  many  other  experiments  of  the 
fame  kind,  by  difeharging  cannon  balls  at  various  dif- 
tances  from  the  block ; from  winch  have  rci’ulted  the 
B b difeoverv 
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difcovery  of  a complete' feries  of  the  refiftances  of  the 
air  to  balls  paffing  through  it  with  all  degrees  of  velo- 
city, from  o up  to  2000  feet  in  a fecond  of  time. 

Other  writers  on  this  fubjedl  are  Euler,  Antoni,  Le 
Roy,  Darcy,  &c.  See  alfo  Robins’s  Mathematical 

BALLISTICS*,  is  ufed  by  fome  for  projeftiles,  or  the 
art  of  throwing  heavy  bodies,  Merfennus  has  publiflied 
a treatife  on  the  projection  of  bodies,  under  this  title. 

BALLOON,  or  Ballon,  in  a general  fenfe,  fig- 
nifies  any  fpherical  hollow  body.  Thus,  with  chemills, 
it  denotes  a round  fliort-necked  veffel,  ufed  to  receive 
what  is  diftilled  by  means  of  tire  : in  architecture,  a 
ball  or  globe  on  the  top  of  a pillar,  &c  : and  among  en- 
gineers, a kind  of  bomb  made  of  paileboard,  and  played 
off  in  tireworks,  in  imitation  of  a real  iron  bomb-tlieil.  - 

--<!'/V-Balloon.  See  Aerostation  and  AiR~BaIloon, 

BAL LUSTER,  a fmall  kind  of  column  or  pillar, 
ufed  for  balluftrades. 

BALLUSTRxADE,  a feries  or  row  of  ballutlers, 
joined  by  a rail  ; ferving  for  a reft  to  the  arms,  or  as  a 
fence  or  inclofure  to  balconies,  altars,  ftaircafes.  See. 

BAND,  in  Architecture,  denotes  any  flat  low  mem- 
ber, or  moulding,  that  is  broad,  but  not  very  deep.  The 
word  /ace  fometimes  means  the  fame  thing. 

BANQUET,  or  Banquette,  in  Fortification,  a 
little  foot-bank,  or  elevation  of  earth,  forming  a path 
along  the  infide  of  a parapet,  for  the  foldiers  to  ftand 
upon  to  difeover  the  counterfearp,  or  to  fire  on  the  ene- 
my, in  the  moat,  or  in  the  covert  way.  It  is  commonly 
about  3 feet  wide,  and  a foot  and  a half  high. 

BARLOWE  (William),  an  eminent  mathema- 
tician and  divine,  in  the  1 6th  century.  He  was  born  in 
Pembrokefhire,  his  father  (William  Barlowe)  being 
then  blfliop  of  St.  David’s.  In  1560  he  was  entered 
commoner  of  Ballol  college  in  Oxford;  and  in  1564, 
having  taken  a degree  in  arts,  he  left  the  univerlity,  and 
went  to  fea;  but  in  what  capacity  is  uncertain  : how- 
ever he  thence  acquired  confider'able  knowledge  in  the 
art  of  navigation,  as  his  writings  afterwards  fhewed. 
About  the  year  1573,  he  entered  into  orders,  and  be- 
came prebendary  of  Winchefter,  and  reCtor  of  Eafton, 
near  that  city.  In  1588  he  was  made  prebendary  of 
Ifitchfield,  which  he  exchanged  for  the  office  of  treafurer 
of  that  church.  He  afterwards  was  appointed  chaplain 
to  prince  Henry,  eldeft  fon  of  king  Jam.es  the  lirft ; 
and,  in  1614,  archdeacon  of  Salifbury.  Barlowe  was 
remarkable,  -efpecially  for  having  been  the  firft  writer 
on  the  nature  and  properties  of  the  loadftone,  20  years 
before  Gilbert  publiflied  his  book  on  that  fubjeCt.  He 
. was  the  firft  who  made  the  inclinatory  inftrument 
tranfparent,  and  to  be  ufed  with  a glafs  on  both  fides. 
It  was  he  alfo  who  fufpended  it  in  a compafs-box, 
where,  with  2 ounces  weight,  it  wa^  made  fit  for  ufe  at 
fea.  He  alfo  found  out  the  difference  between  iron  and 
ileel,  and  their  tempers  for  magnetical  ufes.  * He  like- 
wife  difeovered  the  proper  way  of  touching  magnetical 
needles;  and  of  piecing  and  cementing  of  loadftones ; 
and  alfo  why  a loadfione,  being  double-capped,  muft 
take  up  fo  great  a weight. 

Barlowe  died  in  the  year  1625.— -His  works  are  as 
follow : 

I.  7^/je  Navigator^ s Supply,  containing  many  things  of 
principal  importance  belonging  to  Navigationf  and  ufe  of 


diverfe  Injlruments  framed  chiefly  for  that  purpofe,  Londv 
1597,  4to  ; dedicated  to  Robert  earl  of  Effex, 

2.  Magnetical  Ad^jertifemenf,  or  Diverfe  F ertinent  Oh- 
fervations  and  improved  Experiments  concerning  the  nature 
and  properties  of  the  Loadfione.  Lond.  1616,  4to. 

3.  A Brief  Difeovery  of  the  idle  Atiiniadverfions  of 
Mark  Ridley,  M.  D.  upon  a treatife  entitled  Magnetical 
Advertifements.  Lond.  1618,  4to. 

In  the  firft  of  thefe  pieces,  Barlowe  gave  a demon- 
ftration  of  Wright’s  or  Mercator’s  divifion  of  the  me^- 
ridian  line,  as  communicated  by  a friend  ; obferving 
that  “ This  manner  of  carde  has  been  piibliquely  extant 
in  print  thefe  thirtie  yeares  at  leaft  [he  ihould  have 
faid  28  only],  but  a clonde  (as  it  were)  and  thicke 
mifte  of  ignorance  doth  keepe  it  hitherto  concealed 
And  fo  much  the  more,  becaufe  Tome  who  were  reck- 
oned for  men  of  good  knowledge,  nave  by  glauneing 
fpeeches  (but  never  by  any  one  reafon  of  moment) 
gone  about  what  they  could  to  difgrace  it.” 

This  work  of  Barlowe’s  contains  deferiptions  of  feveral 
inftrumeirts  for  the  ufe  of  Navigation,  tlie  principal  of 
which  is  an  Azimuth  Compafs,  with  two  upright  fights 
and  astlre  author  was  very  curious  in  making  experiments 
on  the  loadftone,  he  treats  well  and  fully  upon  the  Sea- 
Compafs.  And  he  treated  ftill  farther  on  the  fame  inftru- 
ment  in  his  fecond  work,  the  Mas^netical  Advertifement. 

BAROMETER,  an  inftrument  for  meafuring  the 
weight  or  preffure  of  the  atmofphere  ; and  by  that  means 
the  variations  in  the  ftateof  the  air,  foretelling  the  changes 
in  the  weather,  and  meafuring  heights  or  depths,  &c. 

This  inflrument  is  founded  on  what  is  called  the  Tor- 
ricellian experiment,  Tclated  below,  and  commonly 
confifts  of  a glafs  tube,  open  at  one  end  ; which  being 
firft  filled  with  qulckfllvcr,  and  then  inverted  with  the 
open  end  downwards  into  a bafon  of  the  fame,  the 
mercu>ry  defeends  in  the  tube  till  it  remains  at  about  the 
height  of  29  or  30  inches,  according  to  the  weight  or 
preffure  of  the  atmofphere  at  the  time,  which  is  juft 
equal  to  the  weight  of  that  column  of  the  quickfilver.. 
Hence  it  follows  that,  if  by  any  means  the  preffure  of 
the  air  be  altered,  it  will  be  indicated  by  the  rifing  or 
falling  of  the  mercury  in  the  tube  ; or  if  the  barometer 
be  carried  to  a higher  ftation,  the  quickfilver  will  de- 
feend  lower  in  the  tube,  but  when  carried  to  a lower 
place,  it  will  rife  higher  in  the  tube,  according  to  tha 
difference  in  elevation  between  the  two  places. 

Hifiory  of  the  Barometer  - — About  the  beginning  of  the 
laft  century,  when  the  dodfrine  of  a plenum  was  in 
vogue,  it  was  a common  opinion  among  philofopliers, 
that  the  afeent  of  water  in  pumps  was  owing  to  what 
they  called  nature’s  abhorrence  of  a vacuum  ; and  that 
thus  fluids  might  be  railed  by  fudfion  to  any  height 
whatever.  But  an  accident  having  juft  difeovered,  that 
water  could  not  be  raifed  in  a pump  unlefs  the  fucker 
reached  to  within  33  feet  of  the  water  in  the  well,  it 
was  conjectured  by  Galileo,  who  flourilhed  about  that 
time,  that  there  might  be  fome  other  caufe  of  the  afeent 
of  water  in  pumps,  or  at  leaft  that  this  abhorrence 
was  limited  to  the  finite  height  of  33  feet.  Being 
unable  to  fatisfy  himfelf  on  this  head,  he  recommended 
the  confideration  of  the' difficulty  to  Torricelli,  who  had 
been  his  difciple.  After  fome  time  Torricelli  fell  upon 
the  fufpicion  that  the  preffure  of  the  atmofphere  was 
the  caufe  of  the  afeent  of  water  in  pumps;  that  a column 
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(of  water  33  feet  lilgli  was  a juft  coiinterpoife  to  a co- 
lumn of  air,  of  the  fame  bafe,  and  which  extended  up 
to  the  top  of  the  atmofphere  ; and  that  thk  was  the  true 
reafon  wliy  the  water  did  not  follow  the  fucker  any  far- 
ther, And  this  fufpicion  was  foon  after  confirmed  by 
various  experiments.  Torricelli  confidered,  that  if  a 
column  of  water  33  feet  high  were  a counterpoife  to  a 
whole  column  of  the  atmofphere,  then  a column  of 
mercury  of  about  2 feet  and  a half  high  would  alfo  be 
a counterpoife  to  it,  fince  quickfilver  is  near  14.  times 
iieavier  than  water,  and  fo  the  14th  part  of  the  height, 
or  near  2 feet  and  a half,  would  be  as  heavy  as  the  co- 
lumn of  water.  This  reafoning  was  foon  verihed; 
for  having  filled  a glafs  tube  with  quickfilver,  and  in- 
verted it  into  a bafon  of  the  fame,  the  mercury  prefently 
defeended  till  its  height,  above  that  in  the  bafon,  was 
about  two  feet  and  a half,  jufl;  as  he  expedfed.  And 
this  is  what  has,  from  him,  been  ealled  the  Torricellian 
'experiment. 

The  new  opinion,  with  this  confirmation  of  it,  was 
readily  acquiefeed  in  by  moft,of  the  philofophers,  who 
repeated  the  experiment  in  various  ways.  Others  how- 
'Cver  ftill  adhered  to  the  old  dodtriue,  and  raifed  fevcral 
pretended  objedlions  againft  the  new  one  ; fuch  as  that 
there  was  a film  or  imperceptible  rope  of  mercury^  ex- 
tended through  the  upper  part  of  the  tulx",  which  fuf- 
pended  the  column  of  mercury,  and  kept  it  from  falling 
into  that  in  the  bafon.  This  and  other  objedtions  were 
however  foon  overcome  by  additional  confirmations  of 
the  true  dodlrine,  particularly  by  varying  the  elevation 
of  the  place.  It  was  hinted  by  Defcartes  and  Pafeal, 
that  if  the  mercui-y  be  fuftained  in  the  tube  by  the  pref- 
fure  of  the  atmofphere,  by  carrying  it  to  a higher  fitu- 
ation,  it  would  defeend  lower  in  the  tube,  having  a 
fhorter  column  of  the  atmofphere  to  fuflain  it,  and  vice 
verfa.  And  Pafeal  engaged  his  brother-in-law,  M,  Pe- 
xier,  to  try  that  experiment  for  him,  being  more  con- 
veniently fituated  for  that  purpole  than  he  was  at  Paris. 
This  he  accordingly  executed,  by  obferving  the  height 
of  the  quickfilver  in  the  tube,  firft  at  the  bottom  of  a 
mountain  in  Auvergne,  and  then  at  feveral  ftytions,  or 
different  altitudes,  in  afcendhig,  by  which  it  was  found 
that  the  mercury  fell  lower  and  lower  all  the  way  to  the 
top  of  the  mountain  ; and  fo  confirming  the  truth  of  the 
dodlrine  relating  -to'the  univerial  prefture  of  the  atmo- 
fphere, and  the  coiifequent  fufpenfion  of  the  mercury  in 
the  tube  of  the  barometer.  Thus,  by  the  united  en- 
deavours of  Torricelli,  Defcartes,  Pafcal,  Merfenne, 
Iduygens,  and  others,  the  caufe  of  the  fufpenfion  of  the 
quickfilver  in  the  tube  of  the  barometei',  became  pretty 
generally  efiablifhed. 

It  was  fome  time  however  after  this  general  confent, 
before  it  was  known  that  the  preiTure  of  the  air  was 
various  at  different  times,  in  tlie  famc'placc.  This  could 
not  however  remain  long  iinknowi?,  as  the  frequent 
meafiiring  of  the  column  of  mercury,  mu  ft  foon  ffew 
its  variations  in  altitude;  and  experience  and  obfervation 
would  prelently  fliew  that  thofe  variations  in  the  mer- 
curial column,  were  always  fuccccded  by  certain  changes 
in  the  weather,  as  to  rain,  wind,  frofts,  &c.  Hence  this 
inllrument  foon  came  into  life  as  the  means  of  foret(;lling 
the  changes  of  the  weather;  and  on  this  account  it 
obtained  the  name  of  the  nveather-glafs^  as  it  did  that  of 
larmietcr  from  its  being  the  meafure  of  tlie  weight  or 


preffure  of  the  air.  We  may  now  proceed  to  take  a 
view  of  its  various  forms  and  ufes.  , 

The  Common  Barometer.  This  is  reprefented  at  fig.  i, 
plate  iv,  fuch  as  it  was  invented  by  Torricelli.  AB  is 
a glafs  tube,  of  ^5  or  or  \ inch  wide,  the  more  the 
better,  and  about  34  inches  long,  being  clofe  at  the  top 
A,  and  the  open  end  B immerfed  in  a bafon  of  quick- 
filver CD,  which  is  the  better  the  widqr  i|  is.  To  fill 
this,  or  any  other  barometer  ; take  a clean  new  glafs 
tube,  of  the  dimenfions  as  above,  and  pour  into  it  well 
purified  quickfilver,  with  a fmall  funnel  either  of  glafs 
or  paper,  in  a fine  contimied  ftream,  till  it  wants  about 
half  an  inch  or  an  inch  of  being  full ; then  ftopping  it 
clofe  witl,\  the  finger,  invert  it  flovvly,  and  the  air  in 
the  empty  part  will  afeend  gradually  to  the  other  end, 
collcdling  into  itfelf  fuch  other  fmall  air  bubbles  as  un- 
avoidably get  into  the  tube  among  the  mercury,  in  fill- 
ing it  with  the  funnel:  and  thus  continue  to  invert  it 
feveral  times,  turning  the  two  ends  alternately  upwards, 
till  all  the  air  bubbles  are  colle6led,  and  brought  up  to 
the  open  end  of  the  tube,  and  when  the  part  filled  fhall 
appear,  without  fpeck,  like  a fine  polifhed  ftecl  rod. 
This  done,  pour  in  a little  more  quickfilver,  to  fill  the 
empty. part  quite  full,  and  fo  exclude  all  air  from  the 
•tube : then,  ftopping  the  orifice  sgain  with  the  finger, 
invert  the  tube,  and  immerfe  the  finger  and  end,  thus 
flopped,  into  a bafon  of  like  purified  quickfilver;  in  this 
pofitlon  withdraw  the  finger,  fo  fliall  the  mercury  de- 
feend in  the  tube  to  fome  place  as  E,  between  28,  and 
3 I inches  above  that  in  the  bafon  at  F,  as  thefe  are  the 
limits  between  which  it  always  ftands  in  this  country  on 
the  common  furfacc  of  the  earth.  Then  meafure,  from 
the  furface  of  the  quickfilver  in  the  bafon  at  F,  28  Inches 
to  G,  and  31  inches  to  H,  -dividing  the  Tpace  between 
them  into  inches  and  tenths,  which  are  marked  on  a 
fcale  placed  againft  the  fide  of  the  tube;  and  tfie  tenths 
are  fubdivlded  into  hundredth  parts  of  an  inch  by  a 
Aiding  index  carrying  a vernier  or  nonius.  Thele  3 
inches,  between  28  and  31,  fo  divided,  will  anfwer  for 
all  the  ordinary  purpofes  of  a ftationary  or  chamber 
barometer;  but  for  experiments  on  altitudes  and  depths, 
it  is  proper  to  have  tlie  divifions  carried  on  a little 
higher  up,  and  a great  deal  lower  down.  In  the  proper 
filling  and  otherwlfe  fitting  up  of  the  baromiCter,  feveral 
circu-mftances  are  to  be  carefully  noted ; as,  that  the 
bore  of  the  tube  be  pretty  wide,  to  allow  the  freer  mo- 
tion of  the  quickfilver,  without  being  impeded  by  an 
adhefion  to  the  fides  ; that  the  bafon  below  it  be  alfo 
pretty  large,  in  order  that  the  furface  of  the  mercury  at 
F may  not  fenfibly  rife  or  fall  with  that  in  the  tube  ; 
that  the  bottom  of  the  tube  be  cut  off  rather  obliquely, 
that  when  it  refts  on  the  bottom  of  the  bafon  there  may 
be  a free  paffage  for  the  quickfilver ; and  tliat,  to  have 
the  quickfilver  very  p\ire,  it  is  beft  to  boil  it  in  the 
tube,  which  will  expel  all  the  air  from  it.  This  baro- 
meter is  commonly  fitted  up  in  a neat  mahogany  cafe, 
t-ogether  with  a thermometer  and  hygrometer,  as  rtpre- 
feiited  in  plate  4,  fig.  i 3. 

As  the  fcale  of  variation  is  but  fmall,  being  included 
within  3 inches  in  the  common  barometer,  fevcral  con- 
trivances have  been  devlfed  to  enlarge  the  fcale,  or  to 
render  the  motion  of  the  quickfilver  more  fenfibic. 

Defcartes  firft  fuggefted  a method  of  incrcafing  the 
fenfibility,  which  was  executed  by  Huygens.  This 
]5  b 2 was 


BAR  [ i88  ] B A R 


\T2s  cfTefted  by  making  tbe  barometrical  tube  end  in  a 
Ijfiretty  large  cylindrical  vefTcl  at  top,  into  which  was 
inferted  alfo  the  lower  or  open  end  of  a much  liner  tube 
than  the  former,  which  was  partly  filled  with  water,  to 
give  little  obilruftion  by  its  w^eight  to  the  motion  of 
the  mcrcuiw,  while  it  moved  through  a pretty  long* 
fpace  ofthe  very  fine  tube  by  a fmali  variation  of  the  mer- 
cury below  it,  and  fo  rendered  the  fmall  changes  in  the 
hate  of  the  air  very  fenfible.  But  the  inconvenience  was 
this,  that  the  air  contained  in  tlie  water  gradually  dif- 
engaged  itfeif,  and  cfcaped  through  into  the  vacuiim  in 
the  top  of  the  fraali  tube,  till  it  was  coliedted  in  a body 
there,  and  by  its  elallicity  preventing  the  free  rife  of 
the  iiLiids  in  the  tubes,  fpoiled  the  inilnunent  as  "a  ba- 
rometer., And  this,  it  may  be  obferved  by-the-bye,  is 
the  reafon  why  a water  barometer  cannot  fucceed.  This 
barometer  is  here  reprefented  in  fig.  2,  where  CD  is 
the  veffel,  in  which  arc  united  the  upper  or  fmall  water 
tube  AC,  with  the  lower  or  mercurial  one  CB. 

To  remedy  this  inconvenience,  Huygens  thought  of 
placing  the  mercury  at  top,  and  the  water  at  bottom, 
which  he  thus  contrived,  ADG  (ng*  3)  is  a bent  tube 
hermetically  fealed  at  A,  but  open  at  G,  of  about  one 
line  in  diameter,  and  paffing  through  the  two  equal  cy- 
lindrical veffels  BC,  *EF,  w-hich  are  about  20  inches 
apart,  and  of  15  lines  diameter,  their  length  being  10. 
The  mercury  being  put  into  the  tube,  will  hand  between 
the  middle  of  the  veffels  EF  and  BC,  the  remaining 
fpace  to  A being  void  both  of  air  and  mercury.  Eaflly, 
common  w’'ater,  tinged  with  a 6th  part  of  aqua  regis,  to 
prevent  its  freezing,  is  poured  into  the  tube  FG,  till  it 
rifes  a foot  above  the  mercury  in  DF.  To  prevent  the 
water  from  evaporating,  a drop  of  oil  of  fweet  almonds 
floats  on  the  top  of  it.  But  the  column  of  water  will 
be  fenhbly  affedted  by  heat  and  cold,  which  fpoils  the 
accuracy  of  the  inflrumcnt.  For  which  reafon  other 
contrivances  have  been  made,  as  below. 

The  Horizontal  or  ReEtangular  Barometer^  fig.  4,  was 
invented  by  J.  Bernoulli  and  Caffini;  where  AB  is  a 
pretty  wide  cylindrical  part  at  the  top  of  the  tube,  which 
tube  is  bent  at  right  angles  at  C,  the  low'er  part  of  it 
CD  being  turned  into  the  horizontal  diredlion,  and 
clofe  above  at  A,  but  open  at  the  lower  end  D,  where 
however  the  mercury  cannot  run  out,  being  there  op- 
pofed  by  the  preffure  of  the  atmofpbere.  This  and  the 
foregoing  contrivance  of  Fluygens  are  founded  on  the 
theorem  in  liydroilatlcs,  that  fluids  of  the  fame  bafe 
prefs  according  to  their  perpendicular  altitude,  not  ac- 
cording to  the  quantity  of  their  matter;  fo'that  the 
fame  preffure  of  the  atmofpbere  fuflains  the  quickhiver 
that  fills  the  tube  ACD,  and  the  ciftern  B,  as  would 
fuppoit  the  mercury  in  the  tube  alone.  Hence,  having 
fixed  upon  the  fize  of  the  fcale,  as  fuppofe  the  extent  of 
12  inches,  inftead  of  the  3,  in  the  common  barometer 
from  28  to  31,  that  is  4 times  as  long  ; then  the  area 
of  a fedfion  of  the  cylinder  AB  muff  be  4 times  that  of 
the  tube,  and  confeqiiently  its  diameter  double,  fince  the 
areas  of  circles  are  as  the  fquares  of  their  diameters  : 

- then  for  every  natural  variation  of  an  inch  in  the  cylin- 
der AB,  there  will  be  a variation  of  four  inches  in  the 
tube  CD. — But  on  account  of  the  attrition  of  the  mer- 
cury againfl  the  fides  of  the  glafs,  and  the  great  mo- 
mentum from  the  quick  motion  in  CD,  the  quickfilver 
is  apt  to  break,  and  the  rife  and  fall  is  no  longer  equa- 


ble; and  befide?,  the  mercury  is  apt  to  be  thrown  out 
of  the  orifice  at  D by  hidden  motions  of  the  machine. 

The  Diagonal  Barometer  of  Sir  Samuel  Moreland, 
fig,  is  another  method  of  enlargiqg  the  natural 
fcale  of  three  inclies  perpendicular,  or  CD,  by  extend- 
ing it  to  any  length  BC  in  an  oblique  diredlion.  This 
is  liable  in  feme  degree  to  the  fame  inconvenience,  from  ^ 
fridtion  and  breaking,  as  the  horizontal  one;  and  hence 
it  is  found  that  the  diagonal  part  BC  cannot  properly 
be  bent  from  the  perpendicular  more  than  in  an  angle  of 
45°,  which  only  increafes  the  fcale  nearly  in  the  pro- 
portion of  7 to  5. 

DoEior  HqoBi  Wheel  Barometer^  fig.  6.  This  was 
invented  about  1668,  and  is  meant  to  render  the  alter- 
ations in  the  air  more  fenfible.  Here  the  barometer 
tube  has  a large  ball  AB  at  top,  and  is  bent  up  at  the 
lower  or  open  end,  where  an  iron  ball  G floats  on  the 
top  of  tbe  mercury  in  the  tube,  to  which  is  connedled 
another  ball  H by  a cord,  hanging  freely  over  a pulley, 
turning  an  index  KL  about  its  centre.  Vi^hen  the  mer- 
cury rifes  in  the  part  FG,  it  raifes  the  ball,  and  the 
other  ball  defeends  and  turns  the  pulley’-  with  the  index 
round  a graduated  circle  from  N towards  M and  P ; and 
the  contrary  way  when  the  quickfilver  and  the  ball  fink 
in  the  bent  part  of  the  tube.  Hence  the  fcale  is  eafily 
enlarged  10  or  12  fold,  being  increafed  in  proportion 
of  the  axis  of  the  pulley  to  the  length  of  the  index  KL. 
But  then  the  fridllon  of  the  pulley  and  axis  is  fome  ob- 
flrudion  to  the  free  motion  of  the  quickfilver.  Con- 
trivances to  leflen  the  fridlion  &c,  may  alfo  be  feen  in 
the  Philof,  Tranf.  vol.  52,  art.  29,  and  vol.  60,  art.  10. 

The  Steelyard  Barometer^  for  fo  that  may  be  called 
which  is  reprefented  by  fig.  7,  which  enlarges  the  fcale 
in  the  proportion  of  the  fiiorter  to  the  longer  arm  of  a 
fteelyard.  iAB  is  the  barometer  tube,  clofe  at  A and 
open  at  B,  immerfed  in  a cylindrical  glafs  ciflern  CD, 
which  is  but  very  little  wider  than  the  tube  AB  is.  The 
barometer  tube  is  fufpeiided  to  the  fhorter  arm  of  an  in- 
dex like  a ileelyard,  moving  on  the  fulcriimT,  and  the 
extremity  of  its  longer  arm  pointing  to  the  divifions  of 
a graduated  arch,  with  which  index  the  tube  is  nearly 
in  equilibrio.  When  the  preffure  of  the  atmofphere  is 
Idfened,  the  mercury  defeends  out  of  the  tube  into  the 
ciftern  which  raifes  the  tube  and  the  fhorter  arm  of  the 
index,  and  confequently  the  extremity  of  the  longer 
moves  downwards,  and  paffes  over  a part  of  the  gradu- 
ated arch.  And  on  the  contrary  this  moves  upwards 
when  the  preffure  of  the  atmofpbere  increafes.  * 

The  Pendant  Barometer,  fig.  8,  was  invented  by  M. 
Amontons,  in  1695.  It  confifts  of  a fingle  conical  tube 
AB,  hungup  by  a thread,  the  larger  or  open  end  down-? 
wards,  and  having  no  veffel  or  ciftern,  becaufe  the  coni- 
cal figure  fupplies  that,  and  the  column  of  mercury  fuf- 
tained  is  always  equal  to  that  in  the  common  barometer 
tube;  which  is  efteefed  thus;  when  the  preffure  of  the 
air  is  lefs,  the  mercury  finks  down  to  a lower  and  wider 
part  of  the  tube,  and  confequently  the  altitude  of  its 
column  will  be  lefs  ; and  on  the  contrary,  by  a greater 
preffure  of  the  atmofphere  the  mercury  is  forced  up  to  a 
higher  and  narrower  part,  till  the  length  ofthe  column 
CD  be  equal  to  that  in  the  tube  of  the  common  ba- 
rometer.— The  inconvenience  of  this  barometer  is,- 
that  as  the  bore  muft  be  made  very  fmall",  to  prevent 
the  mercury  from  falling  out  by  an  accidental  fbakc,  the 
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friction  and  adhefion  to  the  fidcs  of  the  tube  prevent 
the  free  motion  of  the  mercury. 

Mr.  Ro^junwg^s  Compound  Barometers,  This  gen- 
tleman has  feveral  contrivances  for  enlarging  the  fcale, 
and  that  in  arr}'-  proportion  whatever.  One  of  thefe  is 
defcribed  in  the  Philcf.  Branf,  N®  427,  and  alfo  in  his 
Nat.  Philvf.  part  2 ; and  anotlier  in  the  fame  part, 
which  is  here  reprefented  at  fig.  9.  ABC  is  a com- 
pound tube,  hermetically  fealed  at  A,  and  open  at  C ; 
empty  from  A to  D,  filled  with  mercury  from  thence  to 
B,  and  from  hence  to  E with  water.  Hence  by  varying 
the  proportions  of  the  tw'o  tubes  AT  and  FC,  the  fcale 
of  variation  may  be  changed  in  any  degree. 

Phe  Marine  Barometer,  This  was  iirft  invented  by 
Dr.  Flook,  to  be  ufed  on  board  of  Ihip,  being  con- 
trived fo  as  not  to  be  affected  or  injured  by  the  motion 
of  the  fhip.  His  contrivance  confilled  of  a double 
thermometer,  or  a couple  of  tubes  half  filled  with 
fpirit  of  wine  ; the  one  fealed  at  both  ends,  with  a 
quantity  of  air  included  ; the  other  fealed*  at  one  end 
only.  The  former  of  thefe  is  affefted  only  by  the 
warmth  of  the  air;  but  the  other  is  affedled  both  by 
the  external  warmth  and  by  the  variable  preffu re  of  the 
atmofphere.  Hence,  confideiing  the  fpirit  thermome- 
ter as  a ftandard,  the  excefs  of  the  rife  or  fall  of  the 
ether  above  it  will  fimw  the  incrcafe  or  decrcafe  of 
the  prefTure  of  the  atmofphere.  This  inftrument  is 
defcribed  by  Dr.  Halley,  in  the  Philof.  Pranf.  N*  269, 
vvhere'he  fays  of  it,  “ I had  one  of  thefe  barometers 
with  mein  my  late  fouthern  voyage,  and  it  never  failed 
to  prognofiicate  and  give  early  notice  of  all  the  bad 
weather  we  had,  fo  that  I depended  thereon,  and 
made  provifion  accordingly ; and  from  my  own  ex- 
perience I conclude,  that  a more  ulcful  contrivance  hath 

.not  for  this  lonsf  time  been  offered  for  the  benefit  of 

1}  * 

navigation. ' 

Mr.  Nairne^  an  ingenious  artifl  in  London,  has  lately 
invented  a new  kind  of  Marine  Barometer  ; which  dif- 
fers from  the  common  barometer  by  having  the  lower 
part  of  the  tube,  for  about  2 feet  long,  made  very 
fmall,  to  check  the  vibrations  of  the  mercury,  which 
would  othervvife  arife  from  the  motions  of  the  fliip. 
This  is  alfo  affilted  by  being  hung  in  gimbals,  by  a 
part  which  fubjeifts  it  to  be  the  leall  affedled  by  fuch 
motions. 

Another  fort  of  hlarine  Barometer  has  alfo  .been 
invented  by  M.  Paffemente,  an  ingenious  artifl  at  Paris. 
This  contrivance  confifls  only  in  twifling  the  mid- 
dle of  the  tube  into  a fpirai  of  two  revolutions  ; by 
which  contrivance  the  impulfes  which  the  mercury  re- 
ceives from  the  motions  of  the  Ihip  are  deftroyed,  by 
being  tranfmitted  in  contrary  direddions. 

Phe  Statical  Barofeope.,  or  Barometer ^ of  Mr.  Boyle, 
Rc,  This  confifls  of  a large  glafs  bubble,  blown  very 
thin,  and  then  balanced  by  a fmall  brafs  w’cight. 
Hence  thefe  two  bodies  being  of  unequal  bulk,  the 
larger  will  be  very  much  affedled  by  a change  of  the 
denfity  of  the  medium,  but  the  lefs  not  at  all  as  to  fenfe  : 
So  that,  when  the  atmofphere  becomes  denfer,  the  ball 
lofes  more  of  its  weight,  and  the  brafs  weig;ht  prepon- 
derates ; and  contrariwife  when  the  air  grows  lighter. 

Mr.  CciJ‘i.vtlds  BarofcopCj  or  Barometer.  This  is  de- 
fcribed in  the  Philof.  Pranf.  vol.  24,  and  feems  to  be 
the  moil  fenfible  and  exadl  of  any.  it  is  thus  defcribed; 
Suppofe  A BCD,  (fig.  10)  18  a bucket  of  water,  in 


wliich  Is  the  barofeope  xre‘:e.yhf  iVy  which  confids  of 
a body  xr/m^  and  a tube  e%yo,  which  are  both  con- 
cave cylinders,  made  of  tin,  or  rather  glafs,  and  com- 
municating with  each  other.  The  bottom  of  the  tube 
zy  has  a leaden  weight  to  fink  it,  fo  that  the  top  of 
the  body  may  jufi  fwim  even  with  the  fuiface  of  tlic 
water  by  the  addition  of  feme  grain  weights  on  the 
top.  When  the  inllrnment  is  forced  with  its  mouth 
downwards,  the  water  afeends  into  the  tube  to  the  height 
y u.  To  the  top  is  added  a fmall  concave  cylinder,  or 
pipe,  to  keep  the  Inllrument  from  finking  down  to  the 
bottom  : m d is  a wire  : and  d e are  two  threads 
oblique  to  the  furface  of  the  water,  which  perform  the 
office  of  diagonals ; for  while  the  inftrument  finks 
more  or  lefs  by  an  alteration  in  the  gravity  of  tlic  air, 
where  the  furface  of  the  water  cuts  the  thread  is  formed 
a fmall  bubble,  which  afeends  up  the  thread  v/hile  the 
mercury  of  the  common  barofeope  afeends, -and  vice 
verfa. 

It  appears  from  a calculation  which  the  author  makes, 
that  this  inftrument  fhews  the  alterations  in  the  air  1 200 
times  more  accurately  than  the  common  barometer, 
lie  obferves,  that  the  bubble  is  fcldom  known  to  ftand 
ftlll  even  for  a minute;  tliat  a imall  blaft  of  wind, 
which  cannot  be  heard  in  a chamber,  will  fenfibly  make 
it  fink  ; and  that  a cloud  pafting  over  It  always  makes  it 
defeend,  &c. 

While  fome  have  beerp  Incrcafing  the  fenfibllity  of 
the  barometer  by  enlarging  the  variations,  others  have, 
endeavoured  to  make  it  more  convenient  by  reducing 
the  length  of  the  tube.  jM.  Amontons.^  in  1688,  firfP 
propofed  this  alteration  in  the  ftrufture  of  barometers, 
bv  joining  feveral  tubes  to  one  another,  alternately 
filled  with  mercury  and  with  air,  or  fome  other  fluid  ; 
and  the  number  of  thefe  tubes  may  be  increafed  at  plea- 
fure  : but  the  contrivance  is  perhaps  more  Ingeniou.'; 
than  nfefu!. 

M.  M.'tirnn' s reduced  Barometer  ywhaCVi  is  only  3 inches 
long,  ferves  the  purpofe  of  a manometer,  in  fhewing 
the  dilatations  of  the  air  In  the  receiver  of  an  air- 
pump ; and  inftruments  of  this  kind  are  now  com- 
monly applied  to  this  ufe. 

P he  Portable  Barometer^  is  fo  contrived  that  it  may' 
be  carried  from  one  place  to  another  without  being 
difordcred.  The  end  of  the  tube  is  tied  up  in  a lea- 
thern bag  not  quite  full  of  mercury  ; which  being  pref- 
ftd  by  the  air,  forces  th.e  mercury  into  the  tube,  and 
keeps  it  fiilpended  at  its  proper  height;  This  bag  is 
iifually  incloftd  in  a box,  through  the  bottom  of  which 
pafles  a ferew,  by  means  of  which  the  mercury  may  be 
forced  up  to  the  top  of  the  tube,  and  prevented  from 
breaking  it  by  dafhing  againft  the  top  when  the  inftru- 
ment is  removed  from  one  ftation  to  another.  It  feems 
Mr.  Patrick  firft  made  a contrivance  of  this  kind  : but 
the  portable  barometer  has  received  various  Improve- 
ments fince  ; and  the  moft  complete  of  this  kind  has 
been  defcribed  by  M.De  Luc, in  his  Rechercbes,  vol.  2, 
pa.  3 &c,  together  with  tiie  apparatus  belonging  to  it, 
the  method  of  coiiftrinflion  and  ufe,  and  the  advantages- 
attending  it.  Improvements  have  alfo  been  fuggefted 
by  Sir  George  Shuckburgh,  and  Col.  Pvoy,  which  have 
been  carried  into  execution,  with  farther  improvements - 
alfo,  by  Mr.  Ramfden,  and  othcr^ingenious  artifts  iri 
London. 
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'Fig.  1 1 reprefents  tliis  mftrument.,  as  Inclofed  in  its 
Tiiahogany  cafe  by  means  of  three  metallic  rings  a a a. 
This  cafe  is  a hollow  cone,fo  fhaped  within  as  to  contain 
fteadily  the  body  of  the  barometer,  and  Is  divided  Into 
three  branches  from  h to  <r,  forming  three  legs  or  fup' 
ports  for  the  indrument  when  obfervations  are  making, 
and  fuilaining  it  at  the  part  d of  the  cafe,  as  it  appears 
in  Fig.  12,  by  an  improved  kind  of  gimbals,  in  which 
its  own  weight  renders  it  fufficiently  fteady  at  any 
time.  In  the  part  of  the  frame  f g where  the  barome- 
ter tube  appears,  is  made  a long  flit  or  opening,  that 
the  column  of  mercury  may  be  feen  againft  the  light, 
and  the  vernier  piece  y'  brought  down  to  coincide  very 
nicely  with  the  edge  of  tire  mercury.  When  the  m- 
llrument  is  fixed  in  its  hand,  the  ferew  I is  to  be  turned 
to  let  the  meicury  down  to  its  proper  ftatlon,  and  a peg 
at  i mud  be  loofened,  to  admit  the  external  air  to  adl 
upon  the  mercury  contained  in  the  box  k.  The  pro- 
per adjudment,  or  mode  of  obferving  what  is  called  the 
%e7‘o  or  o divifion  of  the  column  of  mercury,  Is  by 
obferving*  it  in  the  tranfparent  part  of  the  box  ;^,^which 
has  a glafs  tube  or  refer  voir  for  the  quickfilvei*,  and  an 
edged  piece  of  metal  attached  to  the  exteimal  part  of  it ; 
with  the  edge  of  which  the  mercury  is  to  be  brought 
into  contadl  by  turning  the  ferew  / to  the  right  or  left 
as  occafion  requires.  The  vernier  piece  at  which 
determines  the  altitude  of  the  mercurial  column,  Is 
flrd  brought  down  by  the  hand  to  a near  contaT,  and 
then  accurately  adjuded  by  turning  the  ferew  e at  the 
top.  The  divifions  annexed  to  the  tube  of  this  indru- 
ment  may  be  of  any  fort,  or  of  any  degree  of  fmail- 
iiefs,  according  to  the  purpofes  it  is  intended  to  ferve. 
To  accommodate  it  to  the  life  of  foreigners  as  well  as 
natives,  there  are  commonly  added  fcales  of  both  French 
and  Engiidi  iirches,  with  their  fubdivifions  to  any  extent 
required.  It  is  iifual  to  place  the  French  fcale  of 
inches  on  the  right  fide  at  f g^  from  19  to  31  inches, 
meafured  from  the  zero  or  furface  of  the  mercury  in 
the  box  k below  ; each  inch  being  divided  into  lines  or 
I2t,h  parts,  and  each  line  fubdivided  by  the  vernier  into 
lOth  parts,  or  1 2cth  parts  of  inches  yby  means  of  wda.ich 
therefore  the  length  of  the  mercurial  column  may  be 
determined  to  the  120th  part  of  a French  inch,  "The 
other  fcale,  which  is  placed  on  the  left  fide  of  the  In- 
ftrument,  is  divided  into  Englifh  Inches,  and  each  inch 
into  20th  parts,  which  by  a vernier  are  fubdivided  into 
25th  parts,  or  ycoth  parts  of  Inches;  by  this  means 
fhewing  the  height  of  the  mercury  to  the  500th  part 
of  an  Englifli  inch.  But  this  vernier  is  figured  double 
or  each  divifion  is  accounted  2,  which  reduces  the  mea- 
fures  to  loootbs  of  an  inch  for  the  conveniencY  of  cal- 
culation, In  meafuring  altitudes  of  hills  &c. 

A thermometer  is  always  attached  to  the  inftrument, 
as  a neceffary  appendage  to  it,  being  faftened  to  the 
body  at  >6,  and  funk  into  the  furface  of  the  frame,  to 
preferve  it  from  injury  j the  degrees  of  this  thermo- 
meter are  marked  on  two  fcales,  one  on  each  fide 
of  it,  viz,  the  fcale  of  Fahrenheit,  and  that  of  Reau- 
mur,; the  freezing  point  of  the  former  being  at  32,  and 
of  the  latter  at  o.  Alfo  on  the  right  hand  fide  of  thefe 
two  fcales  there  Is  a third,  called  a fcale  of  correBiony 


placed  oppofitely  to  that  of  Fahrenheit,  with  the  word 
add  and  fuhtraB  marked  ; which  (hew’-s  the  neceffary 
corredtion  of  the  obferved  altitude  of  the  mercury  at 
any  given  temperature  of  the  air,  indicated  by  the  ther- 
mometer. 

There  are  feveral  other  pieces  of  mechanifm  about 
the  Indrument,  which  will  be  evident  by  infpedtion  ; 
and  the  manner  of  making  the  obfervations,  with  the 
neceffary  calculations,  are  fully  explained  In  M.  de  Luc’s 
Recherches  fur  les  Modifications  de  V AtmofpherCy  and 
the  Philof,  Tranf.  vol.  67  and  68,  before  cited. 

The  Common  Chamher  Weatherglajsy  Is  alfo  ufually 
fitted  up  in  a neat  mahogany  frame,  and  other  embei- 
Ilflrments,  to  make  it  an  ornamental  piece  of  furniture. 
It  Gonfiits  of  the  common  tube  barometer,  with  a 
thermometer  by  the  fide  of  it,  and  an  hygrometer 
at  the  top,  as  exhibited  in  fig.  i 3. 

To  the  foregoing  may  be  added  a new  fort  of  ili?- 
rometery  or  Weather  Injirument  by  the  Sound  of  a IV ire. 
This  is  mentioned  by  M.  Lazowfld  in  his  Tour  through 
Switzerland  : it  is  as  yet  but  in  an  imperfedt  date,  and 
was  lately  difeovered  there  by  accident.  It  feems  that 
a clergyman,  though  near-fighted,  often  amufed  himfelf 
wdth  firing  at  a mark,  and  contrived  to  flretch  a wire 
fo  as  to  draw  the  mark  to  him  to  fee  how  he  had  aimed. 
He  obferved  that  the  wire  fometimes  founded  as  if  it 
vibrated  like  a mufical  cord  ; and  that  after  fuch  found- 
ings, a change  always  enfued  in  the  date  of  the  atmo- 
fphere  ; from  whence  he  came  to  prcdidl  rain  or  fine 
weather.  On  making  farther  experiments,  it  was 
found  that  the  founds  weremoft  diflindl  when  extended 
in  the  plane  of  the  meridian.  And  according  to  the 
weather  which  was  to  follow,  it  was  found  that  the 
founds  were  more  or  lefs  foit,  or  more  or  lefs  continued; 
alfo  fine  weather,  it  is  faid,  was  announced  by  the  tones 
‘of  counter-tenor,  and  rain  by  thofe  of  bafs.  It  has 
been  faid  that  M.  Volta  mounted  15  chords  in  this 
way  at  Pavia,  to  bring  this  method  to  fome  precifion, 
but  no  accounts  have  yet  appeared  of  the  fuccefs  of  hia 
obfervations. 

The  Phanomena  and  Dhfervations  of  the  Barometer 
The  phsenomena  of  the  barometer  are  various ; but 
authors  are  not  yet  agreed  upon  the  caufes  of  them  ; 
nor  is  the  life  of  it,  as  a weather-glafs,  yet  pcrfedtly 
afcertalned,  though  daily  obfervations  and  experience 
lead  us  i-Ill  neai*er  to  precifion.  Mr.  Boyle  obferves 
that  the  phaenomena  of  the  barometer  are  fo  precarious, 
that  it  is  exceedingly  difficult  to  form  any  certain  gene- 
ral rules  concerning  the  rife  and  fall  of  the  mercury. 
Even  that  rule  fails  which  feems  to  hold  the  moil  gene- 
rally, viz,  that  the  mercury  is  low  in  high  winds.  The 
befl  rules  however  that  have  been  deduced  by  feveral 
authors  are  as  follow. 

Dr  Halley'’  s Rules  for  judging  of  the  Weather. 

1.  In  calm  weather,  when  the  air  is  Inclined  to  rain, 
the  mercury^  is  commonly  low. 

2.  In  ferene,  good,  and  fettled  weather,  the  mercury 
is  generally  high. 

3.  Upon  very  great  winds,  though  they  be  not  ac- 
companied with  rain,  the  mercury  finks  lowed  of  all,  ac- 
cording to  the  point  of  the  compafs  the  wind  blows  from. 


* T ii^genious  author  obferves  that,  by  means  of  barometers  we  may  regain  the  knowledge  that  ftlll  refideSf 
in  brutes,  and  which  we  forfeited  by  not  continuing  in  the  open  air,  as  they  modly  do ; and,  by  our  in- 
temperance, corrupting  the  crests  of  our  organs  of  fenfe. 

4.  The 
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4.  The  greateft  heights  of  the  mercury  are  found 
upon  eaderly  or  ngrth-eafteily  winds,  other  circiim- 
ftances  alike,  , 

5.  in  calm  frolly  weather,  the  mercury  commonly 
hands  hi«h. 

O 

6.  After  very  great  ftorms  of  wind,  when  the  mer- 
Gnry  has  been  very  low,  it  generally  rifes  again  very 
fall. 

7.  The  more  northeHy  places  have  greater  altera- 
tions of  the  barometer  than  the  more  foutherly,  near 
the  equator. 

8.  VViihinthe  tropics,  and  near  them,  there  is  little 
or  no  variation  of  the  barometer,  in  all  weathers.  For 
inflance,  at  St.  Helena  it  is  little  or  nothing,  at  Jamaica 
3-ioths  of  an  inch,  and  at  Naples  the  variation  hardly 
ever  exceeds  an  inch  ; whereas  in  England  it  amounts 
to  2 inches  and  a half,  and  at  Peterfburgh  to  33  nearly. 

Dr  Beal,  who  followed  the  opinion  of  M.  Pafcal, 
oblerves  that,  cateris  paribus,  the  mercury  is  higher  in 
cold  weather  than  in  warm  ; and  in. the  morning  and 
evening  ufually  higher  than  at  mid-day. — That  in 
fettled  and  fair  weather,  the  mercury  is  higher 
than  eitlicr  a little  before  or  after,  or  in  the  rain  ; 
and  that  it  commonly  delcends  lower  after  rain  than  it 
was  before  it.  And  he  aferibes  thefe  effedls  to  the 
vapours  with  which  the  air  is  charged  in  the  former 
cafe,  and  which  are  difpdrfed  by  the  falling  rain  in  the 
latter.  If  it  chance  to  rife  higher  after  rain,  it  is  ufu- 
ally followed  by  a fettled  ferenity.  And  that  tliere  are 
often  great  changes  in  the  air,  without  any  perceptible 
alteration  in  the  barometer. 

Air  FatricBs  Rufe^  for  judging  of  the  Weather. 
Thefe  ai'e  elteemcd  the  bell  of  any  general  rules  hitherto 
made  : 

1.  The  riling  of  the  mercury  prefages,  in  general, 
fai  r weather ; and  its  falling,  foul  weather,  as  rain,  fnow, 
high  winds,  and  llorms. 

2.  In  very  hot  weather,  the  falling  of  the  mer- 
cury indicates  thunder. 

3.  In  winter,  the  rifing  prefages  frofl  : and  in  frolly 
weather,  if  the  mercury  falls  3 or  qdlvlfioas,  tliere  will 
certainly  follow  a thaw.  P>ut  in  a continued  froll,,  if 
the  mercuiy  rifes,  it  will  certainly  fnow. 

4.  When  foul  weather  happens  foon  after  the  fall- 
ing of  the  mercury,  expecl  but  little  of  it ; and  on  the 
contrary,  expecl  but  little  fair  weather  when  it  proves 
fair  Ihortly  alter  the  mercury  has  rifen.* 

5.  In  foul  weather,  when  the  mercury  rifes  much  and 
high,  and  lo  continues  for  2 or  3 days  before  the  foul 
weather  is  quite  over,  then  expedl  a continuance  of 
Fur  weatlier  to  follow. 

6.  In  fair  weather,  when  the  mercury  falls  much  and 
low,  and  thus  continues  for  2 or  3 days  before  the  rain 
comes  ; then  expedl  a great  deal  of  wet,  and  probably 
high  winds. 

7.  The  unfettled  motion  of  the  mercury,  denotes 
uncertain  and  chaimeable  weather. 

O 

8.  You  are  not  fo  Itridlly  to  obferve  the  words  en- 
graved on  the  plates,  as  the  mercury’s  rifing  and  fall- 
ing ; though  in  general  it  will  agree  with  them.  Fo,r 
jf  it  (lands  at  ynuch  rain,  and  then  rifes  up  to  changeable, 
-it  prefages  fair  weather;  though  not  to  continue  fo 
long  as  if  the  mercury  had  rifen  higher.  And  fo,  on 
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the  contrary,  if  the  mercury  flood  at  fair,  and  falls  to 
changeable,  it  prefages  foul  weather  ; though  not  fo 
much  of  it  as  if  it  had  funk  lower. 

Upon  thefe  rules  of  Mr  Patrick,  the  following  Re- 
?narks  are  made  by  Air  Ronjuning.  That  it  is  not  fo 
much  the  abfolute  height  of  the  mercury  in  the  tube 
that  indicates  the  weather,  as  its  motion  up  and  down  ; 
wherefore,  to  pafs  a right  judgment  of  what  w^eather 
is  to  be  expefted,  we  ought  to  know  whether  the  mer- 
cury is  adlually  rifing  or  falling  ; to  which  end  the  fol- 
lowing rules  are  of  ufe. 

1.  If  the  furface  of  the  mercury  is  convex.  Handing, 
higher  in  the  middle  of  the  tulxf  than  at  the  (ides,  it 
is  a fjgn  that  the  micrcury  is  then  rifing.* 

2.  But  if  the  furface  be  concave,  or  hollow  in  the 
middle,  it  is  then  (inking.  And, 

3.  If  it  be  plain,  or  rather  a very  little  convex,  the 
mercury  is  Hationary  : for  mercury  being  put  into  a 
glafs  tube,  efpecially  a (mall  one,  naturally  has  its  fur- 
face  a little  convex,  becaule  the  particles  of  mercury 
attradl  one  another  more  forcibly  than  they  are  attradl- 
ed  by  glafs.  Farther, 

4.  If  the  glafs  be  fmall,  (hake  the  tube  then  if  the 
air  be  grown  heavier,  the  mercury  will  rife  about  half  a* 
loth  of  an  inch  higher  than  it  (lood  before  ; but  if  it 
be  grown  lighter,  it  will  link  as  much.  And,  it  may 
added,,  in  the  wheel  or  circular  barometer,  tap  the  in- 
(Irument gently  with  the  finger,  andthe  index  will  vi- 
fibly  dart  forwards  or  backwards  according  to  the 
tendency  to  rife  or  fall  at  that  time.-  This  proceeds 
from  the  mercury’s  lllcklng  to  the  fides  of  the  tube, 
wlu’ch  prevenis  the  free  motion  of  it  till  it  be  difen- 
gaged  by  the  fliock  : and  therefore  .when  an  obferva- 
tion  is  to  be  made  v.'ith  fuch  a tube,  it  ought  to  be  firil 
fhaken  ; for  fometimes  the  mercury  will  not  vary^  of  its 
own  accord,  till  the  weather  is  prefent  which  it 'ought 
to  have  indicated. 

And  to  the  foregoing  may  be  added  the  following 
additional  rules,  more  accurately  drawn  from  later 
and  more  dole  oblervatlon  of  the  motions  of  the  ba- 
rometer, and  the  confequent  changes  in  the  air  in  this 
country. 

1.  In  winter,  fpiing,  and  autumn,  the  fudden  fall- 
ing of  the  mercurj^,  and  that  for  a large  fpace,  denotes- 
high  winds  and  dorms  ; but  in  fummer  it  denotes 
heavy  fhowers,  and  often  thunder  : and  it  always  finks 
lowed  of  all  for  great  winds,  tliough  not  accompanied 
with  rain  ; though  ir  falls  more  for  wind  and  rain  toge- 
ther tlian  for  eitlier  of  them  alone.  Alfo,  if,  aftcr 
rain,  the  wind  change  into  any  part  of  the  north,  with 
a clear  and  dry  (IvV,  and  the  mercury  rife,  it  is  a certain 
fign  of  fair  weather. 

2.  After  very  great  fforms  of  wind,  wdien  the  mer- 
cury has  been  low,  it  commonly  rifes  again  very  fad. 
In  fettled  fair  and  dry  w'^eather,  except  the  barometer 
fink  much,  expecl  but  little  rain;  for  its  fmall  linking 
then,  is  only  (or  a little  wind,  or  a few  drops  of  rain,;, 
and  the  mercury  foon  rifes  again  to  its  former  dation. 
■In  a wet  feafon,  /uppofe  in  hay-time  and  harved,  the 
fmalled  finking  of  the  mercury  mud  be  minded  ; for 
when  the  conditution  of  the  air  is  much  inclined  to- 
diov/ers,  a little  finking  in  the  barometer  then  denotes- 
more  rain,  as  it  never  then  dands  very  high.  And,  if 
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in  fuch  a feafoii,  it  vife  fuddenly,  very  faft,  and  high, 
expecl  not  fair  weather  more  than  a day  or  two,  but  ra- 
tlier  that  the  mercury  will  fail  again  very  foon,  and 
rain  immediately  to  follow  : the  flow  gradual  rinng, 
and  keeping  on  for  2 or  3 days,  being  raofl:  to  be  de- 
pended on  for  a week’s  fair  weather.  And  the  unfet- 
tled  ftate  of  the  quickfilver  always  denoting  uncertain 
and  changeable  weather,  efpecially  when  the  mercury 
llands  any  where  about  the  word  changeable  on  the 
fcale. 

3.  The  greatefl;  heights  of  the  mercury,  in  this  coun- 
try, are  found  upon  eafterly  and  north-eafterly  winds  j 
and  it  may  often  rain  or  fnow,  the  wind  being  in  thefe 
points,  and  the  barometer  fink  little  or  none,  or  it 
may  even  be  in  a rifing  flate,  the  effedl  of  thofe  winds 
counteracting.  But  the  mercury  finks  for  wdnd,  as 
well  as  rain,  in  all  the  other  points  of  the  compafs  ; 
but  rifes  as  the  wind  fhifts  about  to  the  north  or  eaft, 
or  between  thofe  points : but  if  the  barometer  fliould 
fink  with  the  wind  in  that  quarter,  expeCl  it  foon  to 
change  from  thence  ; or  elfe,  fliould  the  fall  of  the 
mercury  be  much,  a heavy  rain  is  then  likely  to  enfue, 
as  it  fometimes  happens. 

Cauje  of  the  Phenomena  of  the  Barometer. 

To  account  for  the  foregoing  phsenomena  of  the 
barometer,  many  hypothefes  have  been  framed,  which 
may  be  reduced  to  two  general  heads,  viz,  mechanical 
and  chemical.  The  chief  writers  upon  thefe  caufes,  are 
Pafeal,  Beal,  Wallis,  Garcin,  Garden,  Lifter,  Hai- 
ley, Garften,  De  la  Hire,  Mariotte,  Le  Cat,  Wood- 
ward, Leibnitz,  De  Mairan,  Hamberger,  D.  Bernoulli, 
Mufehenbroek,  Chambers,  De  Luc,  Black,  &c  ; and 
-an  account  of  moft  of  their  hypothefes  may  be 
feen  at  large  in  M.  De  Lnc’s  F^echerches fur  les  Mo- 
difications de  d Atmofplere,  vcl.  I.  chap.  3 ; fee  alfo  the 
Philof.  Pranf.  and  vaiioiis  other  works  on  this  fubjeCt. 

It  may  fuffice  to  notice  here  fliglstly  a few  of  the  prin- 
cipal of  them. 

ijfier  accounts  for  the  changes  of  the  baro- 
meter from  the  alterations  by  heat  and  cold  in  the 
mercury  itfelf ; contradling  by  cold,  and  expanding 
by  heat.  But  this,  it  is  now  w^ell  known,  is  quite  in- 
fufficient  to  account  for  the  whole  of  the  effedt. 

T'he  clianges  in  the  weight  or  preflure  of  the  at- 
mofphere  muft  therefore  be  regarded  as  the  principal 
caufe  of  thofe  in  the  barometer.  But  then,  the  diffi- 
culty will  be  to  affign  the  caufe  of  that  caufe,  or 
whence  arife  thofe  alterations  that  take  place  in  the 
atmofphere,  which  are  fometimes  fo  great  as  to  alter 
its  preffure  by  the  loth  part  of  the  whole  quantity. 

It  is  probable  that  the  winds,  as  driven  about  in  differ- 
ent diredlions,  have  a great  (hare  in  them;  vapours 
and  exhalations,  rifing  from  the  earth,  may  alfo  have 
fome  fliare  ; and  fome  perhaps  the  flux  and  reflux  oc- 
cafioned  in  the  air  by  the  moon  ; as  well  as  fome 
chemical  caufes  operating  between  the  different  parti- 
cles of  matter. 

Dr.  Halley  thinks  the  winds  and  exhalations  fuffi- 
cient ; and  on  this  principle  gives  a theory,  the  fub- 
ftance  of  which  may  be  comprifed  In  what  follows  : 

ift,  That  the  winds  muft  alter  the  weight  of  the 
air  in  any  particular  country  ; and  this,  either  by 
bringing  together  a greater  quantity  of  air,  and  fo  load- 
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ing  the  atmofphere  of  any  place ; which  will  be  the 
cafe  as  often  as  two  winds  blow  from  oppofite  parts, 
at  the  fame  time,  towards  the  fame  point : or  by  fweep- 
ing  away  fome  part  of  the  air,  and  giving  room  for 
the  atmofphere  to  expand  itfelf ; which  will  happen 
when  two  winds  blow  oppofite  ways  from  the  fame 
point  at  the  fame  time  : or  laftly  by  cutting  off  the 
perpendicular  preffure  of  the  air ; which  is  the  cafe 
when  a fingle  wind  blovrs  brifldy  any  way  ; it  being 
found  by  experience,  that  a ftrong  blaft  of  wind,  even 
made  by  art,  will  render  the  atmolphere  lighter  ; and 
hence  the  merem-y  in  a tube  below  it,  as  well  as  in 
others  more  diftant,  will  confiderably  fubfide.  See 
Philof  Pranf.  N°  292. 

zdly,  That  the  cold  nitrous  particles,  and  even  the 
air  itfelf  condenfed  in  the  northern  regions,  and  driven 
elfewhere,  muft  load  the  atmofphere,  and  increafe  its 
preffure. 

3dly,  That  heavy  dry  exhalations  from  the  earth 
muft  increafe  the  weight  of  the  atmofphere,  as  well  as 
its  elaftic  force ; as  we  find  the  “fpecific  gravity  of 
menftruunis  increafed  by  diffolved  falts  and  metals. 

qthly,  That  the  air  being  rendered  heavier  by  thefe 
and  the  like  caufes,  is  thence  better  able  to  fuppert 
the  vapours ; which  being  likcwife  intimately  mixed 
with  it,  make  the  weather  ferene  and  fair.  Again, 
the  air  being  made  lighter  from  the  contrary  caufes, 
it  becomes  unable  to  fiipport  the  vapours  with  which 
it  is  replete  ; thefe  therefore  precipitating,  are  collect- 
ed into  clouds,  the  particles  of  which  in  their  progrefs 
unite  Into  drops  of  rain. 

Hence  he  infers,  it  is  evident;  that  the  fame  caufes 
which  increafe  the  weight  of  the  air,  and  render  it 
more  able  to  fupport  the  mercury  in  the  barometer, 
do  likewife  produce  a ferene  fky,  and  a dry  feafon  ; 
and  that  the  fame  caufes  which  render  the  air  lighter, 
and  lefs  able  to  fupport  the  mercury,  do  likewife  ge- 
nerate clouds  and  rain. 

But  thefe  principles,  though  w^ell  adapted  to  many 
of  the  particular  cafes  of  the  barometer,  feem  hoAV- 
ever  to  fall  fliort  of  fome  of  the  principal  and  moll 
obvious  ones,  befides  being  liable  to  feveral  objections. 

Peilnii%  accounted  for  the  fall  of  the  mercury  be- 
fore rain  by  another  principle,  viz,  That  as  a body 
fpecifically  lighter  than  a fluid,  while  it  is  fuftained  by 
it,  adds  more  weight  to  that  fluid  than  when,  by  be- 
ing reduced  in*  bulk,  it  becomes  fpecifically  heavier, 
and  defeends  ; fo  the  vapour,  after  it  is  reduced  Into 
the  form  of  clouds,  and  defeends,  adds  lefs  weight  to 
the  air  than  it  did  before;  and  hence  the  mercury 
finks  in  the  tube. — But  here,  granting  that  the  drops 
of  rain  formed  from  the  vapours  always  increafing  in 
fize  as  they  fall  lower,  were  continually  accelerated 
alfo  in  their  motion,  and  fo  the  air  fuffer  a continued 
lofs  of  their  weight  as  they  defeend  ; it  may  however 
be  objected,  that  by  the  defeent  of  the  mercury  the 
rain  is  foretold  a mucli  longer  time  before  it  comes, 
than  the  vapour  can  be  fuppofed  to  take  up  in  falling : 
that  many  times,  and  in  different  places,  there  falls  a 
great  deal  of  rain,  without  any  finking  of  the  mer- 
cury at  all ; as  alfo  that  there  often  happens  a fall  of 
the  mercury  without  any  rain  enfuing : and  that  fome- 
times the  mercury  will  fuddenly  fink,  in  a fliort  fpace 
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■of  time,  lialf  an  inch  or  more,  which  anfr/era  to  7 
inches  of  min,  pv  about  one  third  of  the  whole  quan- 
tity falling  in  the  whole  year, 

Mr.  I)e  Luc  fnppofes  that  the  'change?  obferved  in 
the  preffare  of  die  atraofphere,  are  chiefly  produced 
by  the  greater  or  lefs  quantity  of  vapours  floating  in 
it : as  others  have  attribiiteo  triem  to  the  fame  caiife, 
but  have  given  a different  eicplanation  of  it.  llis  opi- 
nion is,  that  vapours  dirninilh  the  fpcclfic  gravity,  and 
confequently  the  abiolute  weight,  of  thofe  columns  of 
the  atmofpherc  into  which  they  are  received,  and 
which,  notwitliflanding  this  admixture,  ftill  remain  of 
the  fame  height  with  adjoining  columns  that  conllfl  of 
prare  or  dry  air.  He  afterwards  vindicates  and  more 
fully  explains  this  theory,  and  applies  it  to  the  folution  of 
the  q)rliTcip3l  phenomena  of  the  barometer,  as  depending 
'OD  thc'varying  denfity  and  weiglit  of  the  atmofphere. 

Dr.  James  Iluttoti,  in  his  Theory  of  Rain^  printed 
in  the  Tranfaftions  of  the  Royal  Society  of  Edinburgh, 
'vol.  I,  gives  ingetiious  and  plaulible  reafons  for  think;- 
ing  that  the  leffeiiing  the  weight  of  the  atmofphere  ^ 
by  the  fall  of  rain,  is  not  the  caufe  of  the  fall  of  the 
barometer;  but  that  the  principal,  If  not  the  only 
caufe,  arifes  from  the  commotions  in  the  atmofphere, 
which  axe  chiefly  produced  by  fudden  changes  of  heat 
and  cold  in  the  air.  The  barometer,  fays  he,  is  a« 
inflrument  necefTarily  conne^fed  with  motioiis  in  the 
atmofphere ; but  it  is  not  equally  affccled  with  every 
motion  in  that  fluid  body.  The  barometer  is  chiefly 
afleffed  by  thofe  motions  by  which  there  are  produced 
accumulations  and  abitradlions  of  this  fluid,  in  places 
cr  regions  of  lufficient  extent  to  affecf  the  prcflhre  of 
the  atmofphere  upon  the  furface  of  the  eartli.  But  as 
every  commotion  in  the  atmofphece  may,  under  pro- 
per conditions,  be  a caufe  for  rmn,  and  ns  the  want  of 
commotion  in  the  atmofphere  is  naturally  a caufe  of 
fair  weather,  this  inflrument  may  be  made  of  great  im- 
portance for  the  piirpole  of  meteorological  obfervations, 
vdthough  not  in  the  certain  and  more  Ample  manner 
in  which  it  has  been,  with  the  increafe  of  fcience,  fo 
fjiccefsfully  applied  to  the  mcafurlng  of  heights.” 
Bee  Raik. 

In  tlie  Kncycljpadla  Briteiuiica  there  is  another 
theory  of  the  changes  in  the  barometer,  as  depending 
on  the  heat  in  the  atmofphere,  not  as  producing  com- 
motions there,  but  as  altering  the  fpecific  gravity  of 
the  air  by  the  changes  of  heat  and  cold.  The  princi- 
ples of  this  theory  are,  lil,  That  vapour  is  formed  by 
<m  Intimate  union  between  the  elements  of  Are  and 
water,  by  which  the  Are  or  heat  is  fo  totally  enveloped, 
;ind  its  aclion  fo  perfectly  fufpended  by  the  aqueous 
particles,  that  it  not  only  lofes  its  properties  of  burn- 
ing and  of  giving  light,  but  becomes  incapable  of 
aftedllng  the  mofl  ienfible  thermometer,  In  which  cafe 
k Is  faid  to  be  in  a latent  Hate : and  2d,  Tliat  if  the 
atmofphere  be  affeclcd  by  any  iinufual  degree  of  heat, 
it  thence  becomes  incapable  of  fupporting  fo  long  a 
•column  of  inercuiy  as  before  ; for  which  rcafon  it  is 
that  the  barometer  Anks. 

From  thefe  axioms  it  would  follow,  that  as  vapour 
is  formed  by  an  union  of  Are  with  water,  whether  by 
attrailion  or  a folution  of  the  water  in  the  Are,  the 
vapour  carmot  be  coiidented  till  this  unionj  attravtion, 
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or  folution,  Js  at  an  end.  Hence  the  beginning  oT  t;h  - 
condenfatioii  of  the  vapour,  or  the  Aril  Agns  of  ap- 
proaching rain,  ' mnft  be  the  reparation  of  the  fire 
which  is  latent  in  the  vapour.  In  the  beginning,  this 
may  be  either  flow  and  partial,  or  it  may  be  fudden 
and  violent : in  the  firR  cafe,  the  rairj  will  come  on 
flovvlv,  and  after  a confiderable  time  ; but  in  the  other, 
it  will  come  very  quicklv,  and  in  a great  quantity. 
But  Dr.  Black  lias  proved,  that  when  Are  quits  its  la- 
tent Rate,  however  long  It  may  liave  Irnu  dormant  and 
infenfible,  It  always  reaffumes  its  proper  qualities,  and 
afledls  the  thermometer  juR  the  fame  as  if  it  had  never 
been  abrovbed.  d'he  confeqiience  of  this  i?,  that  in 
proportion  as  the  latent  heat  is  difcliarged  from  the  va- 
pour, thofe  parts  of  the  atmofphere  into  which  it  is 
difeharged  rnuR  be  lenAbly  afledled  by  it  ; and  in  pro- 
portion to  llic  heat  communfeated  to  thoie  parts,  they 
will  become  fpeciAcally  lighter^  and  the  mercury  will 
Ank  of  courfe. 

In  the  Memoirs  of  the  lAierary  Society  of  Manchejer^ 
vol.  4,  is  alfo  a curious  paper  on  this  fubjeft,  viz,  Me- 
teorological Ohfci  r.Hitions  made  on  different  Parts  of  the 
IVeJiern  Coafl  of  Great  Britain:  arranged  by  ”7*.  Gnrnctfy 
Pf,  D.  This  paper  is  compofed  of  materials  furnina- 
ed  by  feveral  oblervers ; tliofe  of  Mr.  Copland,  fnr- 
geon  at  Dumfries,  are  of  fpecial  importance.  This 
gentleman  is  of  opinion  that  the  changes  of  the  baro- 
meter indicate  approaching  hot  and  cold  weather,  with 
much  more  ceitainty  than  dry  and  wet.  “ Eveiw  re- 
markable elevation  of  the  barometer,  favs  he.  where 
it  is  of  any  duration,  is  followed  by  very  warm  or  dry 
weather,  and  moderate  as  to  wind,  or  by  all  of  them  ; 
but  beat  feems  to  have  rnoR  influence  and  connexion  ; 
and  when  it  is  deAcient,  the  continuance  of  the  other 
two  will  be  longer  and  mtme  remarkable  ; therefore 
the  calculation  muR  be  in  a compound  ratio  of  the  cx- 
cefs  and  deAcicn.cy  of  the  heat,  and  of  the  drynels  of 
the  weather  in  comparifon  of  the  medium  of  the  Tea 
fon  ; and  with  regard  to  the  want  of  Rrong  wind,  it 
appears  to  be  intimately  connected  with  the  laR,  as 
they  fhew  that  no  precipitation  is  going  on  in  any  of 
tile  neighbouring  regions.” 

In  his  14'th  and  15th  remarks,  be  had  faid, 

* 14th,  That  the  barometer  being  lower,  and  conti- 
nuing fo  longer  than  what  can  be  accounted  for  by 
Immediate  falls,  or  llormy  weather,  indicates  the  ap- 
proach of ’Very  cold  weather  for  the  feafon  ; and  alfo, 
cold  weather,  though  dry,  is  always  accompanied  by 
a low  barometer,  till  near  its  termination.^ 

‘ 1 5th,  IRiat  warm  weather  is  always  preceded  and 
moRly  accompanied  by  a high  barometer;  and  the 
riAng  of  the  barometer  in  the  time  of  broken  or  cold 
weather,  is  a Agn  of  the  approach  of  v,'armcr  weather; 
and  alfo  if  the  wind  is  in  any  of  the  cold  points,  a 
fudden  rife  of  the  barometer  indicates  the  approach  of 
a fontherly  wind,  which  in  winter  generally  brings  rain 
with  it.’ 

In  the  two  following  remarks,  Mr.  Copland  had  ex- 
plained certain  phenomena  from  a principle  Amilar  to 
that  on  which  Dr.  Darwin  has  fo  much  inARed;  (Bo- 
tanic Garden,  I.  notes  p.  79,  Sec,  ) 

‘ That  the  falling  of  the  barometer  may  [^'oceed 
from  a decompofition  of  the  atmofphere  occurring  a- 
C c round 
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round  or  near  that  part 'of  the  globe  where  we  are 
placed,  which  will  occafion  tlie  cleclricitr  of  the  at- 
mofphere  to  be  repelled  upwards  in  fine  lambent  por- 
tions ; or  driven  downwards  or  upwards  in  more 
compared  balls  of  fire ; or  laftly,  to  be  carried  along 
with  the  rain,  &;c,  in  an  imperceptible  manQer  to  the 
furface  of  the  earth  : the  precipitation  of  the  watery 
parts  generally  very  foon  takes  place,  which  dimluillaes 
the  real  gravity  of  the  atraofphere,  and  alfo  by  the 
decompofition  of  fome  of  the  more  aclive  parts,  the 
air  lofes  part  of  that  elafHc  and  repnifive  power  which 
it  fo  eminently  pofiefTcd,  and  will  therefore  prefs  with 
iefs  force  on  the  mercury  of  the  barometer  than  be- 
fore, by  which  means  a fall  enlues. 

* That  the  caufe  of  the  currents  of  air,  or  winds, 
may  alfo  be  this  way  accounted  for  ; and  in  very  fevere 
llorms,  where  great  decompofitions  of  the  atmofphere 
take  place,  this  is  particularly  evident,  fuch  as  gene- 
rally occur  in  one  or  more  of  the  Weft  India  iflands  at 
®ae  time,  a great  lofs  of  real  gravity,  together  w'ith 
a confidcrable  diminution  of  the  fpring  of  the  air  im- 
mediately enfues  ; hence  a current  commences,  firft  in 
that  direffion  whence  the  air  has  moil  gravity,  or  is 
rnoft  difpofed  to  undergo  fuch  a change  ; but  it  being 
focii  relieved  of  its  fuperior  weight  or  fpring  on  that 
fide,  by  the  decompofition  going  on  as  fall  as  the  wind 
arrives  on  the  ifland,  it  immediately  veers  to  another 
point,  which  then  ruflies  in  moftly  with  an  increafe  of 
force  ; thus  it  goes  on  till  it  has  blown  more  than  half 
way  round  the  points  of  the  compafs  during  the  conti- 
nuation of  the  hurricane.  For  in  this  manner  the  Weft 
India  phenomena,  as  well  as  the  alteration  of  the 
wind  during  heavy  rains  in  this  country,  can  only  be 
properly  accounted  for.’  See  remark  No.  4, 

Mr.  C.’s  4th  aphorifm  is,  ‘ That  the  heavieft  rains, 
when  of  long  continuance,  generally  beign  with  the 
wind  blowing  eafterly,  w^hen  it  gradually  veers  round  to 
the  fouth  ; and  that  the  rain  does  not  then  begin  to 
ceafe  till  the  wind  has  got  to  the  w'eft,  or  rather  a little 
to  the  northward  of  it,  w'hen,  it  may  be  added,  it  com- 
monly blows  with  fome  violence.* 

Many  other  obfervations  on  the  barometer,  the  wea- 
ther, &c.  may  be  feen  in  various  parts  of  the  Philof. 
Tranf,  And  for  other  curious  papers  on  the  fame, 
and  other  fubjedfs  connedled  with  the  barometer,  fee 
the  Gentleman’s  Magazine  for  1789,  p.  317  ; alfo 
Greu’s  Journal  of  Nat.  Philof,  printed  at  Leipzig 
1792,  for  the  influence  of  the  fun  and  moon  upon  the 
barometer, 

T^he  Baro?neter  appVed  to  the  meafuring  of  jdliltudes* 

The  fecondary  charadler  of  the  barometer,  namely 
as  an  inftrument . for  meafuring  acceffible  heights  or 
depths,  was  firft  propofed  by  Pafeal,  and  Defcartes,  as 
has  been  before  obferved  ; and  fucceeding  philofophers 
have  been  at  great  pains  to  afeertain  the  proportion 
between  the  fail  of  the  barometer  and  the  height  to 
which  it  is  carried ; as  Halley,  Mariotte,  IMaraldi, 
S.cheuchzer,  J.  Caflini,  D.  Bernoulli,  Horrebow,  Bou- 
guer,  Shuckburgh,  Roy,  and  more  efpecially  by  De 
Luc,  who  has  given  a critical  and  hiftorieal  detail  of 
moft  of  the  attempts  that  have  at  dift'erent  times  been 
made  for  applying  the  motion  of  r.he  rnercury  in  the 
barometer  to  the  meafuremeui  of  acteftjble  heights. 


And  for  this  piirpofe  ferves  the  portable  barometer^ 
before  deferibed,  (fig.  ii  and  12,  plate  4,)  wliich 
fhould  be  made  with  albthe  accuracy  pofiible.  Various 
rules  have  been  given  by  the  writers  on  this  fubjecl, 
for  computing  the  height  afeended  from  the  given  fall 
of  the  mercury  in  the  tube  of  the  barometer,  the  moft 
accurate  of  which  wris  that  of  Dr.  Halley,  till  it  was 
rendered  much  more  accurate  by  the  indefatigable  re- 
fearches  of  De  Luc,  by  introducing  into  it  the  cor- 
redtlons  of  the  columns  of  mercury  and  air,  on  account 
of  heat.  And  other  corredlions  and  modifications  of 
the  fame  may  be  feen  inferted  under  the  article  At- 
mosphere, wLere  the  moft  corredl  rule  is  deduced 
from  one  fiiigle  experiment  only.  This  rule  is  as 
foilow^s : 

The  P^ule  for  Computing  Altitudes^  is  tbis, 

M . 

Viz,  loooo  X log.  of  — is  the  altitude  in  fathoms^ 

nt 

in  the  mean  temperature  of  31°;  and  for  every  degree 
of  the  thermometer  above  that,  the  refult  muft  be  in- 
creafed  by  fo  many  times  its  435th  part,  and  dimlnifli- 
ed  wlien  below  it : in  which  theorem  M denotes  tire 
length  of  the  column  of  mercury  in  the  barometer 
tube  at  the  bottom,  and  m that  at  the  top  of  the  hil4 
or  other  eminence  ; which  lengths  may  be  expreffed  lit 
any  one  and  the  fame  fort  of  meafures,  whether  fee4 
or  inches,  ot  tenths,  &c,  and  either  Englifh,  or 
French,  or  of  any  other  nation  ; but  the  refult  h al- 
w’ays  in  fathoms,  of  6 Englifli  feet  each. 

And  the  Precepts^  in  words,  for  the  praflice  ot 
meafurements  by  the  barometer,  are  thefe  following : 

I ft,  Obferve  the  height  of  tire  barometer  at  the 
bottom  of  any  height  or  depth,  propofed  to  be  mea- 
fured  ; together  with  the  temperature  of  the  mercury 
by  means  of  the  thermometer  attached  to  the  baro- 
meter, and  alfo  the  temperature  of  the  air  in  the  fhade 
by  another  thermometer  which  is  detached  from-^  the 
barometer. 

2dly,  I^et  the  fame  thing  be  done  alfo  at  the  top 
of  the  faid  height  or  depth,  and  as  near  to  the  fame 
time  with  the  former  as  may  be.  And  let  thofe  alti- 
tudes of  mercuiT  be  reduced  to  the  fame  temnerature, 
if  it  be  thought  neceflary,  by  correcting  either  the 
one  or  the  other,  viz,  augmenting  the  height  of  the 
mercury  in  the  colder  temperature,  or  diminiflilng  that 
in  the  warmer,  by  its  9600th  part  for  every  degree  of 
difference  between  the  two  ; and  the  altitudes  of  mer- 
cury fo  corredfed,  are  what  are  denoted  by  M and  m, 
in  the  algebraic  formula  above. 

3dly,  Take  out  the  common  logarithms  of  the  two 
heights  of  mercury,  fo  correfted,  and  fubtradt  the  lefs 
from  the  greater,  cutting  off  from  the  right  hand  fide 
of  the  remainder  three  places  for  decimals;  lo  fliall  thofe 
on  the  left  be  fathoms  in  whole  numbers,  the  tables  of 
logarithms  being  uriderftood  to  be  fucb  as  have  7 places 
of  decimals. 

4thly,  Corredk  the  number  laft  found,  for  the  differ- 
ence of  the  temperature  of  the  air,'  as  follows:  viz, 
Take  half  the  fum  of  the  two  temperatures  of  the  air, 
fhewn  by  the  detached  thermometers,  for  the  mean  one; 
and  for  every  degree  which  this  differs  from  the  ftandard 
temperature  of  31°,  take  fo  many  times  the  435th  part 
of -the  fathoms  abov&  found,  and  add  them  if  tiie  mean 

temperature 


temperature  be  more  than  31®,  but  fubtrac^:  them  if  it 
be  below  3 ; fo  fhall  the  fiim  or  difference  be  the  true 

altitude  in  fathoms,  or  bein^  multiplied  by  6,  ic  will 
give  the  true  altitude  in  Englifii  feet. 


Kccample  i . Let  the  flate  of  the  barometers  nnd  ther- 
mometers be  as  follows,  to  find  the  altitude;  viz. 


Thermometers. 

] Barometers. 

detached. 

attached. 

57 

57 

; 29*68  lower 

42 

43 

1 23*28  upper 

mean  49  J 

dif.  14 

1 

; ; 29*68  : '04 

cor.  *04  logs. 

M 29*^4  - 47  I 87S2 
TT?  rr:  23  *28  - 402777  I 

As  435  : 1 8 i ::  69 1*01 1 ; 29*388 

29*388 


As  9600  : 14 

mean  49^ 
iland.  3 I 

dif,  i8f 


the  altitude  r 720*399  fath, 
fouglit  is  [or  4?, 22*  ^94  feet. 


Example  2.  To  find  the  altitude  of  a hill,  when  the 
ftate  of  the  barometer  and  thermometer,  as  obferved  at 
tlie  bottom  and  top  of  it,  is  as  follows  ; viz, 


Thermom.eters. 


dif. 


detached. 

attach 

35 

4' 

31 

38 

mean  33 

dif.  3 

AS9O00  ; 

3 

mean  33 
fland.3  i 

Barometers. 

29*43 

26*82 


29*43 

'oi 
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hi  = 29*44  - 4689378 
m = 26*82  - 4284588 

As  433  : 2 : : 404*790 

1*86 


1*86 


tbe  altitude/  406*65  fathoms, 
iought  is  ^or  2439*90  feet. 


Sec  this  rule  invefligated  under  the  article  Pneuma- 
tics, at  the  end. 

N.  B.  The  mean  height  of  the  barometer  in  London, 
upon  an  average  of  two  obfervations  in  every  day  ot  the 
year,  kept  at  the  houfe  of  the  Royal  Society,  for  many 
years  pall,  is  29*88;  the  medium  tempei  ature,  or  height 
of  the  thermometer,  according  to  the  I'.ime,  being  58"^. 
Ibit  tbe  medium  hela-lit  at  tbe  lurface  of  the  lea,  accord- 
mg  to  Sir  Geo.  Shuckburglr  (Philof.  Tianf.  1777,  p. 
586)  is  30*04  Inches,  the  heat  of  the  barometer  being 
55°,  and  of  tlie  air  62°. 

BAROSCOPE,  a machine  for  flicwing  the  altera- 
tions in  the  weight  or  preffurc  of  the  atmoijihere.  See 

ILrO  METER. 

BARREL,  an  Englifh  veflel  or  cafl-:,  containing  36 
gallons  of  beer  ineafuic,  or  32  gallons  of  ale  mcalure. 
The  barrel  of  beer,  vinegar,  or  of  liquor  preparing  for 
vinegar,  ought  to  contain  34  gallons,  according  to  the 
flandard  of  the  ale  quart. 


Barrel,  In  Clock-work,  Is  the  cylinder  about  which 
tlie  fprlng  is  wrapped. 

BARRICiCDl'l,  or  Barricado,  a military  t.erm 
for  a fence,  or  i-etrcnchment,  haflily  made  with  veficls, 
or  haflvcts  of  earth,  carts,  trees,  flakes,  or  the  like,  to 
preferve  an  army  from  the  fhot  or  aflault  of  an'cncmy. 

BARRIER,  a kind  of  fence  made  at  a pafTage,  re- 
trenchment, gate,  or  fuch  like,  to  flop  it  up  againfl  an 
enemy. 

BARROW  (Isaac),  a very  eminent  mathema- 
tician and  divine  of  the  17th  century,  was  born  at  Lon-  , 
don  In  October,  1 630,  being  the  fon  of  Thomas  Barrow, 
tb.en  a linen-draper  of  that  city,  but  defeended  from  an 
ancient  family  in  Suffolk.  He  was  at  firil  placed  at  the 
Charter-boufe  fchool  for  two  or  three  years;  where  his 
behaviour  afforded  but  little  hopes  of  fuccefs  in  the  pro- 
fefiion  of  a fcholar,  being  fond  of  fighting,  and  pro- 
moting it  among  his  fcliool-kilows  : but  being  removed 
to  Fellled  In  Effex,  bis  difpofition  took  a different  turn ; 
and  having  foon  made  a great  progiefs  In  learning,  he 
was  firfl  admitted  a pcnlioner  of  Peter  Houfe  in  Cam- 
bridge ; but  when  he  came  to  join  the  univerfity.  In 
Feb.  1645,  he  was  entered  at  Trinity  college.  He  now 
a plied  himfelf  with  great  diligence  to  the  fludy  of  all 
paits  of  literature,  efpecially  natural  philofophy.  He 
afterward  turned  his  attention  to  the  pVofelTion  of  phy- 
lic,  and  made  a confidcrable  progrefs  in  anatomy,  bo- 
tany, and  chemlllry  ; he  next  lludied  divinity  ; therr 
chronology,  aflronomy,  geometry,  and  the  other  branch- 
es of  the  mathematics  ; with  what  fuccefs,  his  writing? 
afterwards  mod  eminently  fliewed. 

When  Dr.  Duport  refigned  the  chair  of  Greek  pro- 
feffor,  he  recommended  his  pupil  Mr.  Burrow  for  his 
fuGceffor,  who,  in  his  probation  exercife,  fliewed  him- 
felf equal  to  the  charatler  that  had  been  given  him  by 
this  gentleman  ; but  being  fufpeCled  of  favouring  Ar- 
minlanifm,  he  was  not  preferred.  This  difappointment 
it  feems  determined  him  to  quit  the  college,  and  vilit 
foreign  countries  ; but  his  finances  were  fo  low,  that  be 
was  obliged  to  difpofe  of  his  books,  to  enable  him  to 
execute  that  defign. 

He  left  England  in  June  1653,  and  vlfited  France, 
Italy,  Turkey,  &c.  At  feveral  places,  in  the  coui  fe 
of  tills  tour,  he  met  with  kindnefs  and  liberal  affiflance 
from  the  Itnglifh  ambaffadors,  &:c,  which  enabled  him  to 
benefit  the  more  from  it,  by  protrafling  bis  Hay,  and 
prolonging  his  journey.  He  fpent  more  than  a year  in 
Turkey,  and  returned  to  iMigland  by  way  of  Venice, 
Germany,  and  Flolland,  In  i6;9.  At  Conflantinople 
he  read  over  the  works  of  St  Chryfoflom,  once  blfliop 
of  that  fee,  whom  he  preferred  to  all  the  other  iatiiers. 

On  his  return  home  Barrow  was  epifcopally  ordained 
by  bifnop  Brownrig  ; and  in  1660,  he  wavS  chofen  to  the 
Greek  profeffoiTnip  at  Cambridge.  In  July  1662,  he 
was  tieEfed  profcflor  of  geometry  In  Greffiam  college  ; 
in  which  flation,  he  not  only  difeharged  his  own  duty, 
but  fiipplied  Hkewife  the  ablence  of  Dr.  Pope  tlie  aflro- 
nomy profeffbr.  Among  his  ledlures,  fouie  were  upon 
the  projeftion  of  the  fphere  and  perlpeflive,  which  are 
lofl  ; but  his  Latin  oration,  previous  to  bis  ledlures,  is  ' 
Fill  extant.  About  this  time  Mr.  Barrow  was  offered 
a good  living  ; but  the  condition  annexed,  of  teaching 
the  patron’s  fon,  made  him  reiufe  It,  as  thinking  it  too 
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Kke  a fi'moniat  contract.  Upon  the  20th  of  May 
1663  he  was  elected  a fellow  of  the  Royal  Society,  in 
■the  firll  choice  made  by  the  Council  alter  their  charter. 
The  fame  year  the  executors  of  Mr.  Lucas  having,  ac- 
cording to  his  appointment,  founded  a mathematical 
lefture  at  Cambridge.,  they  feledled  Mr.  Barrow  for  the 
hrft  profefTor;  and  though  his  two  profellbrlhips  were 
.not  incompatible  iXdth  each  other,,  he  chofe  to  refign 
that  of  Grefliam-college,  which  he  did  May  the  20th, 
1664.  In  1669  he  rehgned' the  mathematical  chair  to 
his  learned  friend  Mr.  Ifaac  Newton,  being  now  deter- 
. mined  to  quit  the  ftudy  of  mathematics  for  that  of  di- 
vinity. On  quitting  his  proferforfliip,  he  had  only  his 
feliowfhip  of  Trinity-college,  till  his  uncle  gave  him  a 
fmall  fmecure  in  Wales,  and  Dr.  Seth  Ward  biiliop  of 
Salifbury  conferred  upon,  him  a prebend  in  his  church. 
In  the  year  1670  he  was  created  dodlor  in  divinity  by 
mandate ; and,  upon  the  promotion  of  Dr.  Pearfon 
inafter  of  Trinity  college  to  the  fee  of  Chettet,  he  was 
appointed  to  fucceed  him  by  the  king^s  patent  bearing 
date  the  r3th  of  February  1672:  upon  which  occahon 
the  king  was  pleafed  to  fay,  he  had  given  it  to  the 
bell  fcholar  in  England.”  In  thi-s,  his  majefly  did  not 
ipeak  from  report,  But  from  his  own  knowledge;  the 
dodlor  being  then  his  chaplain,  he  ufed  often  to  conveife 
with  him,  and,*  in  his  humourous  way,  to  call  him  an 

unfair  preacher,’’  becaufe  he  exhaulled  every  fubjedt, 
and  left  no  room  for  others  to  come  after  him.  In 
. 1675  he  was  cbofen  vice-chancellor  of  the  univerfity  ; 
and  he  omitted  no  endeavours  for  the  good  of  that  fo- 
cicty,  nor  in  the  line  of  his  profeffion  as  a divine,  for  the 
promotion  of  piety  and  virtue  ; but  his  idVful  labours 
, wcrvc  abruptly  terminated  by  a fever  on  the  4th  of  May 
1677,  in  the  4.7th  year  of  his  age.  He  was  mterred  in 
Fv'elhninfter  abbey,  where  a monument,  adorned  with., 
his  bull;,  was  £bon  after  eredfed,  by  the  contribution  of 
liis  rnends. 

Di\  Barrow^s  works  are  very  numerous,  and  indeed 
various,  mathematical,  theological,  poetical,  &c,  and 
inch  as  do  honour  to  the  EngbiHi  nation.  They  ar.c 
principally  as  follow; 

1.  Eudidis  EJernenta.  Cantab.  1675,  in  8vo, 

2.  Eudidis  Data,  Cantab.  H 77,  in  8vo. 

5,  Ledtiones  Opticas  xviii,  Lond.  1669,  4to. 

4.  Leddiones  Geometric^  xiii,  Lond.  1670,410.,. 

5.  Archimedis  Opera,  Apoilonii  Conicorum  libri  iv, 
Thcodofii  Sphencorum  lib.  iii;  nova  raethodo  iiluilrata, 
Kt  lacdndle  demonllrata.  Lond.  1675,  in  4to. 

The  following  were  publifhed  after  his  deceafe,.vlz 

6.  Leftio,.  in  qua  theoremata  Arcliimedis  de  fphrera 
et  cylindro  per  rnetiiodura  indivifibilium  irivelligata,  ac 
breviter  invelligata,.exhibentur..,  Lond.  1678,  i2mo. 

7.  Mathematicse  Ledfiones  habitae  in  fcholis  publicis 

academias  Cantabrigienfis,  an.  1664,  5?  Lond. 
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8.  All  his  Englifh  works  in  3 volumes,  Lond.  1683, 
folio. -—Thefe  are  all  theological,  and  were  publilLed  by 
Dr.  John  Tillotfon. 

9.  Ifaaci  Barrow  Opufcula,  viz,.  Determinatlones, 
Condones  ad  Clernm,  Orationes,  Pocmata,  &c.  volu- 
men  quartum.  Lond.  1687, 

Dr.  Barrow  left  alfo  feveral  curious  papers  on  mathe- 
fubjedlsj  written  in  his  own  hand,  which  w’cre 


commlinicated’  by  Mi*.-  Jones  to  the  author  of  The 
Lives  of  the  Grelhara  Profelfors,”  a particular  account 
of  which  may  be  feen  in  that  book,  in  the.  Lilc  of 
Barrow. 

Several  of  his  works  have  been  tranflated  into  Englilh, 
and  publifhed  ; as  the  Elements  and  Data  of  Euclid;, 
the  Geometrical  Ledlures,  the  Mathematical  Le6fure.s, 
And  accounts  of  fome  of  them  were  alio  given  in  feveral 
volumes  of  the  FhiloL  I'ranf. 

Dr.  Barrow  mull  ever  be  ellcemed,  in  all  the  fubjedls 
which  exercifed  his  pen,  a perlon  of  the  dearell  per- 
ception-, the  liiiell  fancy,  the  foundell  judgment,  the 
profoundell  thought,  and  the  doreli  and  moll  nervous 
reafoning.  ‘^The  name  of  Dr.  Barrow  (fays  the  learned 
Mr.  Granger}'  will  ever  be  illullrlous  for  a llrength  of 
mind  and  a compafs  of  knowledge  that  did  honour  to 
his  country.  He  was  unrivalled  in  mathematical  learn- 
ing, and  efpecially  in  the  fublime  geometry  7 in  which 
he  has  been  excelled  only  by  his  fuccelTor  Newton.  The 
fame  genius  that  feemed  to  be  born  only  to  bring  hid- 
den truths  to  light,  and  to  rife  to  the  heights  or  defeend 
to  the  depths  of  fcience,  would  fometimes  amufe  itfelf 
in  the  flowery  paths  of  poetry,  and  he  compofed  verfes 
both  in  Greek  and  Latin.  He  at  length  gave  himfelf 
up  entirely  to  divinity  and  particularly  to  the  molt 
ufeful  part  of  it,  that  which,  has  a tendency  to  make 
men  wifer  and  better.” 

Several  good  anecdotes  are  told  of  Barrov/,  as  well 
of  his  great  Integrity,  as  of  his  wit,  and  bold  intrepid 
fpirit  and  llrength  of  body.  Hus  early  attachments  to 
fighting  when  a boy  is  fome  indication  of  the  latter  4 
to  which  may  be  added  the  two  following  anecdotes  ; 
In  his  voyage  between  Leghorn  and  Smyrna  the  Ihi.p 
was  attacked  by  an  Algerine  pirate,  which  after  a flout 
refinance  they  couipelled  to  Iheer  off,  Barrow  keeping 
his  poll  at  the  gun  affigned  him  to  the  lall.  And  when 
Dr.  Pope  in  their  converfatlon  afleed  him,  Why^  he 
did  not  go  down  into  the  hold,  and  leave  the  defence  of 
the  fliip  to  thofe,  to  whom  it  did  belong  ? He  replied, 
It  concerned  no  man  more  than  myfelf:  I would  rather 
have  loll  my  life,  than  to  have  fallen  into  the  hands  of 
thofe  mercilefs  infidels. 

There  is  anotlier  anecdote  told  of  him,  which  fliewed 
not  only  his  intrepidity,  but  an  uncommon  goodnefs  of 
difpofition,  in  clrcumftances  where  an  ordinary  fliare  of 
it  would  have  been  probably  extinguilhed.  Being  once 
on  a vlfit  at  gentleman’s  houfs  im  the  country,  where 
the  necelfary  was  at  the  end  of  a long  garden,  and  con- 
fequently  at  a great  diflar.ee  from  the  room  where  he 
lodged  ; as  he  was  going  to  it  before  day,  for  he  was  a 
very  early  rifer,  a fierce  malllff,  that  ufed  to  be  chained 
up  all  day,  and  let  loofe  at  night  for  the  feeurity  of  the 
houfe,  perceiving  a ftrange  perfon  in  the  garden  at  that 
unufual  time,  fet  upon  him  with  great  fury.  The  doc- 
tor caught  him  by  the  throat,  grappled  with  him,  and,  ,! 
throwing  him  down,  lay  upon  him  : once  he  had  a 
mind  to  kill  him  ; but  he  altered  his  refolution,  on  re- 
eolledling  that  this  would  be  iinjull,  fince  the  dog  did 
only  his  duty,  and  he  himfelf  was  in  fault  for  rambling 
out  of  his  room  before  it  was  light.  At  length  he  called 
out  fo  loud,  that  he  was  heard  by  fome  of  the  family, 
who  came  prefently  out,  and  freed  the  do6lor  and  the 
dog  from  the  danger  they  both  had  been  in. 
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V Among  other  inllances  of  his  wit  and  vivacity,  they 
relate  the  following  rencontre  between  him  and  that 
wicked  wit  lord  Rochefter.  Thefe  two  meeting  one  day 
at  the  court,  while  the  doftor  was  king’s  chaplain  in  or- 
dinary, Rochefter,  thinking  to  banter  him,  with  a flip- 
pant air,  and  a low  formal  bow,.accofl:ed  him  with,  “Doc- 
tor, I am  yours  to  my  fhoe-tie  : ” Barrow  perceiv- 
ing his  drift,  and  determined  upon  defending  himfelf, 
returned  the  falute,  with,  “ My  ford,  I am  yours  to  the 
ground.”  Rocheller,  on  this,  irapi'oving  his  blow, 
quickly  returned  it,  with,  “ Doftor,  I-  am  yours  to  the 
centre  which  W'a&  as  fmartly  followed  up  by  Barrow, 
with,  “ My  lord,  I am  yours  to  the  antipodes-,”  Upon 
which,  Rochefter,  difdaining  be  foiled  by  a mufty  old 
piece  of  divinity^  as  he  ufed  to  call  him,,  exclaimed, 
“ Dodlor,  I ana  yours  to  the  lowefl;  pit  of  hell upon 
which  Barrow,  turning  upon  his'  heel,  with  a farcallic 
fmile,  archly  replied,  “ I’here,  my  loi'd",  I leave  you.” 

BARS,  in  Mufic,  ai'e  the  fpacss  quite  through  any 
compofition,  feparated  by  upright  lines  dra.wn  acrofs  the 
five  horizontal  lines,  each  c£  which  either  contains  the 
fame  number  of  notes  of  the  fame  kind,  orfo  many  other 
notes  as  will  make  up  a like  interval  of  time;  for  all 
the  bars,  in  any  piece,  mull  be  of  the  fame  length,  and 
played  in  the  fame  time. 

BARTER,  or  Truck,  is-  the  exchanging  of  one 
commodity  tor  another  ; and  forms  a rule  in  the  com- 
mercial part  of  arithmetic,  by  which-  the  commodities 
are  properly  calculated  and  equalled,  by  computing  firft 
the  value  of  the  commodity  which-is  given,  and  then  the 
Quantity  of  the  other  which  will  amount  to  the  fame  fum. 

BASE,  Basis,  in  Architefture,  denotes  the  lower 
part  of  a column  or  pedeftriil. 

Base,  in  Geometry,  the  loweft  fide  of  any  figure. 
Any  fide  of  a figure  may  be  confidered  as  its  bafe,  ac- 
cording to  the  pofition  in  which  it  may  be  conceived  as 
ftanding  ; but  commonly  it  Is  underftood  of  the  loweft 
fide  : as  the  bafe  of  a triangle,  of  a cone,  cylinder,.  &c. 

Base  Line,  in  Ferfpe6live,  denotes  the  common  fec- 
tion  of  the  pidlure  and  the  geometrical  plane. 

Base  Ring,  of  a Cannon,  is  the  gTcat-.  ring  next  be- 
hind the  vent  or  touch-hole. 

Base,  alternate.  See  Alternate. 

BASEMENT,  in  Architcdlure,  a continued  bafe, 
extended  a confulerable  length,  as  about  a houfe,  a 
room,  or  other  piece  of  building. 

BASILIC,  In  the  ancient  Architedlure,  was  a large 
hall,  or  court  of  judicature,  wliere  the  magiftrates  fat 
to  adminifter  julllce. 

BASILICA,,  or  Basiligus,  the  fame  as  Regnlue^ 
or  Cor  Leonis,  being  a fixed  liar  of  the  firft  magnitude 
in  the  conftellation  Leo,. 

BASILISK,  in  the  older  Artillery,  was  a large 
piece  of  ordnance  fo  called  from  its  refemblance  to  the 
flippofed  fevpent  of  that  name.  It  threw  an  iron  bail 
of  200  pounds  weight;  and  was.  in  great  repute  in  the 
time  of  Solyman  emperor  of  the  Turks,  in  the  wars  cf 
Hungary  ; but  it  is  now  gTown  out  of  ufe  in  moft  parts 
of  Europe.  Paulus  Jovius  relates  the  terrible  flaughter 
made  In  a Spanifh  fliip  by  a fingls  ball  B’orn  one  of  thefe 
bafilifks  ; after  palling  through  the  beams  and  planks  in, 
the  fliip’s  head,  it  killed  upwards  of  30  men.  And 
Alaffeus  fpeaks  of  bafiliflcs  made  of  brafs,  each  of  which 


required  1 00  yoke^of  oxen  to  draw  them. — More  mo- 
dern writers  alfo  give  the  name  balilifle  to  a much  fmaller 
and  lizeable  piece  of  ordnance,  made  of  15  feet  long  by 
the  Dutch,  but  of  only  10  by  the  French,  aivd  carrying 
a ball  of  48  pounds.  The  largell  fize  of  cannon  now 
ufed  by  the  Englifli,  are  the  32  pounders. 

BASIS,  in  Geometry,  the  fame  as  Base. 

BASS,  the  loweft  in  the  four  parts  of  mufic;  by 
fome  efteemed  the  bafis  and'principal  part  of  all,  and  by" 
others  as  fcarcely  neceflary  in  fome  tunes. 

BASS  AN  TIN  (‘James),  a Scotch  aftronomer  of  the 
16th  century,  born  in  the  reign  of  James  the  4th  of 
Scotland.  He  was  a Ton  of  the  Laird  of  Baflantln  in 
the  Merie.  After  finlfiiing  his  education  at  the  univer- 
fity  of  Glafgow,  he  travelled  through  Germany  and 
Italy,  and  then  fettled  in  the  imiveifity  of  Paris,  where 
he  taught  mathematics  with  great  applaufe.  Having 
acquired  fome  property  in  thl3- employment,  he  returned 
to  Scotland  in  1562,  where  he  died  6 years  after. 

From  his  writings  it  appears  he  was  no  Inconiiderable 
aftronomer,  for  the  age  he  lived  in  ; but,  according  to 
the  fhftilon  of  the  times,  he  was  not  a little  addidled  to 
judicial  aftrology.  It  was  doubtlefs  to  our  author  that 
Sir  James  Melvil  alludes  in  his  Memoirs,  when  he  lays 
that  his  brother  Sir  Robert,  when  he  was  ufincr  his  en- 
deavours  to  reconcile  the  two  queens  Elizabeth  and** 
Mary,  met  with  one  Bafl'antin  am.ari  learned  In  the  hish 
Iciences,  who  told  him,  “that  all  his  travel  would  be  m 
vain  ; tor,  laid  he,  they'  will  never  meet  together;  and 
next,  there  will  never  be  anv  thingr  but  difl'embUnT  and- 
fccret  hatred  for  a while,,  and  at  length  captivity  and 
utter  wreck  to  our  queen  from  England.”  He  added^ 

“ that  the  kingdom  of  Etigland  at  length  fltall  fall,  of 
right,  to  the  crown  of  Scotland  : but  it  fliall  coft  many 
bloody  battles  ; and  the  Spaniards  lhall  be  helpers,  and 
take  a part  to  themfelves  for  their  labour.”  A pre- 
didfion  in  which  Baffantln  partly  guefled  right,  which 
it  is  likely  he  was  enabled  to  do  from  a judicious  con- 
fidcrarion  of  probable  circumftaneea  and  appearaoccs. 

Baflantiii’s  works  are, 

1 . Jljh'onom  'ia  yacoh  'i  Baffariitm  Sreti,  opus  ahfoluipj: 
mum.)  Ifjc ; ter.  edit.  Latine  ti  Cailicc.  Gciiev.  1^99-, 
fob  This  is  the  title  given  it  by  d’ornoefius,  who  trajii- 
lated  it  into  Latin  from  the  ITench,  in  wliidv  language 
it  was  firlt  publilhed. 

2.  Paraphrafe  de  I’  Ajlro! ale,  avec  ime  amplification 
de  Viijage  de  P /Ijlrolahe.  Lyons  1555.  Pans  1617, 

8 VO. 

3.  Mathematica  Genethtiaca,  ^ 

4.  Arithmetic  a. 

5 . Mujica  fecundum  Platonem, 

6.  De  Mathefi  in  Genere. 

BASSOON,  amufical  ihftrument  of  the  wind  kind, 
ferving  for  a bafs  to  the  haut-boy.  It  is  blown  with  a 
reed,  and  furnifhed  with  eleven  holes. 

BASS-VIOL,'  a bafs  to  the  viol. 

BASTION,  in  the  modern  fortification,  ’a  large- 
mafs  of  earth  at  the  -angles  of  a work,  connectinp-  the 
curtains  to  each,  other;  and  an  fivers  to  the  bulwark  of 
the  ancients.  It  is  formed  by  two  faces,  two  flanks, 
and  two  demigorges.  • The  two  faces  form  the  faliant 
angle,  or  angle  of  the  baftion  ; the  two  flanks  form  with 
the.  faces,  the  epaules  or  ihoulders  ; and  the  union  of 

the 


BAT  [ 19S  ] BAT 


l!ie  other  two  ends  of  the  hanks  with  the  curtains 
forms  the  two  angles  of  the  flanks. 


Bastion,  are  tliofe  that  are  entirely  filled  up 
with  earth  to  the  height  of  the  rampart,  without  any 
void  fpace  towards  the  centre. 

J'^oul  or  Hollo-iU  Bastion,  has  the  rampart  and  pa- 
rapet ranging  only  round  the  flanks  and  fpaces,  to  that 
a void  fpace  is  left  within  towards  the  centre,  where 
the  ground  is  fo  low  that  if  the  rampart  be  taken,  no 
retrenchment  can  be  made  in  the  centre,  but  what  will 
lie  under  the  fire  of  the  beficged. 

B.e.g  niar  Bastion,  is  that  which  has  its  due  propor- 
tion of  faces,  flanks,  and  gorges. 

Deformed Qx  Irregular  Bastion,  is  when  tlie  irregu- 
larity of  the  lines  and  angles  throws  the  ballion  out  of 
fhape : as  when  it  wants  one  of  the  demigorges,  one 
fide  of  the  interior  polygon  being  too  ihort,  &c. 

Demi  Bastion,  or  Half  hajltoriy  alfo  otherwife  cal- 
led an  Epaultrenty  has  but  one  face  and  flank. 

Double  Bastion,  is  when  one  baftion  is  raifed  with- 
in, and  upon  the  plane  of  another  ballion. 

Flat  Bastion,  is  one  built  in  the  middle  of  the  cur- 
tain, when  it  is  too  long  to  be  defended  by  the  ufual 
haft  ions  at  the  extremities. 

Bastion,  is  wlien  the  two  fides  of  the 
interior  polygon  are  very  unequal,  which  makes  the 
gorges  aifo  unequal. 

Cut  Bastion,  is  that  which  has  a re-entering  angle 
at  the  point,  and  is  fometimes  called  a Bastion  ^veith  a 
FeruuUey  whofe  Doint  is  cut  off,  inakintr  an  angle  inwards, 
and  two  points  outwards.  This  is  ufed  when  the  fa- 
liant  angle  would  be  too  Iharp,  or  when  water  or  fome 
other  impediment  prevents  it  from  being  carried  out 
to  its  full  extent. 

BAS  rON,  or  Batoon,  in  ikrchiteclure,  a mould- 
ing.in  the  bafe  of  a column,  called  alfo  a Tore  or  Dorns, 

BATTEN,  a name  given  by  workmen  to  a fcantliiig 
or  piece  of  wooden  fluff,  about  an  inch  thick,  and  from 
2 to  4 inches  broad ; of  a confiderable  but  indetermi- 
nate length. 

BATTERING,  the  attacking  a place,  work,  or 
the  like,  with  heavy  artillery, 

Battering-Ram,  a military  engine  ufed  forbeating 
down  walls,  before  the  invention  of  gunpowder  and  the 
modern  artillery.  It  was  no  other  than  a long  heavy 
ijcam  of  timber,  armed  with  an  iron  head,  fomething 
like  the  head  of  a ram.  This  being  puflied  violently 
vfith  conflant  fnccefilve  blows  againft  a wall,  gradually 
^nakes  it  with  a vibratory  motion,  till  the  ftones  are 


disjointed  and  the  wall  falls  down.  There  were  feveral 
kinds  of  the  battering-ram,  the  firft  rude  and  plain, 
which  the  foldiers  carried  in  their  arms  by  main  force, 
and  fo  flruck  the  head  of  it  againft  the  wall.  The  fe- 
cond  was  flung  by  a rope  about  the  middle  to  another 
beam  lying  acrofs  upon  a couple  of  pofls  ; wkich  was 
the  kind  deferibed  by  Jofephus  as  ufed  at  the  fiege  of 
jerufalem.  A third  fort  v/as  covered  over  with  a (hell 
or  fereen  of  boards,  to  defend  the  men  from  the  ftones 
and  darts  of  the  befieged  upon  the  walls,  and  thence 
called  iefiudo  arictaria.  And  Felibien  deferibes  a 
fourth  fort  of  battering-ram,  which  ran  upon  wheels > 
and  was  the  moft  perfedl  and  ertcclual  of  any. 

Vitruvius  affirms,  that  the  battering-ram  was  firft  in- 
vented by  the  Carthaginians,  while  they  laid  fiege  to 
Cadiz  : yet  Pliny  afliires  us,  that  the  ram  was  invented 
or  ufed  at  the  fiege  of  Troy  i and  that  it  was  this  that 
gave  occafion  to  the  fable  of  the  wooden  horie.  In 
fadl  there  can  be  no  doubt  but  that  the  iiie  of  fome 
fort  of  a battering-ram  is  as  old  as  the  art  of  war  itfelf. 
And  it  has  even  been  fiifpedied  that  the  walls  of  Jericho, 
mentioned  in  the  book  of  Jofliua,  were  beaten  down  by 
this  ieftrument,  the  rams  horns  there  mentioned,  by 
means  of  wkich  they'  w^ere  overthrown,  being  no  other 
than  the  horns  of  the  battering-rams.  Pephafmenos, 
a Tyrian,  afterwards  contrived  to  fufpend  it  with  ropes  j 
and  laftly,  Polydus,  the  Theifalian,  mounted  it  on 
v/heels,  at  the  fiege  of  Byzantium,  under  Philip  of 
Macedon. 

Plutarch  relates,  that  Marc  Anthony,  in  tlie  Par- 
thian war,  made  ufe  of  a ram  80  feet  long  : and  Vi- 
truvius affirms  that  tliey  were  fometimes  106,  and  even 
1 20  feet  long  ; which  mull  have  given  an  amazing 
force  to  this  engine.  The  ram  required  1 00  foldiers 
to  work  and  manage  it  at  one  time  ; who  being  ex- 
haufted,  another  century  relieved  them  ; by  which  means 
in  was  kept  playing  continually  without  intermiffion. 
See  fig.  2,  plate  V,  which  reprefents  the  battering-ram 
fufpended  in  its  open  frame  ; in  which  3 denotes  the 
form  of  the  head,  fiiftcned  to  the  enormous  beam  2, 
by  three  or  four  bands  (4)  of  iron,  of  about  four  feet 
in  breadth.  At  the  extremity  of  each  of  thefe  bands 
was  an  iron  chain  (5),  one  end  of  which  wms  faftened 
to  a hook  (6),  and  to  the  laft  link  at  the  other  ex- 
tremity was  firmly  bound  a cable,  which  ran  the  whole 
length  of  the  beam  to  the  end  of  the  ram  7,  where 


y> 

thele  cables  were  bound  all  togetlier  as  fail  as  pcffiblc 
with  fmall  ropes*  To  the  end  of  thefe  cables  was 
faftened  another,  that  confifted  of  feveral  ftrong  cords 
platted  together  to  a certain  length,  and  then  running 
iingle  (8),  at  each  of  which  were  placed  feveral  men, 
to  balance  and  work  the  machine.  lo  Is  the  chain  or 
cable  by  which  the  ram  was  hung  to  the  c.rofs  beam 
( 1 1 ),  fixed  on  the  top  of  the  frame  ; and  12  is  the  bafe  ■ 
of  the  machine. 

The  unfufpended  ram  differed  from  this  only  in  the 
manner  of  working  it;  as  It  moved  on  fmall  wheels 
upon  another  large  beam,  inftcad  of  being  flung  by  a 
chain  or  cable. 

BATTERA,  in  the  Military  Art,  a place  raifed  to 
plant  cannon  upon,  to  play  with  more  advantage  upon 
the  enemy.  It  confifts  of  an  epaulment  or  a breaft- 
work,  of  about  8 feet  high,  and  18  or  20  feet  thick. 

Ill  all  batteries,  the  open  fpaces  through  which  the 
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muzzles  of  the  cannon  are  pointed,  are  called  Emhra- 
fares,  and  the  diftances  between  the  einbrafures,  mer- 
lons. The  guns  are  placed  upon  a platform  of  planks 
Sec,  afeending  a little  from  the  parapet,  to  check  the 
recoil,  and  that  the  gun  may  be  the  eafier  brought 
back  again  to  the  parapet ; they  are  placed  from  12  to 
16  feet  dillant  from  one  another,  that  the  parapet  may 
be  hrong,  and  the  gunners  have  room  to  work. 

Mortar  Batteries  differ  from  the  others,  in  that 
the  dope  of  the  parapet  is  inwards,  and  it  is  without 
enibrafures,  the  fliells  being  fired  quite  over  the  para- 
pet, commonly  at  an  angle  of  45  degrees  elevation. 

Open  Battery,  is  nothing  more  than  a number  of 
cannon,  commonly  field-pieces,  ranged  in  a row  abrealt 
of  one  another,  perhaps  on  fome  fmall  natural  eleva- 
tion of  the  ground,  or  an  artificial  bank  a little  raifed 
for  the  purpofe. 

Covered  or  Majhed  Battery,  is  when  the  cannon 
and  gunners  are  covered  by  a bank  or  bread-work,  com- 
monly made  of  brufh-wood,  faggots,  and  earth,  called 
a fafeine  battery. 

Sunk  or  Buried  Battery,  is  when  its  platform  is 
funk,  or  let  down  into  the  ground,  fo  that  trenches 
mud  be  cut  in  the  earth  oppofite  the  muzzles  of  the 
guns,  to  ferve  as  embrafures  to  fire  through.  This  is 
modly  ufed  on  the  fird  making  of  approaches  in  befieg- 
ing  and  battering  a place. 

Crojs  Batteries,  are  two  batteries  playing  athwart 
each  other  upon  the  fame  objeef,  forming  an  angle 
there,  and  battering  to  more  effedf,  bccaufe  what  one 
battery  (hakes,  the  other  beats  down. 

Battery  d' Enfilade,  is  one  that  fcours  or  fweeps 
the  whole  length  of  a draight  line. 

Battery  en  Echarpe,  Is  one  that  plays  obliquely. 

Battery  de  Rever/e,  or  Murdering  Battery,  is  one 
that  plays  upon  the  enemy’s  back. 

Camerade  or  Joint  Battery,  is  when  feveral  guns 
play  upon  one  place  at  the  fame  time. 

Battery,  in  Electricity,  Is  a combination  of  coated 
furfaces  of  glafs,  commonly  jars,  fo  conneTcd  toge- 
ther that  they  may  be  charged  at  once,  and  difeharged 
by  a common  conductor.  Mr.  Gralath,  a German 
eledtrician,  fird  contrived  to  increafe  the  (liock  by 
charging  feveral  phials  at  the  fame  time. — Dr  Franklin, 
having  analyfed  the  Teyden  phial,  and  foun'd  that  it  lod 
at  one  furface  the  eledtric  fire  received  at  the  other, 
condrudted  a battery  of  eleven  large  panes  of  fafh 
window  glafs,  coated  on  both  fides,  and  fo  connedted 
that  the  whole  mip:ht  be  charged  tosretlier,  and  with 
the  fame  labour  as  one  fingle  pane  ; then  by  bringing 
all  the  giving  Tides  into  contadt  with  one  wire,  and  all 
the  receiving  Tides  with  another,  he  contrived  to  unite 
the  force  of  all  the  plates,  and  to  difcliarge  them  at 
once. — Dr.  Prieftley  deferibes  a ft  ill  more  complete 
battery.  This  confifts  of  64  jars,  each  10  inches  lonsf, 
and  zl  inches  in  diameter,  all  coated  within  an  inch 
and  a half  of  the  top,  forming  in  the  whole  about  32 
fquare  feet  of  coated  furface.  A piece  of  very  fine 
wire  is  twilled  about  the  lower  end  of  the  wire  of  each 
jar,  to  touch  the  Infide  coating  in  feveral  places  ; and 
it  is  put  through  a pretty  lar8;e  piece  of  cork,  within 
the  jar,  to  prevent  anv  part  of  It  from  touching  the 
fide,  b y which  a fpontaneoiis  difeharge  might  be  made. 
Itach  wire  la  turned  round  To  a.s  to  make  a loop  at  the 


upper  end  ; and  through  thefc  loops  pafTes  a pretty 
thick  brafs  rod  with  knobs,  each  rod  fervlng  for  one 
row  of  the  jars  ; and  thefe  rods  are  made  to  communi- 
cate tooetlier  bv  a thick  chain  laid  over  them,  or  as 
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many  of  them  as  may  be  wanted.  The  jars  (land  in  a 
box,  the  bottom  of  which  Is  covered  with  a tin  plate  ; 
and  a bent  wire  touching  tlie  plate  pafTes  tliroiigh  the 
box,  and  appears  on  the  outlide.  To  this  wire  is 
faftened  any  conduiTlor  defigned  to  communicate  with 
the  outfide  of  the  batterv  ; and  the  difeharge  is  made 
by  bringing  the  brafs  knob  to  any  of  the  knobs  of  the 
battei*y.  When  a very  great  force  Is  required,  the  fize 
or  number  of  the  jars  may  be  Incrcaled,  or  two  or  more 
batteries  may  be  ufed. — But  the  largeft  and  moft  pow- 
erful battery  of  all,  is  that  employed  by  Dr.  Van 
Marum,  to  the  amazing  large  eledlrlcal  machine,  lately 
conftrudled  for  Teylei’s  mufeiim  Haarlem.  This 
grand  battery  confifts  of  a great  number  of  jars  coated 
as  above,  to  the  amount  of  about  130  fquare  feet  ; and 
the  effedls  of  It,  which  are  truly  aftonifhing,  are  related 
by  Dr.  Van  Marum  in  his  defeription  of  tills  machine, 
and  of  the  experiments  made  with  it,  at  Haarlem  17B3, 
&c.  See  alfo  Franklin’s  Exper.  and  Obferv.  and 
Prieftlcy’s  Hiftory  of  Eledlricitv. 

BATTLEMENT'S,  in  Archltedlure,  are  notches 
or  Indentures  in  the  top  of  a wall  or  other  building,^ 
like  embrafures,  to  look  through. 

BAY,  in  CTeography,  denotes  a fmall  gulph,  or  aiT 
arm  of  the  Tea  ftretching  up  Into  the  land  ; being 
larger  in  the  middle  within,  than  at  Its  entrance,  w'hich- 
is  called  the  mouth  of  the  bay. 

BxVYKR  (John),  a German  lawyer  and  aftrono- 
mcr  of  the  latter  part  of  the  16th  and  beginning  of 
the  lytb  century,  but  in  what  particular  year  or  place 
he  was  born,  is  not  certainly  known  : hov/ever,  bis 
name  will  be  ever  memorable  in  the  annals  of  aftrono- 
my,  on  account  of  that  great  and  excellent  work 
wliich  he  firft  publilhcd  in  the  year  1603,  under  the 
title  of  Uranonietria,  being  a complete  celeftial  atlas, 
or  large  folio  charts  of  all  the  conftellatlons,.  with  a> 
nomendature  collected  from  aI-1  the  tables  of  aftronomy, 
ancient  and  modern,  with  the  ufeful  invention  of  de- 
noting the  liars  In  eveiy  conftellation  by  the  letters  of 
the  Greek  alphabet.  In  their  order,  and  according  to 
the  order  of  magnitude  of  the  ftars  In  each  conftclla- 
tlon.  By  means  of  thefe  mai  ks,  the  ftars  of  the  hea- 
vens may,  with  as  great  facility,  be  diftinguldied  and 
referred  to,  as  the  feveral  places  of  the  earth  are  by 
means  of  geographical  tables  ; and  as  a proof  of  the 
urefulnefs  of  this  method,  CKir  celeftial  globes  and  at- 
laft'es  have  ever  fince  retained  It ; and  henec  it  Is  become 
of  general  ufe  through  all  the  literary  world  ; aftrono- 
mers,  in  fpeaking  ot  any  ftar  In  the  conftellation,  de- 
noting it  by  faying  it  is  marked  by  Bayer,  a,  or  or 
y,  kc, 

Bayer  lived  many  years  after  the  firft  publication  of 
this  work,  whicli  he  greatly  improved  and  augmented 
by  hisconftant  attention  to  the  ftudy  of  th.e  ftars.  At 
length,  in  the  year  1627,  it  was  republifhed  under  a 
new  title,  viz,  Codum  Stcllntum  Chrtjliamtm,  that  is,  the 
Chrijlian  Stellated  Heaven,  or  the  Starry  Heavens  Chrif- 
tianized : for  in  this  work,  the  heathen  names  and 
charaClers,  or  figures  of  the  conftcdlations,  were  re« 
je<fted,  and  others,  taken  from  the  fcripturcs,  were  iii- 
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fcTied  in  tliei)  ilead,  to  circumfcribe  tlic  refpedlive  con- 
iUlIations,  'I'liis  ^vas  the  projeft  of  one  Julius  Schil- 
ler, a civilian  of  the  fame  place.  But  this  attempt 
Avas  too  great  an  innovation,  to  find  fnccefs,  or  a gene- 
ial  reception,  which  might  occafion  great  confufion. 
And,  we  even  lind  in  the  later  editions  of  this  work, 
that  the  ancient  figures  and  names  were  rcfiored  again ; 
at  lead  fo  I find  them  in  two  editions,  of  the  years 
i65'4,  and  i66i,  which  are  now  before  me. 

BEAD,  in  Architecture,  is  a round  moulding, 
carved  in  fhort  embofl’ments,  like  beads  in  necklaces ; 
and  rcrnetim.es  an  afiragal  is  thus  carved.  There  is  alfo 
a fort  of  plain  bead  often  fet  on  the  edge  of  each 
facia  of  an  architrave  ; as  alfo  fometimes  on  the  lining 
board  of  a door  cafe,  the  upper  edge  of  fieirting  boards, 
See. 

Bead,  in  affaying,  the  fmall  ball  or  mafs  of  pure 
metal  feparated  from  the  fcoria,  and  feen  diilindt  and 
piure  in  the  middle  of  the  coppel  while  in  the  fire. 

BEAM,  in  Architedture,  a large  timber  laid  acrofs 
a building,  into  wdiich  the  principal  rafters  are  framed. 
Several  ingenious  authors  have  confidered  the  force  or 
strength  of  beams,  as  fupporting  their  own  weight  and 
any  other  additional  weight;  particularly  Varignon, 
and  Parent  in  the  Memoir.  Acad.  R.  Scien.  an.  1708, 
and  Mr.  Kmerfon,  on  the  Strength  and  Strefs  of  Tim- 
ber, in  his  Mechanics.  Mr.  Parent  makes  the  propor- 
tion of  the  depth  to  the  breadth  of  a beam  to  be  as  7 
to  5 when  it  is  ilrongefi. 

Beams' c/  ajhlp,  are  the  large,  main,  crofs  timbers, 
Bretcbed  from  fide  to  fide,  to  fupport  the  decks,  and 
keep  the  fides  of  the  iliip  from  falling  together. 

...Beam  of  a balance^  is  the  horizontal  piece  of  wood 
or  iron  fupported  on  a pivot  in  the  middle,  and  at  the 
extremities  of  which  the  two  fcales  are  fufpended, 
for  weiMiin^r  ajw  thine*-, 
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B^Ki^-Compafs , an  inflrument  confifting  of  a wooden 
or  brais  fquare  beam.,  having  hiding  fockets  carrying 
Reel  or  pencil  points ; and  are  ufed  for  deferibing  large 
circles,  the  radii  of  which  are  beyond  the  extent  of  the 
.^■ernmon  compalfes. 

BEAR,  in  Aftronomy,  a name  given  to  two  confiel- 
lations,  called  i\i.e  greater  and  the  UJj'er  hear^  or  Ursa 
major  and  minor.  The  pole  ftar  is  In  the  tail  of  the  lit- 
tle bear,  and  is  within  lefs  than  2 degrees  of  the  north 
pole.  See  Ursa,  major  and  minor ^ 

BEA.P.D,  of  a C omety  the  rays  which  it  emits 
in  the  diredb'on  In  which  it  moves ; as  dlftinguilh- 
ed  from  the  tail,  or  the  rays  emitted  or  left  behind 
it  as  It  moves  along,  being  always  in  a dlredlion  from 
the  fun. 

BEARER,  in  Architedfure,  a poR  or  brick  wall, 
trimmed  up  between  the  two  ends  of  a piece  of  timber, 
to  fliorten  its  bearing,  or  to  prevent  its  bearing  with 
the  whole  weight  at  the  ends  only. 

BEARING,  In  Geography  and  Navigation,  the  fi- 
tuatlon  of  one  place  from  another,  with  regard  to  the 
points  of  the  com.pafs ; or  an  arch  of  the  horizon  be- 
tween the  meridian  of  a place  and  a line  drawn  through 
this  and  another  place,  or  the  angle  formed  by  a line 
.drawn  througli  the  two  places  and  their  meridians.- — ■ 
The  bearings  of  places  on  tire  ground  are  ufually  de- 
ierniined  by  the  magnetic  meedle. 
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B E ATS , in  a Clock  or  Watch,  arc  the  ftrokes  mafic 
by  the  fangs  or  pallets  of  the  ipindle  of  the’  balance  ; 
or  of  the  pads  In  a royal  pendulum.  For  the  number 
and  ufe  of  the  beats,  fee  Derham’s  Artificial  Clock 
Maker,  pa.  14  and  fcq. 

BED,  of  a Great  Gun,  a plank  laid  between  the 
cheeks  of  the  carriage,  on  the  middle  tranfum,  for  the 
breech  of  the  gun  to  reft  upon. 

Bed,  or  Stool,  of  a mortar,  a thick 
planking  on  which  a mortar  is  placed, 
little  to  receive  the  breech  and  trunions. 

BED-MOULDING,  in  Architecture,  a term  ufed 
by  workmen  for  tliofe  members  in  a cornice  which 
are  placed  below  the  coronet,  or  crown.  It  ufually 
confifts  of  thefe  four  members,  an  ogee,  a lift,  a large 
boultine,  and  another  lift  under  the  coronet. 

BELIDOR  (Bernard  Forest  de),  an  engineer 
in  tire  fervice  of  France,  but  born  in  Catalonia  in 
1698.  He  was  profeffor  in  the  new  fchool  of  artillery 
at  ia  Fere,  where  he  publifhed  his  courfe  of  mathe- 
matics for  the  life  of  the  artillery  and  engineers.  Lie 
was  the  firft  who  ferioufiy  confidered  the  quantity  of 
gunpowder  .proper  for  charges,  and  reduced  it  to  2'3ds 
the  quantity.  Pie  was  named  Affociate  in  the  Aca- 
demy of  Sciences  in  I7U>  died  Sept.  8,  1761, 
at  63  years  of  age. 

His  works  that  have  been  publifhed,  are  : 

1.  Sommaire  d’un  Cours  d’Arcliite61:uie  milltaire, 
civile  & hydraulique,  in  1 amo,  1720. 

2.  Nouveau  Cours  de  Matheniatiques,  &c.  in  4to, 
1727. 


3.  La  Science  des  Ingenieurs,  in  410,  T729. 

4.  Le  Bombardier  Phancois,  in  4to,  1734. 

5.  Arciiitedure  Hydraulique,  4 vois.  in  410, 

6.  Dieftionnaire  portatif  de  PIngenieur,  in  8vo. 

7.  Traite  des  Fortifications,  4 vols.  in  4to, 

Befides  feveral  pieces  inferted  in  the  volumes  of  tlie 

Memoirs  of  the  Academy  of  Sciences,  for  the  years 

I737i>  HS3> 

BELLATRIX,  in  Aftronomy,  a rudely,  glitter- 
ing ftar  of  the  2d  magnitude,  in  the  left  ftioulder  of 
Orion.  Its  name  Is  from  the  Latin  helium,  as  belngr  an- 
ciently  fuppofed  to  have  gre^t  influence  in  kindling 
wars,  and  forming  warriors. 

BELTS,  Fafciae,  in  Aftronomy,  two  zon?s  or  gir- 
dles furrounding  the  planet  Jupiter,  brighter  than  the 
reft  of  his  body,  and  terminated  by  parallel  lines. 
They  are  obferved  however  to  be  fometimes  broader 
and  fometimes  narrower,  and  not  always  occupying 
exaftly  the  fame  part  of  the  dife.  ’ Jupiter’s  belts 
were  firft  obferved  and  deferibed  by  Huygens,  in  his 
Syft.  Saturn.  Dark  fpots  have  often  been  obferved  on 
the  belts  of  Jupiter;  and  M.  Caflini  obferved  a per- 
manent one  on  the  northern  fide  of  the  moft  fouthern 
belt,  by  which  he  determined  the  length  of  Jupiter’s 
days,  or  the  time  in  which  the  planet  revolves  upon 
its  axis,  which  is  qh.  56m.  Some  aftronomers  fuppofe' 
that  thefe  belts  are  feas,  wlilcli  alternately  cover  and 
leave  bare  large  trails  of  the  planet’s  furface  : and  that' 
the  fpots  are  gulphs  In  thofe  feas,  which  are  fometimes 
dry,  and  fometimes  full.  But  Azout  conceived  that 
the  fpots  are  protuberances  of  the  bdts;  and  othervS 
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sgRin  sre  of  opinion  that  the  tranfparent  and  moveable 
fpots  are  the  lhadows  of  Jupiter’s  fatellites. 

CaiTini  alfo  fpeaks  of  the  belts  of  Saturn  ; being 
three  dark,  ftraight,  pamllel  bands,  or  fafciay  on  the 
difc  of  that  planet.  But  it  does  not  appear  that  Sa- 
turn’s belts  adhere  to  his  body,  as  thofe  of  Jupiter  do ; 
but  rather  that  they  are  large  dark  rings  furrounding 
the  planet  at  a diftancc.  Some  imagine  that  they  are 
clouds  in  the  atmofphere  of  Saturn;  though  it  would 
feem  that  the  middlemolf  is  the  ihadow  of  his  ring. 

BENDING,  the  reducing  a body  to  a curved  or 
crooked  form.  The  bending  of  boards,  planks.  See, 
is  effected  by  means  of  heat,  whether  by  boiling  or 
ctherwife,  by  which  their  fibres  are  fo  relaxed  that 
they  may  be  bent  into  any  figure.  Bernoulli  has  a 
difeourfe  on  the  bending  of  fprings,  or  claftic  bodies. 
And  Amontons  gives  leveral  experiments  concerning 
the  bending  of  ropes.  The  frldtion  of  a rope  bent 
or  wound  about  an  immoveable  cylinder,  is  fufH- 
cient,  with  a very  fmall  power,  to  fultain  very  great 
weights. 

Berenice’s  Hair;  fee  Coma  Berenices* 

BERKELEY  (George),  the  virtuous  and  learned 
blfhop  of  Cloyne  in  Ireland,  was  born  In  that  king- 
dom, at  Kilcrin,  the  12th  of  March  1684.  After 
receiving  the  firft  part  of  his  education  at  Kilkenny 
fchool,  he  was  admitted  a penfioner  of  Trinity  Col- 
lege, Dublin,  at  1 5 years  old ; and  chofen  fellow  of 
that  college  in  1707. 

The  firft  public  proof  he  gave  of  his  literarj’-  abili- 
ties was,  Arithmetica  ahfque  Algebra  aut  Euclule  demon- 
Jlrata ; which  from  the  preface  It  appears  he  wrote 
before  he  was  20  years  old,  though  he  did  not  publifh 
it  till  1707.  It  is  followed  by  a Mathematical  Mif- 
eellany,  containing  obfervations  and  theorems  inferibed 
to  his  pupil  Samuel  Molineux. 

In  1 709  came  out  the  Theory  of  f^ifion ; which  of 
all  his  works  it  feems  docs  the  greateft  honour  to  his 
iagaclty;  being,  it  lias  been  obfAved,  the  firft  at- 
tempt that  ever  was  made  to  dldingulfh  the  immediate 
nnd  natural  objedls  of  fight,  from  the  conclufions  we 
have  been  accuflomed  from  infancy  to  draw  from 
them.  The  boundary  Is  here  traced  out  between  the 
ideas  of  fight  and  touch  ; and  It  is  fhewn,  that  though 
habit  hath  fo  connedled  thefe  two  claffes  of  ideas  in 
the  mind,  that  they  are  not  without  a ftrong  effort  to 
be  feparated  from  each  other,  yet  originally  they  have 
no  fuch  connexion  ; infomuch,  that  a perfon  born 
blind,  and  fuddenly  made  to  fee,  would  at  firft  be  ut- 
terly unable  to  tell  how  any  objedi  that  affe6ted  his 
fight  wt)uld  affeiff;  his  touch;  and  particularly  would 
not  from  fight  receive  any  Idea  of  diftance,  or  exter- 
nal fpace,  but  w-oiild  Imagine  all  objedls  to  be  In  his 
eye,  or  rather  in  his  mind. 

In  1710  appeared  The  Principles  of  Human  Knonu~ 
ledge;  and  in  iq  Dialogues  hetnueen  Hylas  and  Phi- 
lonous:  the  objedl  of  both  which  pieces  is,  to  prove 
that  the  commonly  received  notion  of  the  exiftence  of 
matter,  Is  falfe ; that  fenfible  material  objeefts,  as  they 
are  called,  are  not  external  to  the  mind,  but  exift  in 
it,  and  are  nothing  more  than  impreftions  made  upon 
it  by  the  Immediate  a6l  of  God,  according  to  certain 
rules  termed  laws  of  nature, 
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Acutenefs  of  parts  and  beauty  of  Imagination  were 
fo  confpicuous  in  Berkeley’s  writings,  that  his  repu- 
tation was  now  eftabll fired,  and-his  company  courted  ; 
men  of  oppolite  parties  concurred  In  recommending 
him.  For  Steele  he  wrote  fever?!  papers  In  the  Guar- 
dian, and  at  his  houfe  became  acquainted  with  Pope, 
with  whom  he  always  lived  In  frlendfhip.  Swift  re- 
commended him  to  the  celebrated  earl  of  Peterborough, 
who  being  appointed  ambaffador  to  the  king  of  Sicily 
and  the  Italian  States,  took  Berkeley  with  him  as 
chaplain  and  fecretary  in  1713,  with  whom  he  return-  . 
-ed  to  England  the  year  following. 

His  hopes  of  preferment  expiring  with  the  fall  of 
queen  Anne’s  miniflry,  he  feme  time  after  embraced 
an  offer  made  him  by  Afire,  bifirop  of  Clogher,  of  ac^ 
companying  his  fon  in  a tour  through  Europe.  In 
this  he  employed  foiir  years  ; and  betides  thofe  places 
which  fall  within  the  grand  tour,  he  vifited  fome  that 
are  lefs  frequented,  and  with  great  Induftry  colledfed 
materials  for  a natural  liiitory  ot  thofe  parts,  hut 
which  were  unfortunately  loft  In  the  paffage  to  Naples. 
He  arrived  at  London  in  1721;  and  being  much  af- 
fected with  the  miferles  of  the  nation,  occafioned  by 
the  Soiith-fea  fcheme  In  1720,  he  publifired  the  fame 
year  An  Tffay  tonuards  prenjenting  the  ruin  of  Great  Bri^ 
tain:  reprinted  In  his  Mifcellancous  Trads. 

His  way  was  now  open  into  the  very  firft  company. 
Pope  Introduced  him  to  lord  Burlington,  by  whom  he 
was  recommended  to  the  duke  of  Grafton,  then  ap- 
pointed lord-lleutcnant  of  Ireland,  who  took  Berkeley 
over  as  one  of  his  chaplains  in  172  r.  The  latter  part 
of  this  year  he  accumulated  the  degrees  of  bachelor 
and  doiftor  in  divinity : and  the  year  following  he  had 
a very  unexpedted  increafe  of  fortune  from  the  death 
of  Mrs.  Vanhomrigh,  the  celebrated  Vaneffa,  to  whom 
he  had  been  introduced  by  Swift : this  lady  had  in- 
tended Swift  for  her  heir;  but  perceiving  herfelf  to 
be  (lighted  by  him,  file  left  her  fortune,  of  8000I,  be- 
tween her  two  executors,  of  whom  Berkeley  was  one. 
In  1724  he  was  promoted  to  the  deaneiy  of  Derry, 
worth  I lOcl,  a year. 

In  172^  publlfiied,  and  it  has  fince  been  reprint- 
ed in  his  Mifcellancous  Trails,  A Propofal for  convert'- 
ing  the  favage  Americans  to  Chrijlianity^  hy  a college  to 
he  ereTted  in  the  Summer  JJleSy  othernvife  called  the  IJles  of 
Bermuda.  The  propofal  was  well  received,  at  lead  by 
the  king  ; and  he  obtained  a charter  for  founding  the 
college,  with  a parliamentary  grant  of  20,ocol,  to- 
ward carrying  it  into  execution  : but  he  could  never 
get  the  money.  It  being  otherwife  employed  by'  the 
minifter;  fo  that  after  two  years  ftay  in  America  on 
this  bufinefs,  he  was  obliged  to  return,  and  the  fcheme 
dropped. 

In  T732  he  publlfiied  The  Minute  Phihfophtry  in  2 
volumes  8vo,  againft  Freethinkers.  In  1733 
made  blfhop  of  Cloyne ; and  might  have  been  remov- 
ed In  1745?  by^  lord  Chefterfield,  to  Clogher;  but  de- 
clined it.  He  refided  conftantly  at  Cloyuie,  v»'hcre  he* 
faithfully  difeharged  all  the  offices  of  a good  bifiiopy' 
yet  continued  his  ftudles  with  unabated  attention. 

About  this  time  he  engaged  in  a controverfy  with  ' 
the  mathematicians,  whicli  made  a good  deal  of  noife' 
in  the  literary  w'orld  ; and  the  occafion  of  it  was  this  P 
1)  d Addifoa 
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Addifon  h;id  given  the  bifhop  an  account  of  the  beha- 
viour of  their  common  friend  Dr.  Garth  in  his  lafb 
illnefs,  u^hich  was  equally  unpleafing  to  both  thefe  ad- 
vocates of  revealed  religion.  For  when  Addilon  went 
to  fee  the  doctor,  and  began  to  difcourfe  with  him  fe- 
rioully  about  another  world,  “ Surely,  Addilon,  replied 
he,  I have  good  reafon  not  to  believe  thofe  trifles, 
fince  my  friend  Dr,  Halley,  who  has  dealt  fo  much  in 
demonflration,  has  afiiired  me,  that  the  doftrines  of 
chriilianity  are  incomprehenlible,  and  the  religion  it- 
felf  an  impofture.’’  The  bifliop  therefore  took  up 
arms  againil  Halley,  and  addreffed  to  him,  as  to  an 
Infidel  Mathematician,  a difcourfe  called  The  Amlyjl  \ 
with  a view  of  Ihewing  that  myfteries  in  faith  were  un- 
jiflfly  objedled  to  by  mathematicians,  who  he  thought 
admitted  much  greater  myfteries,  and  even  falihoods 
in  fcience,  of  which  he  endeavoured  to  prove  that  the 
(lodtrine  of  Fluxions  furnifhed  a clear  example.  This  . 
attack  gave  occafion  to  RohhAs  Difcourfe  concerning 
the  Method  of  Fluxions,  to  Maclaurin’s  Fluxions,  and 
to  other  fmaller  works  upon  the  fame  fubjedf  ; but  the 
diredf  anfwers  to  The  Analyjf  were  made  by  a perfon 
under  the  name  of  Philalethes  Cantabrigienfis,  but 
Gomm.only  fuppofed  to  be  Dr.  Jurin,  whofe  firft  piece 
was.  Geometry  no  Friend  to  Infidelity,  1734. 
the  bifhop  replied  in  A Defence  of  Freethinking  in  Ma~ 
thematlcs ; nuith  an  Appendix  concerning  Mi\  Walton^ s 
Vindication,  1735;  which  drew  a fecond  anfwer  the 
fame  year  from  Philalethes,  under  the  title  of  The 
Minute  Mathematician,  or  the  Freethinker  no  jufi  Thinker, 
1735’,  Other  writings  in  this  controverfy,  beiide 
thofe  before  mentioned,  were 

1.  A Vindication  of  Newton’s  Principles  of  Fluxions 
againft  the  objedlions  contained  in  the  Analyft,  by  J. 
Walton,  Dublin,  1735. 

2.  The  Catechifm  of  the  Author  of  the  Minute 
Philofopher  fully  anfwered,  by  J.'  Walton,  Dublin, 

3.  Reafons  for  not  replying  to  Mr.  Walton’s  Full 
Anfwer,  in  a letter  to  P.  T.  P.  by  the  author  of  the 
Minute  Philofopher,  Dublin,  1735. 

4.  An  IntroduClioii  to  the  Dodlrlne  of  Fluxions, 
and  Defence  of  the  Mathematicians  againil  the  objec- 
tions of  the  author  of  the  Analyft,  &c.  Lond.  1736. 

3.  Anew  Treatlfe  of  Fluxions;  with  anfwers  to 
the  principal  objedtions  in  the  Analyft,  by  James 
Smith,  A.  M.  Lond.  1737. 

6.  Mr.  Robins’s  Difcourfe  of  Newton’s  Methods  of 
Fluxions,  and  of  Prime  and  Ultimate  Ratios,  1735. 

7.  Mr.  Robins’s  Account  of  the  preceding  Difcourfe, 
in  the  Repub.  of  Letters,  for  Odlober  1735. 

8.  Philalethes’s  Confiderations  upon  fome  paflages 
contained  In  two  letters  to  the  author  of  the  Ana- 
Jyft  &c,  in  Repub.  of  Letters,  Novemb.  1735. 

9.  Mr.  Robins’s  Review  of  fome  of  the  principal 
objedlions  that  have  been  made  to  the  doeftrine  of 
Fluxions  &:c.  Repub.  of  Letters  for  Decern.  1733. 

10.  Philalethes’s  Reply  to  ditto,  in  the  Repub. 
of  Letters,  Jan.  1736. 

1 1 . Mr.  Robins’s  Dlflertation,  Ihewing  that  the  ac- 
count of  the  dodlrlnes  of  Fluxions  &c,  is  agreeable  to 
the  real  fenfe  and  meaning  of  their  great  Inventor, 
Repub.  of  Letters^  April  1736# 


12.  Philalethes’s  Confiderations  upon  ditto,  in  Re-» 
pub.  of  Letters,  July  1736. 

13.  Mr.  Robins’s  Remarks  on  ditto,  in  Repub.  of 
Letters,  Aug.  1736. 

14.  Mr.  Robins’s  Remainder  of  ditto,  in  an  Appen- 
dix to  the  Repub.  of  Letters,  Sept.  1736. 

13.  Philalethes’s  Obfervations  upon  ditto,  in  an 
Appendix  to  the  Repub.  of  Letters,  Nov.  1736. 

16.  Mr.  Robins’s  Advertifement  in  Repub,  of  Let- 
ters, Decemb.  1736. 

17.  Philalethes’s  Reply  to  ditto,  in  an  Appendix  to 
the  Repub.  of  Letters  for  Decern.  1736. 

18.  Some  Obfervations  on  the  Appendix  to  the  Re- 
pub. of  Letters  for  Decern.  1736,  by  Dr.  Pemberton,, 
in  the  Works  of  the  Learned  for  Feb.  1737.  With 
fome  fmaller  pieces  in  the  fame. 

In  1736  bifhop  Berkeley  publifhcd  The  ^lerifi,  a 
difcourfe  addreffed  to  magiftrates,  occafioiied  by  the 
enormous  licence  and  irreligion  of  the  times;’’  and 
many  other  things  afterward  of  a fmaller  kind.  In 
1744  came  out  his  celebrated  and  curious  book, 
“ Siris ; a Chain  of  Philofophical  Reflections  and  In- 
quiries concerning  the  virtues  of  Tar-water.”  It  had 
a fecond  Impreflion,  with  additions  and  emendationsj^ 
in  1747;  and  was  followed  by  Farther  Thoughts  on 
Tar-nvater,  in  1 7 32.  In  July  the  fame  year  he  removed, 
with  his  lady  and  family,  to  Oxford,  partly  to  fuper- 
intend  the  education  of  a fon,  but  chiefly  to  Indulge 
the  pallion  for  learned  retirement,  which  had  always 
ftrongly  poflfefied  him.  He  would  have  refigned  lils^ 
bifhopnek  for  a canonry  or  headfliip  at  Oxford ; but  it 
was  not  permitted  him.  Here  he  lived  highly  refpedled, 
and  colledled  and  printed  the  fame  year  all  his  fmaller 
pieces  in  8vo.  But  this  happinefs  did  not  long  conti- 
nue, being  fuddenly  cut  off  by  a palfy  of  the  heart 
Jan.  14,  1753,  in  the  69th  year  of  his  age,  while 
lifteniiTg  to  a fermon  that  his  lady  was  reading  to  him. 

The  excellence  of  Berkeley’s  moral  charadler  Is  con- 
fpicuous  in  hi,s  writings  : he  was  certainly  a very  amiable 
as  well  as  a very  great  man  ; and  it  Is  thought  that  Pope 
fcarcely  faid  too  much,  when  he  aferibed 

To  Berkeley  every  virtue  under  heaven. 

BERME,  in  Fortification,  a fmall  fpace  ofgroimd^, 
4 or  5 feet  wide,  left  without  the  rampart,  between  it 
and  the  fide  of  the  moat,  to  receive  the  earth  that  rolls 
down  from  the  rampart,  and  prevent  its  falling  into  the 
ditch  and  filling  it  up, — Sometimes,  for  greater  fecu- 
rity,  the  berme  is  pallifadoed. 

BERNARD  (Dr.  Edwaro),  a learned aflronomer, 
critic  and  linguift,  was  born  at  Perry  St.  Paql,  near 
Towcefter,  the  2d  of  May  1638,  and  educated  at  Mer- 
chant-Taylor’s  fchool,  and  at  St.  John’s  college  Oxford®. 
Having  laid  In  a good  fund  of  claflical  learning  at  fchool,, 
in  the  Greek  and  Latin  languages,  he  applied  himfelf 
very  diligently  at  the  univerfity  to  the  ftudy  of  hiftory,, 
the  eaftern  languages,  and  mathematics  under  the  cele- 
brated Dr.  Wallis.  In  1668  he  went  to  Leyden  ta 
confult  fome  Oriental  manuferipts  left  to  that  univerfity' 
by  Jofeph  Scaliger  and  Levin  Warner,  and  efpecially 
the  5th,  6th,  and  7 th  books  of  Apollonius’s  Conics,  the 
Greek  text  of  which  is  loft,  and  this  Arabic  verfion 
having  been  brought  front  the  eaft  by  the  celebrated 
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Goliiis,  a tranfcript  of  which  was  thence  taken  by  Ber- 
nard, and  brought  with  him  to  Oxford,  with  intent  to 
publiih  it  there  with  a Latin  tranflation  ; but  he  was 
obliged  to  diop  that  defign  for  want  of  encouragement. 
This  however  was  afterwards  carried  into  effect  by  Dr. 
Halley  in  1710,  with  the  addition  of  the  8th  book, 
which  he  fupplledby  his  own  ingenuity  and  Induftry. 

At  his  return  to  Oxford,  Bernard  examined  and  col- 
lated the  moil  valuable  manuferipts  in  the  Bodleian  li- 
brary. In  1669,  the  celebrated  Chriilopher  Wi-en, 
Savllian  profefl'or  of  afti'onomy  at  Oxford,  having  been 
appointed  furveyor-general  of  his  majefty’s  woiLs,  and 
being  much  detained  at  London  by  this  employment, 
obtained  leave  to  name  a deputy  at  Oxford,  and  pitched 
upon  hlr.  Beraard,  which  engaged  the  latter  in  a more 
particular  application  to  the  itudy  of  allronomy.  But 
in  1673  he  was  appointed  to  the  profefforfhip  himfelf, 
which  Wren  was  obliged  to  refign,  as,  by  the  ilatiites 
of  the  founder.  Sir  Henry  Saville,  the  pr'ofeffors  are  not 
allowed  to  hold  any  other  office  either  ecclefialtlcal  or 
civil. 

About  this  time  a fcheme  was  fet  on  foot  at  Oxford, 
ofcolle<5tlng  and  publiffiing  the  ancient  mathematicians. 
Mr.  Bernard,  wdro  had  llrd  formed  the  projeSt,  collected 
all  the  old  books  publifhed  on  that  fubjc6l  fince  the  in- 
vention of  planting,  and  all  the  manuferipts  he  could 
difeover  in  the  Bodleian  and  Savilian  libraries,  which  he 
ai-i*angcd  in  order  of  time,  and  according  to  the  matter 
they  contained  ; of  this  he  drew  up  a fynopfis  or  view; 
and  as  a fpecimen  he  publiflied  a few  (beets  of  Euclid, 
containing  the  Greek  text,  and  a Latin  verfion,  with 
Proclus^s  commentary  in  Greek  and  Latin,  and  learned 
fcholia  and  coi'ollai  ies.  The  fynopfis  itfelf  was  publlfiied 
by  Dr.  Smith,  at  the  end  of  his  life  of  our  author,  under 
the  title  of  V tteriim  Mathematicorum  Gracorum^  Latino- 
rum^  et  JJrabum^  Synopfis.  And  at  the  end  of  it  there  is 
a catalogue  of  fome  Greek  writers,  whole  works  are  fup- 
pofed  to  be  loft  in  their  own  language,  but  are  preferred 
in  the  Syriac  or  Arabic  tranflations  of  them. 

Mr.  Bernard  undertook  alfoan  edition  of  the  Parva 
Syntaxis  yllexandrina ; in  which,  befides  Euclid,  are 
contained  the  fmall  treatifes  of  Theodofius,  Menelaus, 
Aiiftarchus,  and  Hipficles  ; but  it  never  was  publifhed. 

In  1676  he  was  fent  to  France,  as  tutor  to  the  dukes 
of  Grafton  and  Northumberland,  fons  to  king  Charles 
the  2d  by  tlie  dutchefs  of  Cleveland,  who  then  lived  with 
their  mother  at  Paris  : but  the  fimplicity  of  Ills  man- 
ners not  fuiting  the  gaiety  of  the  dutchefs’s  family,  he 
returned  about  a year  after  to  Oxford,  and  purfued  his 
ftiidies  ; in  which  he  made  great  proficiency,  as  appears 
by  his  many  learned  and  critical  works.  In  1691,  be- 
ing prefentedto  the  reclory  of  Brightwellin  Berkfhire, 
he  quitted  his  profefforfhip  at  Oxford,  in  which  he  was 
fuccceded  by  David  Gregory,  profefforof  mathematics 
at  Edinburgh. 

Toward  the  latter  end  of  his  life  he  was  much  afflidted 
with  the  ftoiie ; yet  notwithftanding  this,  and  other 
infirmities,  he  undertook  a voyage  to  Holland,  to  attend 
the  fale  of-Gollus^s  mamilcripts,  as  he  had  once  before 
done  at  the  fale  of  Ileinfius^s  library.  On  his  return  to 
England,  he  fell  into  a langulftiing  confumption,  which 
put  an  end  to  his  life  the  12th  of  January  1696,  in  the 
58th  year  of  his  age. 

Befide  the  works  of  his  before  mentioned,  he  was 


author  of  many  other  compofitions.  He  compofed  ta- 
bles of  the  longitudes,  latitudes,  right-afeenfion.'t,  &c, 
of  the  fixed  ftars : he  wTote  Obfervations  on  the  Ob- 
liquity of  the  Ecliptic  ; and  other  pieces  inferted  in  the 
Philofophical  Tranfadlions.  He  vvTotealfo, 

1 . A Treatlfe  of  the  Ancient  Weights  and  Meafures, 

2.  Chronclogice  Samaritance  Syiwpfis,  in  two  tables. 

3.  Pefi monies  of  tbs  Ancients  concerning  the  Grech 
Verfon  of  the  Old  Tefiamsnt  by  the  Seventy, 

And  feveral  other  learned  works.  Befides  a great 
number  of  valuable  manuferipts  left  at  his  death. 

BEPwNxARD  (Dr.  James),  profeffor  of  philofophy 
and  mathematics,  and  miniftcr  of  the  Walloon  church 
at  Leyden,  was  born  September  the  ift  1658,  at  Nlons 
in  Dauphine.  Having  fludied  at  Geneva,  he  returned 
to  France  in  .1 679,  and  was  chofen  minifter  of  Venterol, 
a village  in  Dauphine  ; but  fome  rime  after  he  was  re- 
moved to  the  church  of  Vinfobres  in  the  fame  province. 
To  avoid  the  perfecutions  againll  the  proteftants  in 
France,  Ijc  went  into  Flolland,  where  he  was  appointed 
one  of  the  penfionary  minifters  of  Ganda.  He  here 
publifhed  feveral  political  and  hillorical  works.  And  in 
1699  began  the  Nouvellcs  de  la  Republique  des  Lettresy 
which  continued  till  December  1710.  In  1705  he  was 
chofen  minifter  of  the  Walloon  church  at  Leyden  ; and 
about  the  fame  time,  Mr.  de  Voider,  profeflbr  of  phi- 
lofophy and  matheniatlcs  at  Leyden,  having  refigned, 
hlr.  Bernard  was  appointed  his  fucceffor  ; upon  which 
occafion  the  univetfity  alfo  prefented  him  with  the  de- 
grees of  dodlor  of  philofophy  and  mailer  of  arts.  In 
1716  he  publifhed  a fupplement  to  Moreri’s  didlionaiy 
in  2 volumes  folio.  The  fame  year  he  refumed  his  Noti- 
velles  de  la  Republique  des  I.ettres  ; which  he  continued 
till  his  death,  which  happened  the  27th  of  April  1718, 
• in  the  60th  y'ear  of  his  age. 

BERNOULLI  (Jamf-s),  a celebrated  mathemati- 
cian, born  at  Bafil  the  27th  of  December  1654.  Hav- 
ing taken  his  degrees  in  that  univerfity,  he  applied 
himfelf  to  divinity  at  the  entreaties  of  his  father,  but 
againft  his  own  inclination,  which  led  him  to  aftronomy 
and  mathematics.  He  gave  very  early  proofs  of  hii 
genius  for  tliefe  fciences,  and  foon  became  a geometri- 
cian, without  a preceptor,  and  almoft  without  books ; 
for  if  one  by  chance  fell  into  his  hands,  he  was  obliged 
to  conceal  it,  to  avoid  the  difplcafiire  of  his  father,  who 
defigned  him  for  other  ftudies.  This  fituation  induced 
him  to  choofe  for  his  device.  Phaeton  driving  the  cha- 
riot of  tlie  fun,  with  thefe  words.  Invito  patre  fulera 
verfoy  “ I traverfe  the  ftars  againft;  my  father’s  will;’* 
alluding  particularly  to  aftronomy,  to  which  he  then 
chiefly  applied  himfelf. 

In  1676  he  began  his  travels.  W^hen  he  was  at  Ge- 
neva, he  fell  upon  a method  to  teach  a young  girl  to 
write  who  had  been  blind  from  two  months  old.  At 
Bourdeaux  he  compofed  univerfal  gnomonlc  tables  ; but 
they  were  never  publifhed.  He  returned  from  France 
to  his  own  country  in  1680.  About  this  time  there 
appeared  a comet,  the  return  of  which  he  foretold  ; and 
wrote  a fmall  treatife  upon  it.  Soon  after  this  he  went 
into  Holland,  where  lie  applied  himfelf  to  the  ftiidy  of 
the  new  philofophy.  Having  vifited  Flanders  and  Bra- 
bant, he  palled  over  to  England  ; where  he  formed  an 
acquaintance  with  the  moil  eminent  men  in  the  fciences, 
and  was  frequent  at  their  philofophical  meetings.  He 
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returned  to  his  native  country  in.  1682  ; and  exhibited 
at  Bahl  a courfe  of  experiments  in  natural  philofophy 
and  mechanics,  which  confifted  of  a variety  of  new  dif- 
coveries.  The  fame  year  he  publidied  his  Effay  011  a 
new  Syfliem  of  Comets  ; and  the  year  following,  his 
DilTertation  on  the  weight  of  cite  air.  About  this  time 
Leibnitz  having  publifned,  in  the  A6la  Eruditorurn  at 
Lelpfic,  fome  elfays  on  his  new  Calculus  Diff’erentialis^ 
but  concealing  the  art  and  method  of  it,  Mr.  Bernoulli 
and  his  brother  John  difeovered,  by  the  little  which 
they  faw,  the  beauty  and  extent  of  it:  this  induced 
them  to  endeavour  to  unravel  the'’fecret;  which  they 
did  with  fuch  fuccels,  that  Leibnitz  declared  that  the 
invention  belonged  to  them  as  much  :is  tohimfelf. 

In  1687  James  Bernoulli  fucceeded  to  the  profeffor- 
/liip  of  mathema,tics  at  Bafil ; a trull  which  he  difeharged 
with  great  applaufe ; and  his  reputation  drew  a great 
number  of  foreigners  from  all  parts  to  attend  his  lec- 
tures. In  1699  he  was  admitted  a foreign  member  of 
the  Academy  of  Sciences  of  Paris;  and  in  1701  the 
fame  honour  was  conferred  upon  him  by  the  Academy 
of  Berlin : in  both  of  which  he  publilhed  feveral  inge- 
nious compofitions,  about  the  years  1702,  3,  and  4. 
He  wrote  alfo  feveral  pieces  in  the  Acla  Kruclitorum  of 
Leiplic,  and  in  the  yournal  des  S^'avans,  His  intenfe 
application  to  lludy  brought  upon  him  the  gout,  and 
by  degrees  a flow  fever,  which  put  a period  to  his  life 
the  1 6th  of  Auguft  i7'Q5,.inthe  5 ill  year  of  his  age.— 
Archimedes  having  found  out  the  proportion  of  a fpliere 
and  its  circumferibing  cylinder,  ordered  them  to  be  en- 
graven on  his  monument:  In  imitation  of  him,  Ber- 
noulli appointed  that  a logarithmic  fpiral  curve  fhould 
be  inferibed  on  his  tomb,  with  thefe  words,  Eadem 
mutata  refurgo  ; in  allulion  to  the  hopes  of  the  refur- 
redlion,  which  are  in  fome  meafure  reprefented  by  the 
properties  of  that  curve,  which  he  had  the  honour  of 
tiifeovering.  \ 

James  Bernoulli  had  an  excellent  genius  for  invention 
and  elegant  limplicity,  as  well  as  a clofe  application. 
He  was  eminently  drilled  in  all  the  branches  of  the  ma- 
thematics, 'and  contributed  much  to  the  promoting  the 
new  analyfis,  inhnite  feries,  &g.  He  carried  to  a great 
height  the  theory  of  the  quadrature  of  the  parabola; 
the  geometry  of  curve  lines,  of  fpirals,  of  cycloids  and 
epicycloids. 

His  works,  that  had  been  publifned,  were  tolledled, 
and  printed  in  2 volumes  qto,  at  Geneva  in  1744. 
the  time  of  his  death  he  was  occupied  on  a great  work 
entitled  De  ArieConje^tandiy  which  was  publilhed  in  4to, 
in  1713.  It  contains  one  of  the  bed.  and  mod  elegant 
imroduflior.s  to  Infinite  Series,  &c.  This  podhumous 
work  is  omitted  in  the  colledlion  of  his  works  above 
mentioned. 

BERNOULLI  (John),  the  brother  of  James, 
lad  mentioned,  and  a celebrated  mathematician,  was 
born  at  Bafil  the  7th  of  Augud  1667,  His  father  in- 
tended him  for  trade  ; but  his  own  inclination  was  at 
iird  for  the  Belles-Lettres,  vjiich  however,  like  his 
brother,  he  left  for  mathematics.  He  laboured  with 
his  brother  to  difeover  the  method  ufed  by  Leibnitz, 
in  his  edays  on  the  Differential  Calculus,  and  gave  the 
hrd  principles  of  the  Integral  Calculus.  Our  author, 
with  Meffieurs  Huygens  and  Leibnitz,  was  the  fird 
who  gave  the  folution,  of  the  problem  propofed  by  James 


Bernoulli,  coucerning  the  catenary,  or  ciirre  formed  by 
a chain  fafpended  by  its  two  extremities. 

John  Bernoulli  had  the  degree  of  doclor  of  phyfic 
at  Bafil,  and  two  years  afterward  was  named  proledbr 
of  mathematics  in  the  univerfity  of  Groningen.  It 
was  here  that  he  difeovered  the  mercurial  phofphorus  or 
luminous  barometer  ; and  where  he  refolved  the  problem 
propofed  by  his  brother  concerning  Ifoperimetricals^ 

On  the  death  of  his  brother  James,  the  profeffor  at 
Bafil,  our  author  returned  to  his  native  country,  againd 
the  prefling  invitations  of  the  magidrates  of  Utrecht 
to  come  to  that  city,  and  of  the  univerfity  of  Groningen, 
who  widred  to  retain  him.  The  Academic  Senate  of  Bafil 
foon  appointed  him  to  fucceed  his  brother,  without  af- 
fembling  competitoi s,  "and  contrary  to  the  edablilhed 
pradlice  : an  appointment  which  be  held  during  his 
whole  life. 

In  1 7 14  was  publilhed  his“  treatife  on  the  manage- 
ment of  fhips ; and  in  1730,  his  memoir  on  the  ellip- 
tical figure  of  the  planets  gained  the  prize  of  the  AlCU- 
derny  of  Sciences.  The  fame  academy  alfo  divided  the 
prize,  for  their  quedion  concerning  the  inclination  of 
the  planetary  orbits,  between  our  author  and  his  font. 
Daniel. 

John  Bernoulli  was  a member  of  mod  of  the  acade- 
mies of  Europe,  and  received  as  a foreign  affociate  of 
that  of  Paris  in  1699.  After  a long  life  fpent  in  Cen- 
dant diidy  and  improvement  of  all  the  branches  of  the 
mathematics,  he  died  full  of  honours  the  id  of  January 
1 748,  in  the  8 ill  year  of  his  age.  Of  five  fons  which  he 
had,  three  purfued  the  fame  fciences  with  himfelf.  One 
of  thefe  died  before  him  ; the  two  others,  Nicolas  and 
Daniel,  he  lived  to  fee  become  eminent  and  much  re- 
fpedled  in  the  fame  fciences. 

The  writings  of  this  great  man  were  difperfed 
through  the  periodical  memoirs  of  feveral  academies,  as. 
well  as  in  many  feparate  treatifes.  And  the  whole  of 
them  were  carefully  c^lledled  and  publilhed  at  Laufanne 
and  Geneva,  1742,  in  4 volumes,  4to. 

BERNOULLI  (Daniel),  a "celebrated  phyficiaR* 
and  philofopher,  and  Ion  of  John  Bernoulli  lad  mention- 
ed, was  born  at  Groningen  Feb.  the  9th,  1700,  wh^re 
his  father  was  then  profeffor  of  mathematics.  He  was. 
intended  by  his  father  for  trade,  but  his  genius  led  hint 
to  other  purfuits..  He  paffed  fome  time  in  Italy  ; and 
at  24  yearaof  age  he  declined  the  honour  offered  hint 
of  becoming  prelident  of  an  academy  intended  to  have 
been  edablilhed  at  Genoa.  He  fpent  feveral  years  witb 
great  credit  at  Peterlburgh ; and  in  1733  returned  to 
Bafil,  where  his  father  was  then  profeffor  of  mathema- 
tics ; and  here  our  author  fucceflively  filled  the  chair  of 
phyfiC,  of  natural  and  of  fpeculative  philofopliy. 

In  his  work  Exercitationes  Mathematics y 1724,  he 
took  the  only  title  he  then  had,  viz,  ‘‘  Son  of  Johm 
Bernoulli/'  and  never  would  fuffer  any  other  to  be  added 
to  it.  This  work  was  publilhed  in  Italy,  while  he  was. 
there  on  his  travels ; and  it  claffed  him  in  the  rank  of 
inventors.  In  his  work,  Hydrodynamicay  publilhed  in.- 
4 to  at  Argentoratum  or  Stralbourg,.  In  1738,  to  the 
fame  title  was  alfo  added  that  of  Med*.  Prof.  Bafil, 

Daniel  Bernoulli  wrote  a multitude  of  other  pieces, 
which  have  been  publilhed  in  the  Mem,  Acad,  of  Sci- 
ences at  Paris,  and  in  thofe  of  other  Academies.  He 
gained  and  divided  ten  prizes  from  the  Academy  of 
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Sciences,  which  were  contended  for  by  the  mofl;  illiiftrl- 
oiis  mathematicians  in  Europe.  The  only  peifon  who 
has  had  fimilar  fuccefs  of  the  fame  kind,  is  Euler,  bis 
countryman,  difciple,  rival,  and  fiiend.  His  firll  prize 
he  gained  at  24  years  of  age.  In  1 734  he  divided  one 
with  his  father  ; which  hurt  the  family  union  ; for  the 
father  coniidered  the  contefl  itfelf  as  a want  of  refpeft; 
and  the  fon  did  not  fufficiently  conceal  that  he  thought 
(what  was  really  the.cafe)  his  own  piece  better  than  his 
father’s.  And  befides,  he  declared  for  Newton,  againft 
whom  his  father  had  contended  all  his  life.  In  1 740  our 
audnor  divided  the  prize,  “ On  the  Tides  of  the  Sea,” 
with  Euler  and  Maclaurin.  The  Academy  at  the  fame 
time  crowned  a fourth  piece,  whofe  chief  merit  was 
that  of  being  Carte  Han  ; but  this  was  the  laft  public- 
act  of  adoration  paid  by  the  Academy  to  the  authority 
of  the  author  of  the  Vortices,  which  it  had  obeyed 
but  too  long.  In  174B  Daniel  Bernoulli  fucceeded  his 
father  John  in  the  Academy  of  Sciences,  wEo  had  fuc- 
ceeded his  brother  James;  this  place,  fince  its  firll 
ercdlion  in  1699,  having  never  been  without  a Bernoulli 
to  fill  it. 

Our  author  w^as  extremely  rcfpefted  at  Bafil ; and 
to  bow  to  Daniel  Bernoulli,  when  thev  met  him  in  the 
flreets,  was  one  of  the  firll  left'ons  which  every  father 
gave  every  child.  He  was  a man  of  great  fimplicity 
and  modefty  of  manners.  He  ufed  to  tell  two  little 
adventures,  which  he  faid  had  given  him  more  plea- 
fure  than  all  the  other  honours  he  had  received.  Tra- 
velling with  a learned  llranger,  who,  being  pleafed 
with  his  converiation,  aflted  his  name;  “ I am  Daniel 
Bernoulli,”  anfwered  he  with  great  modelly  ; “ And 
I,”  faid  the  llranger  (who  thought  he  meant  to  laugh 
at  him),  “ am  Ifaac  Newton.”  Another  time  having 
to  dinner  with  him  the  celebrated  Koenig  the  mathe- 
matician, who  boalled,  with  fome  degree  of  felf-com- 
placeucy,  of  a difficult  problem  he  had  refolved  wuth 
much  trouble,  Bernoulli  went  on  doing  the  honours 
of  his  table,  and  when  they  went  to  drink  coffee  he 
prefented  Koenig  with  a folution  of  the  problern  more 
elegant  than  his  own. 

After  a long,  ufeful,  and  honourable  life,  Daniel 
Bernoulli  died  the  17th  of  March  17B2,  in  the  83d 
year  of  his  age. 

BETELGEUSE,  a fixed  liar  of  the  firft  magni- 
tude in  the  right  ffioulder  of  Orion. 

'BEZOUT  (Stephen),  a celebrated  French  mathe- 
matician, Member  of  the  Academies  of  Sciences  and 
the  Marine,  and  Examiner  of  the  Guards  of  the  Ma- 
rine and  of  the  Eleves  of  Artillery,  was  born  at  Nemours 
the  3111  of  March  1730.  In  the  courfe  of  his  Bu- 
llies he  met  with  fome  books  of  geometry,  which  gave 
him  a tallc  for  that  fcience  ; and  the  Eloges  of  Fon- 
tenelle,  which  fnew'ed  him  the  lionours  attendant  on 
talents  and  the  love  of  the  fclences.  His  father  In  vain 
oppofed  the  ftrong  attachment  of  young  Bezout  to  the 
mathematical  fclences.  Aprils,  1758,  he  was  named 
adjoint-mechanician  In  the  French  academy  of  fei- 
ences;  having  before  that  fent  them  two  ingenious 
memoirs  on  the  Integral  calculus,  and  given  other 
proofs  of  his  proficiency  in  the  fciences.  In  1763, 
he  was  named  to  the  new  office  of  Examiner  to  the 
Marine,  and  appointed  to  compole  a Courfe  of  Ma- 
thematics for  their  uCe ; and  in  1768,  on  the  death  of 


M.  Camus,  he  fucceeded  as  Examiner  of  the  Artillery 
Eleves. 

Bezout  fixed  his  attention  more  particularly  to  the 
refolution  of  algebraic  equations ; and  he  fird  found  out 
the  folution  of  a particular  clafs  of  equations  of  all  de- 
grees. This  method,  different  from  all  former  ones, 
was  general  for  the  cubic  and  biquadratic  equations,  and 
jufl  became  particular  only  at  thofe  of  the  5th  degree. 
Upon  this  work  of  finding  the  roots  of  equations,  our 
author  laboured  from  1762  till  1779,  when  he  pub- 
Idhed  It.  Ele  compofed  two  coui'fes  of  mathematics  ; 
the  one  for  tire  Marine,  the  other  for  the  Artillery  : 
The  foundation  of  thefe  two  works  was  the  fame  ; the 
applications  only  being  different,  according  to  the  two 
different  objects : thefe  courfes  have  every  where  been 
held  In  great  eillmatloa.  In  his  office  of  examiner  he 
difeharged  the  duties  with  great  attention,  care,  and 
tendernefs;  a trait  of  his  juflice  and  zeal  Is  remarkable  In 
the  following  indance  ; During  an  examination  which 
he  held  at  Toulon,  he  was  told. that  two  of  the  pupils 
could  not  be  prefent,  being  confined  by  the  finall-pox  : 
he  himfelf  had  never  had  that  difeafe,  and  he  was  greatly 
afraid  of  it ; but  as  he  knew  that  if  he  did  not  fee 
thefe  two  young  men,  it  would  much  impede  their 
improvement;  he  ventured  therefore  to  their  bed-lidcs, 
to  examine  them,  and  was  happy  to  find  them  fo 
defervlng  of  the  hazard  he  put  himfelf  into  for  their 
benefit. 

Mr.  Bezout  lived  thus  feveral  years  beloved  of  his 
family  and  friends,  and  refpeiled  by  all,  enjoying  the 
fruits  and  the  credit  of  his  labours.  But  the  trouble 
and  fatigues  of  his  offices,  with  fome  perfonal  cha- 
grines,  had  reduced  his  drength  and  conllltutlon  ; he 
was  attacked  by  a malignant  fever,  of  which  he  died 
Sept.  27,  1783,  In  the  54th  year  of  his  age,  regretted 
by  his  family,  his  friends,  the  young  dudents,  and  by 
all  his  acquaintance  In  general. 

Tlie  books  publiffied  by  him,  were  : 

1.  Courfe  of  Mathematics  for  the  ufe  of  the  Marine, 
with  a Treatife  on  Navigation  ; 6 vols.  in  8vo,  Paris, 
1764. 

2.  Courfe  of  Mathematics  for  the  Corps  of  Artillery; 
4 vols.  in  8vo,  1770. 

3.  General  Theory  of  Algebraic  Equations;  1779* 

Elis  papers  printed  in  the  volumes  of  the  Memoirs 

of  the  Academy  of  Sciences,  are : 

1.  On  curves  whofe  reClificatlon  depends  on  a given 
quantity;  in  the  vol.  for  1758. 

2.  On  feveral  claffes  of  equations  that  admit  of  an 
algebraic  folution  ; 1762. 

3.  Fird  vol.  of  a courfe  of  mathematics,  1764. 

4.  On  certain  equations,  See;  1764. 

5.  General  refolution  t)f  aU  equations;  1765. 

6.  Second  vol.  of  a courfe  of  mathematics  ; 1765* 

7.  Third  vol.  of  the  fame;  1766. 

8.  Fourth  vol.  of  the  fame  ; 1767. 

9.  Integration  of  differentials,  &c.  vol.  3,  Sav.  Etr, 

10.  Experiments  on  cold  ; 1777. 

BIANCHINl  (Francis),  a very  learned  Italian 
phllofopher  and  mathematician  of  the  17th  century,* 
was  born  at  Verona  the  13th  of  December  1662.  He 
was  much  edeemed  by  the  learned,  'and  was  a mem- 
ber of  feveral  academies  ; and  was  even  the  founder 
of  that  at  Verona,  called  the  Academy  of  Aletofill,  or 

I.,oveia 
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I.overs  of  Truth.  He  went  to  Rome  in  1684; 
was  made  Itbrarian  to  cardinal  Ottoboiii,  who  was 
afterwards  Po|)e  by  the  name  of  Alexander  the  8th, 
He  entered  into  the  church,  and  became  canon  of  St. 
Harv  de  la  Rotondo,  and  afterward  of  St.  Lawrence 
in  Damalo. 

Bianchini  was  author  of  feveral learned  and  ingenious 
difiertations.  In  1697  he  publidied  ha  IJIoria  univer- 
[ale  pro'vata  con  monumenti^  Jigurata  con  Jimholl  de gU 
riKtichi,  In  1701  pope  Clement  the  t uh  named  him 
fccretary  of  the  conferences  for  the  reformation  of 
the  calendar;  and  he -publiilied  ih  1703,  De  Calen” 
dar'io  iff  Cvclo  Cajaris,  ac  de  Cavone  FnfehaJi  fancii 
Alartyris,  DiJJertationes  dua,  Bianchini  was 
employed  on  the  conllriidHon  of  the  large  gnomon  in 
the  church  of  the  Chartreux  at  Rome,  upon  which 
he  publifned  an  ample  difTertatlon  intitled,  De  Nummo 
Iff  Gnomone  Clementino,  The  refearch  concerning  the 
parallax  and  the  fpots  of  Venus  occupied  him  a long 
time  ; but  his  moil  remarkable  diicovery  is  that  of  the 
parallelifm  of  the  axis  of  Venus  in  her  orbit.  He  pro- 
pofed  to  tras^e  a meridian  line  through  the  whole  extent 
of  Italy.  He  vras  admitted  a foreign  AlTociate  in  the 
Paris  Academy  of  Sciences,  in  1706;  and  he  had 
many  aftronomical  diiiertations  inierted  in  their  Me- 
moirs, particularly  in  thofe  of  the  years  1702,  1703, 
1704,  1706,  1707,  1708,  1713,  and  1718. — -Bianchini 
died  the  2d  of  March  1729,  in  the  67th  year  of  his 

BIMEDIAL  hlnef  is  the  fum  of  two  Medials. 
Euclid  reckons  two  of  thefe  birnedials,  in  pr.  38  and 
39  lib.  X ; the  hrfl  is  when  the  reftangle  is  rational, 
ivbich  is  contained  by  the  two  medial  lines  whofe  fnm 
makes  the  bimedial;  and  the  lecond  when  that  rec- 
tangle is  a medial,  or  contained  under  two  lines  that 
are  commenfurable  only  in  power. 

BINARY  Niinaber,  that  which  is  compofed  of  two 
units. 

Binahy  Arithmetic^  that  in  which  two  figures  or 
charadters,  viz,  t and  o,  only  are  ufed  ; the  cipher  mul- 
tiplying every  thing  by  2,  as  in  the  common  arithme- 
tic by  ten  : thus,  i is  one,  10  is  2,  11  is  3,  100  is  4, 
101  is  5,  T 10  is  6,  I 1 1 is  7,  loco  is  8,  1001  is  9,  loio 
is  ten  ; being  founded  on  the  fame  principles  as  com- 
mon arithmetic,— This  fort  of  arithmetic  was  invented 
by  Leibnitz,  who  pretended  that  it  is  better  adapted 
than  the  common  arithmetic,  for  difeovering  certain 
properties  of  numbers,  and  for confirudling  tables;  but 
he  does  not  venture  to  recommend  it,  for  ordinary  ufe, 
on  account  of  the  great  number  of  places  of  figures 
requifite  to  exprefs  all  numbers,  even  very  fmall  ones. 
Jof.  Pelican  of  Prague  has  more  largely  explained  the 
principles  and  praftice  of  the  binary  arithmetic,  in  a 
book  entitled  Arlthmeticus  PerfeBns,  qui  trla  numerare 
nefcit ; 1 7 12.  And  De  Lagnl  propofed  a new  fyflem 
of  logarithms,  on  the  plan  of  the  binary  arithmetic  ; 
which  he  finds  (horter,  and  more  eafy  and  natural  than 
the  common  ones. 

BINOCLE,  or  Binocular  Telescope,  is  one 
by  which  an  objeCl  is  viewed  with  both  eyes  at  the  fame 
time.  It  confifts  of  two  tubes,  each  fiirniflied  with 
glaffcs  of  the  fame  power,  by  which  means  it  has  been 
faid  to  fhew  objedts  larger  and  more  clearly  than  a mo- 


nocular or  fingle  telefcope  ; though  this  is  probably 
only  an  illufion,  occafioned  by  the  ftronger  imprelTion 
which  two  equal  images,  alike  illuminated,  make  upon 
the  eyes ; and  they  have  been  found  more  embarraffing 
than  ufeful  in  pradlice.  This  telefcope  has  been 
chiefly  treated  of  by  the  fathers  Reita  and  Cherubin 
of  Orleans. — There  are  alfo  microfeopes  of  the  fame 
kind,  though  but  little  ufed  ; being  fubjedl  to  the  fame 
inconveniences  as  the  telelcopes. 

BINOMIAL,  a quantity  confiding  of  two  terms 
or  members  connedledby  the  fign  + or  — , viz,  plus  or 
minus  ; as  -f-  •—  2c.^  or  T or  A — z c, 

&c  ; denoting  the  fum  or  the  difference  of  the  two 
terms.  But  the  difference  is  alfo  fometimes  named  a 
refiduaf^  and  by  Euclid  an  The  term  binomial 

was  firft  introduced  by  Robert  Recorde  ; fee  his  alge- 
bra, pa,  46“. 

Binomial  htne^  or  Surd^  is  that  in  wdiich  at  lead 
one  of  the  parts  is  a furd.  Euclid  enumerates  fix 
kinds  of  binomial  lines  or  finds,  in  the  lOth  book  of 
his  Elements,  which  are  exactly  fimilar  to  the  fix  refi- 
duals  or  apotomes  there  treated  of  alfo,  and  of  which 
an  account  is  given  under  the  aft.  Apotome,  which 
fee,  Thofe  apotomes  become  binomials  by  only 
chanc^insc  the  lion  of  the^  latter  term  from  minus  to 
plus,  which  therefore  are  as  below, 

KucJidh  6 Binomial  Lines, 

Firfl:  binomial  34-  >^7, 

2d  binomial  ^i8  -{-  4> 

3d  binomial 
4th  binomial  4 + 

5th  binomial  »/6  -j-  2, 

6th  binomial  a/6  + \/2, 

Do  extract  the  Square  Root  of  a Binomial,  as  of 
a 4-  ^/b,  or  \/ c 4“  Various  rules  have  been 

given  for  this  purpofe.  The  firil  is  that  of  Lucas  De 
Burgo,  in  his  Summa  de  Arlth,  &c,  which  is  this  i 
When  one  part,  as  a,  is  rational,  divide  it  into  tw^o 
parts  fuch,  that  their  product  may  be  equal  to  |:th  of 
the  number  under  the  radical  b ; then  fhall  the  fum  of 
the  roots  of  thofe  parts  be  the  root  of  the  binomial 
fought ; or  their  difference  is  the  root  when  the  quan- 
tity is  refidual.  That  is,  if  c 4-  ^ = a,  and  c e % 

then  is  jf  c f e =;  v/r  + \/b  the  root  fought. 
As  if  the  binomial  be  23  4-  ^^448  ; then  the  parts  of 
23  are  16  and  7,  and  their  product  is  1 12,  which  is  4th 
of  448  ; therefore  the  fum  of  their  roots  4 4-  is 
the  root  fought  of  23  4-  v^448. 

De  Burgo  gives  alfo  another  rule  for  the  fame  extrac- 
tions, which  is  this  ; The  given  binomial  being,  for  ex- 
ample, f c yY,  its  root  will  be  — b-h 

Ia^'^  “ f\/f  — b. — So  in  the  foregoing  ex- 
ample, 234-  >v/'448,  here^c  = 23,  and  fb  — >^7448  ; 

hence  I v'f  = I ij,  and-^V'e  — -s/'  zf  —448 

= 4a/'^^_=  4I ; 

theref.  )/is/c  4-  yfc  — b~\/ 1 1 ^ 4-4?  — a^i^=4» 

and  Vifi-'  — iff  ~ 1 it  — 42  = a/7  5 

confeq.  4 4-  a/7  the  root  fought,  as  before. 

Again,  if  the  binomial  be  ^18  4"  V^io;  heret:=i8, 

and 


/ 


B I N 


B I N 


[ 207  ] 


and = 10;  theref.  =z 

z\/c  — b = z>s/^=\/2;  hence, 


and 


The  fquare  of  72  the  greater  term  I's  5184 
and  of  the  Ids  term  is  5120 


y and 
2 


V'  I a/ 2 -h\/2  = y^|y/2~ 


^i\^c-i\/c-bz=  V'^^^Z-a/z  = V'iv'2  = 


confeq.  + V~ 


is  the  root  of 


+ <^/io  fought.  And  this  latter  rule  has  been 
ufed  by  all  other  authors,  down  to  the  prefent  time. 

To  extras  the  Cubic  and  other  higher  Roots  of  a Bino- 
mial, This  IS  ufeful  in  refolving  cubic  and  higher  equa- 
tions, and  was  introduced  with  the  refolulion  of  thofe 
equations  by  Tartalea  aixl  Cardan.  The  rules  for  fuch 
extradions  are  in  great  meafare  tentative  ; and  fome  of 
the  principal  ones  are  the  following.  * 

^ R artaled* s Rule  for  the  Cube  Root  of  a Binomial  p-\'q. 
This  rule  is  given  in  his  9th  book  of  Mifcellan  eons 
Queftions,  queft.  40  ; and  it  is  made  out  from  either  of 
the  terms, p or  q,  of  the  binomial,  taken  fmgly,  in  this 
mannei  : Separate  either  term,  as  y>,  into  two  fuch 
parts  that  the  one  of  them  may  be  a cubic  number, 
and  the  other  part  divifible  by  3 without  a remainder  j 
then  the  cube  root  of  the  faid  cubic  part  will  be  one 
tcim  ot  the  root,  and  the  other  term  will  be  the  fquare 
root  of  the  quotient  arifing  from  dividing  the  afore- 
faid  third  part  by  the  firil  term  jull  found.  So  if  p be 

divided  into  r ^ + 3/,  then  the  root  is  r + v'— • for 

r 

example,  to  extraft  the  cube  root  of  ;/io8  -f-  10. 

part  10  be  taken  ; this  feparates  into  the 
parts  I and  9,  the  former  of  which  is  a cube,  and  the 
latter  divifible  by  3 ; that  is  = i,  and  3^  =:  9 ; 

hence  r m ly  and  j = 3;  confequently  r-f 

~ ^ "h  h the  cubic  root  of  -y./ic8  -f-  10 

fought.^  Again,  to  ufe  the  other  term  ^^/loS:  this 
divides  into  ^^27  4-  fi'jy  of  which  the  former  is  a 
cube,  and  the  latter  divifible  by  3 ; that  is,  = v/27, 
and  3^  =r  ; therefore  r = -^3,  and  s = ^A/zy 

= a/s  alfo  : hence  r = V3  q.  — 

f \/S 

V 3 “h  I the  cube  root,  theAame  as  before. 

Botnbelli  S'  Rule  for  the  Cubic  Root  of  the  Binomial 

« + a/ -h,  Firft  find  \/ a-  -f  ^ ; then,  by  trials, 
fearch  out  a number  c,  and  a fquare  root  -v/^  fuch 

that  the  fum  of  their  fquares  c'^  d be  rz  ^ u'^  + by 
and  alfo  3fc/be  “•  a ; then  (hall  c -i-  j/  —d  he  the 
cube  root  of  ^ -f-  t^/  —b  fought.  For  example,  to 

find  the  cube  root  of  2 + v'  — 1 21  ; here  t/ a'^  + = 
a/i2S  = 5 ; then  taking  c = 2,  and  d — 1,  it  is 

c^fd=^  = Ya^^-hb,  andr3_3c,/~  g_5  ~ 2 = a, 
as  it  ought ; therefore  2 -f  y'  — i is  the  cube  root  of 
V^“~i2i  fought. — Bombelli  gave  alfo  a rule  for 
the  cube  root  of  the  binomial  a + Jby  but  it  is 
good  for  nothing. 

Albert  Girard*  s Rule  for  the  Cube  Root  of  a Binomial, 
i his  IS  given  in  his  Invention  Nouvelle  en  ! Algebrcy  and 
IS  explained  by  him  thus:  Let  72  -f  YS^20  b«  the 
gueii  binomial  whofe  cubic  root  is  fought. 


their  difference  64 

its  cube  root  4, 

which  4 muff  be  the  difference  between  the  fquares  of 
the  two  terms  of  the  root  fought  ; and  as  the  rational 
part  72  of  the  given  binomial  is  the  greater  term,  there- 
fore the  rational  part  of  the  required  root 
will  be  the  greater  part  alfo  ; confequently  2 -f 
the  cubic  root  fought  muff  be  one  of  the  3 + 
binominals  here  fet  in  the  margin,  where  4 + y^i2 
the  difference  of  the  fquares  of  the  terms  5 -f  Y 20 
is  always  4,  as  required  ; and  to  find  out 
which  of  them  it  muff  be,  proceed  thus;  The  firff, 

2 T v/o  muff  be  rejeaed,  becaufe  one  term  of  it  is  o 
or  nothing  ; alfo  becaufc  5 exceeds  the  cube  root  of 
72,  or  >^/20  exceeds  the  cube  root  of  >^5220,  there- 
fore 5 y/20,  and  all  after  it  muff  be  rejeaed  too  ; 

fo  that  the  root  muff  be  either  3 -f  ^3or4-f-  v'12, 
if  the  given  quantity  has  a binomial  root  ; to  know 
which  of  thefe  is  to  be  taken,  it  muff  be  confidered 
that  the  rational  term  of  the  root  muff  mcafure  the  ra- 
tional term  given  j and  alfo  the  irrational  term  of  the 
root  muff  mealure  the  irrational  term  given  ; then, 
on  examination  it  is  found  that  botlr3  and  4 meafure  or 
divide  the  72  without  a remainder,  but  that  only  the 
\/5,  and  not  \/i2y  meafures  -s/5120;  confequently 
none  but  3 Y ^ the  cube  root  of  the  given 

quantity  72  + -^5120;  which  is  found  to  anfwer,  by 
cubing  the  fald  root  3 + ^5. 

Ri . Ji' aliis  s Rule  Jor  the  Cube  Root  of  a Binomial 
a rt  m Yb  or  a di  mY — b.  In  thefe  forms  the  great- 
eff  rational  part  m is  extraTed  out  of  the  radical  part, 
leaving  only  b the  leaff  radical  part  poffible  under  the 
radical  fign.  He  then  obferves  that  if  the  given  quan- 
tity have  a binomial  root,  it  muff  be  of  this  form 
c ± nYby  vvitli  the  fame  radical  b.  Then  to  find  the 
value  of  L and  /i,  he  raifes  this  root  to  the  3d  power, 

which  gives  + 3^^,/  q-  nH  • Yh  which 

miiil  be  — ^ ^Y^  given  quantity;  hence 

putting  the  rational  part  of  the  one  quantity  ctjual  to 
that  of  the  other,  and  alio  the  radical  part  of  the  one 
equal  to  that  of  the  other,  gives  q-  yn^b  = and 
3^*"  + n^b  = m.  Then  airuming  feveral  values 
from  the  laff  equation  he  finds  the  value  of 
c ; hence  if  thefe  values  of  c and  «,  fubffitnted  in 
the  fiift  e(ju<itior)j  inahe  it  juftj  they  are  ri^ht  j but 
if  not,  another  value  of  n is  affumed,  and  fo  on, 
till  the  firff  equation  hold  true.  And  it  is  to  be 
noted  that  n is  always  an  integer  or  elfe  tlie  half  of  an 
integer.  Foi  example,  if  the  cube  root  of  13c  dz 
-v/1825  be  required,  or  135  ± 78-V/3  ; here  a 133, 

7/1  __  78,  and  = 3 ; fiance  3^2/2  + nih  — m is  sCn  + 
3”^  ~ 7^>  or  r*/'  q-  n^  =.  26;  tlien  afTuming  7/  = i, 
this  laff  equation  becomes  q-  i = 26,  from  whence 
c is  found  = 5 ; which  values  of  c and  n being  fubffi- 
tuted  in  the  firff  equation  -f-  ytCb  rz  ay  makes 
5^  "f*  3 • 5 • 3 ~ hut  ought  to  be  135,  ffie wing  that 
c IS  too  great,  and  confequently  n taken  too  little. 
Let  n therefore  beaffumed  = 2,foniall  2^-  q-  8 26, 

and  c = 3 ; and  the  firff  equation  becomes  3^  + 3 . 3! 

• 3 - 27  . 5 = 133  = iz  as  it  ought,  which  ihews 
that  the  true  value  of  n is  2,  and  that  of  is  3 ; lienee 
then  the  cube  root-  of  135  ± 78^3  or  r ±;  uYb  is 
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±:  3 \/3  or  3 d:  -v/iz.  And  in  like  manner  is  the 
procefs  inftitiited  when  the  number  in  the  radical  is 
negative,  as  the  cube  root  of  81  di  30\/“3»  which 


IS  i Zt 


Another  rule  for  extracting  the  cube  root  of  an  Ima- 
ginary binomial  was  alfo  given  by  Demolvre,  at  the  end 
of  Saunderfon’s  Algebra,  by  means  of  the  trifedbion  of 


an  arc  or  angle. 


Sir  I,  Nenvton^s  JRiile  for  any  Root  of  a Binomial 
a ~\z  Ik  In  his  Univerfal  Arith.  Is  given  a rule  for  the 
fquare  root  of  a binomial,  which  is  the  fame  as  the  2d 
of  Lucas  dc  Burgo,  before  given  ; and  alfo  a general 
rule  for  any  root  of  a binomial,  which  I have  not  met 
with  elfewhere  ; and  it  is  this ; Of  the  given  quantity 
a zh  h,  let  a be  the  greater  term,  and  c the  index  of 
the  root  to  be  extradled.  Seek  the  lead  number  n 
whofe  power  can  be  divided  hj  aa  — bb  without  a 
'remainder,  and  let  the  quotient  be  q ; Compute 

\/ a -b  h , n^/qin  the  neared  Integer  number,  which 
call  r ; divide  a^fq  by  its  greated  rational  divifor,  call- 
ing the  quotient  s ; and  let  the  neared  integer  number 

above  — be  t:  fo  mail— — be  the  root 

2i- 

fought,  if  the  r^ot  can  be  extradfed.  And  this  rule  is  de- 
mondratedby  Gra^efandeiw  his  commentary  on  New- 
ton’s Arithmetic,  ^nd  many  numeral  examples, Illudra- 
tlng  this rule,are given  in  s’Gravefande’s  Algebra,  above- 
mentioned,  pa.  r6o,  as  alfo  in  New'ton’s  U ni verf.  Arith. 
pa.  53  2d  edit,  and  in  Maclaurin’s  Algebra  pa.  118. 
Other  rules  may  be  found  in  Schooten’s  Commen- 
tary on  the  Geometry  of  JDefcartes,  and  elfewhere. 

Impoffihle  or  Imaginary  Binomial,  Is  a binomial 
which  has  one  of  its  terms  an  impofiible  or  an  imagi- 
nary quantity  ; as  a 4-  V — b. 

Binomial  Curve,  is  a curve  whofe  ordinate  is  ex- 
preiTcd  by  a binomial  quantity  ; as  the  curve  whofe  or- 

e 

dinate  is  x*  X h d^.  Stirling,  Method.  Diff.  pa. 
58. 

Binomial  Theorem,  is  ufed  to  denote  the  celebrated 
theorem  given  by  Sir  I.  Newton  for  raifing  a binomial 
to  any  power,  or  for  extracting  any  root  of  it  by  an 
approximating  infinite  feries.  It  was  known  by  Stife- 
llus,  and  others,  about  the  beginning  of  the  i6th  cen- 
tury, howto  raife  the  Integral  powers,  not  barely  by  a 
continued  multiplication  of  the  binomial  given,  but 
Stifelius  formed  alfo  a table  of  numbers  by  a continued 
addition,  which  diewed  by  infpedlion  the  coefficients  of 
the  terms  of  any  power  of  the  binomial,  contained 
within  the  limits  of  the  table  ; but  dill  they  could  not 
independent  of  a table,  and  of  any  of  the  lower  powers, 
raife  any  power  of  a binomial  at  once,  by  determining 
its  terms  one  from  another  only,  viz,  the  2d  term  from 
the  id,  the  3d  from  the  2d,  and  fo  on  as  far  as  we  pleafe, 
by^a  general  rule;  and  much  lefs  could  they  extradl 
general  algebraic  roots  in  infinite  feries  by  any  rule 
W'hatever. 

For  although  the  nature  and  condrudfion  of  that 
table,  which  is  a table  of  figurate  numbers,  was  fo 
early  known,  and  employed  in  the  raifing  of  powers, 
and  the  extraftingthe  roots  of  pure  numbers  ; yet  it  was 
only  by  raifing  the  numbers  one  from  another  by  con 
tinual  additions,  and  then  taking  them  from  the  table 

7 


when  wanted,  till  Mr.  Briggs  fird  pointed  out  the  way 
of  raifing  any  line  in  the  table  by  itfelf,  without,  any 
of  the  preceding  lines  ; and  thus  teaching  to  raife  tire 
terms  of  any  power  of  a binomial,  independent  of  any 
of  the  other  powers  ; and  fo  gave  the  fubdance  of  the 
binomial  theorem  in  words,  wanting  only  the  algebraic 
notation  in  fymbols ; as  is  ffiewn  at  large  at  pa.  75 
of  the  hidorical  introduction  to  my  Mathematical 
Tables.  Whatever  was  known  however  of  this  matter, 
related  only  to  pure  or  integral  powers,  no  one  before 
Newton  having  thought  of  extradling  roots  by  Infinite 
feries.  He  happily  difeovered  that,  by  confidering 
powers  and  roots  in  a continued  feries,  roots  being  as 
powers  having  fradtional  exponents,  the  fame  binomial 
feries  would  equally  ferve  for  them  all,  whether  the  index 
ffiould  be  fractional  or  Integral,  or  whether  the  feries 
be  finite  or  infinite.  The  truth  of  this  method  how- 
ever was  long  known  only  by  trial  in  particular  cafes, 
and  by  indudtion  from  analogy  ; nor  does  it  appear  that 
even  Newton  himfelf  ever  attempted  any  diredt  proof 
of  it : however,  various  deraondrations  of  the  theorem, 
have  fince  been  given  by  the  more  modern  mathemati- 
cians, fome  of  which  are  by  means  of  the  dodtrine  of 
fluxions,  and  others,  more  legally,  from  the  pure  prin- 
ciples of  algebra  only:  for  a full  account  of  wdiich, 
fee  pa.  71  ^-c,  of  my  Mathematical  Tradts,  vol.  i. 

This  theorem  was  fird  difeovered  by  Sir  1.  Newton 
in  1669,  and  fent  in  a letter  of  June  13,  1676,  to  Mr. 
Oldenburgh,  Secretary  to  the  Royal  Society,  to  be  by 
him  communicated  to  Mr.  Leibnitz  ; and  it  was  in  this 


m 


form  : p ~ P " "k 

in 


m m—n  m — in 

q (.q 


n 


2n 


in 


m 


H — dq  -f-  See : where  p •{-  pQ  fignifies  the 

quantity  wdiofe  root,  or  power,  or  root  of  any  power, 
is  to  be  found  ; being  the  fird  term  of  that  quantity  ; 
q the  quotient  of  all  the  red  of  the  terms  divided  iDy 

that  fird  term  ; and  — the  numeral  index  of  the  power 

n 

or  root  of  the  quantity  p pq,  whether  it  be  integral 

or  fradfional,  pofitive  or  negative  ; and  ladly  a,  h,  c,  r/, 

&c,  are  affumed  to  denote  the  feveral  terms  in  their 

order  as  they  are  found,  viz,  a ~ the  fird  term 

, . , m , - m—n 

b = the  2d  term  — aq,  c = the  3d  term  hq. 

n 2n  ^ 

and  fo  on.  As  Newton’s  general  notation  of  indices 
was  not  commonly  known,  he  takes  this  occafion  to 
explain  it ; and  then  he  gives  many  examples  of  the 
application  of  this  theorem,  one  of  which  is  the  fol- 
lowing. 

Ex.  i.  To  find  the  value  of  -f-  or  c~  -}- 
tliat  is,  to  extradl  the  fquare  root  of  -j' 


..a 


infinite  feries.  Here  p = q — — , 


m 


I,  and 


n 


2 ; therefore  ^ 


zc 


m — n 


2n 


h 


p » 

— 


=c,i  = 


m 


n 


~aq 


the  root  fought  is  r 4* 
-f  &c. 


86- 


Zc 


See ; and  therefore 


A" 


a” 

4. 


12'Sc'^ 


A.  variety 


B I N 
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A variety  of  other  examples  are  alfo  given  in  the 
’fame  place,  by  which  it  is  Ihewn  that  the  theorem  is 
of  univerfal  application  to  all  forts  of  quantities  what- 
ever. * ' 

This  theorem  is  fometimes  reprefented  in  other 
forms,  as 


m 

n 


T7?—‘2n 


X : I + 


m 

n 


m 

H-  — • 

n 


m n 


2n 


T 


•f  - 

n 


m — n 


2n 


3« 


^5  q-  &c  j which  comes  to  the  fame  thing.  Or 


m 


alfo  thus  ^ ^ r 
n - 


m—  n 


^ m VI  n 


m — Zn 


n 


2n 


r &c; 


m 

B. 


where  the  binomial  is/>  4-  r . 

In  another  letter  to  Mr.  Oldenhurgh,  of  Ocl.  24, 
1676,  Newton  explains  the  train  of  rcafoning  by 
\vhich  he  obtained  the  faid  theorem,  as  follows:  “ In 
the  beginning  of  my  mathematical  fludies,  when  I 
was  perufing  the  works  of  the  celebrated  Or.  Walks 
(fee  his  Arith.  of  Infinites,  prop.  118,  and  121,  alfo 
his  Algebra  chap.  82),  and  confidering  the  feries  by  the 
interpolation  of  which  he  exli^its  the  area  of  the  cir- 
cle and  hyperbola  ; for  inftance,  in  this  feries  of  curves, 
.whofe  common  bafe  or  axis  is  Xy  and  the  ordinates  re- 


I — xx\ 


XX 


2 


I — 


fpe61;ively 
4 

^ ''  SiC  ; I perceived  that  if  the  areas  of  the 

alternate  curves,  which 
are  x, 


X — |0, 
X — 


^ — |a-3  -f 

&c  ; could  be  Interpolated,  we  fliould  obtain  the 
areas  of  the  intermediate  ones ; the  firil  of  which,  or 


X. 

z 


I — x:?\ , is  the  area  of  the  circle  : now  in  order  to 
this,  it  appeared  that  in  all  the  feries  the  hrft  term  was 
x;  that  the  2d  terms  f .v*,  \ x^y  jx^y  fx^y  &c,  were 
in  arithmetical  progreffion  ; and  confequcntly  that  the 
firft  two  terms  of  all  the  feries  to  be  intei'polated  would 
be 


X — 


X ..3 
z ^ 


X — 


3 v3 

2 


X — 


5 


oCC* 


“ Now  for  the  interpolation  of  the  reft,  I confidered 
that  the  denominators  i,  3,  5,  7,  &c,  were  in  arith- 
metical progreffion  ; and  that  therefore  only  the  nu- 
"meral  coefficients  of  the  numerators  were  to  be  invef- 
tigated.  But  thefe  in  the' alternate  areas,' wdiich  arc 
given,  were  the  fame  with  the  figures  of  which  Um 
feveral  powers  of  ii  coiififl,  viz,  of  il*,  it’’, 

Ji3  &c5;thatis,  the  firfl  l, , 

the  fecond  I,  I 
the  third  I,  2,  I 
the  fourth  i,'3,  3,  i 
the  fifth  I,  4,  6,  4,  •! 

See. 

■**I  enquired  therefore  how,  in  thefe  feries,  the  red  of 
the  terms  may  be  derived  from  the  firfl  two  being  given  ; 
and  I found  that  by  putting  m for  the  2d  figure  or  term, 

VoL.  I. 


the  reft  would  be  produced  by  the  continued  multipli- 
cation of  the  terms  of  this  feries. 


m — o m — I ?n  z 
X X X ^ 


m — 4 . 

X &c. 


1.2.3  4 s 

“ For  inftance,  if  the  2d  term  = 4 ; then  fhall 


4 X 


?7l  — I 


, or  6,  be  the  3d  term  ; and  6 X 


m ~ 2 


or  4,  the  4tli  term  ; and  4 X — ^ — > 


4 


or  If  the  5th 


term 


and  I X — , Qi*  o,  the  6th ; which  fhews 

that  in  this  cafe  the  feries  terminates. 

“ This  rule  therefore  I applied  to  the  feries  to  be  in- 
terpolated. And  fiiice.  In  the  feries  for  the  circle,  the 


2d  term  w'as 
the  terms  : 

I 


I ,.3 

3 

■ X 


I put 


t - I 


tn 


1 

zf 


which  produced 


or  — - 


I 

16* 


+ ~ X 
16 


2 

T - 3 


or 


8 

5 


8 ^ 


1 

2 


or 


and  fo  on  ad  in* 
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finitum.  And  hence  I found  that  tile  required  area  of 
the  circular  fegment  Is 


A*  — 


U-  ■ 


-4 


— k.c» 


3.  5 7.9 

And  in  the  fame  manner  might  be  produced  the 

interpolated  areas  of  ^he  other  curves  : as  alfo  the  area 
of  the  hyperbola  and  ^le  other  alternates  in  this  fciies 


z 

2. 


3 

'Z 


&C. 


I + A ll  , I + WaI  , I A*a)  , I -p  AW^  , 

And  in  the  fame  way  alfo  may  other  feries  be  interpo- 
lated, and  tliat  too  if  they  fhbuld  be  taken  at  the  diftance 
of  tw'o.or  more  terms. 

This  was  the  way  then  in  which  I firft  entered  upoa 
thefe  fpeciilations ; which  I fhould  not  have  remem- 
bered, but  that  in  turning  over  my  papers  a few  weeks 
fince,  I chanced  to  call  my  eyes  on  thofe  relating  to 
this  matter, 

“Having  proceeded  fo  far,  I confidered  that 

Q.  Z 4-  A 


[~— ~A^,  I — AVlil 


I — 'AA 


terms  i — aa"^, 
that  is,  I 

I — 

I — 2A-^  + X* 

] ~ 3A^  + — x^y  &c,  might  be  interpo- 

lated in  the  fame  manner  as  the  areas  generated  by  them: 
and  for  this,  notliing  more  w’as  required  but  to  omit 
the  denominators  1,  3,  5,  7,  &c,  in  the  terms  exprefiing 
the  areas ; that  Is,  the  coefficients  of  the  terms  of  the 


3 

i' 


^ ^ > I ■ m — s.  ^ ■ ■ I ■■  ■' 

quantity  to  be  interpolated,  i — aw  ] , or  i — xx  \ , or 


m 


generally  1 — , will  be  produced  by  the  continued 

multiplication  of  j.he  terms  of  this  feries 
m — 1 m —•  2 w — 3 


m X 


X 


X 


5c  c. 


(( 
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Thus,  for  example,  there  would  be  found 


1 — AA^  =.1  — — 

3 

1 — aa)  = I — 


3 A 1 5 


3 A* 
2, 


•3 


® 5cc. 


8cc7l 


1 — xx\  = I — I A®  — I 
F e 


/r  5c c« 


'lime 
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Thus  tlien  I dn^covered  a general  metliod  of  re- 
ducing radical  quantities  into  infinite  ferlcs,  by  the  the- 
orem which  I fent  in  the  beginning  of  the  former  letter, 
before  I knew  the  fame  by  the  extraction  of  roots. 

But  having  difeovered  that  way»  this  other  could 
rot  long  remain  unknown  : for,  to  prove  the  truth  of 
thofe  operations,  I multiplied 

I _ l „ I a'4  — &c,  by  itfelf,  and  the  produa 

is  i — all  the  reft  of  the  terms  vanifhiiig  alter  theie, 
hi  infinituni.  In  like  manner, 

I _ I _ i ^,^4  _ twice  multiplied  by  it- 
felf, produced  i But  as  this  was  a certain  proof 

of  thofe  conclufions,  fo  1 was  naturally  led  to  try  con- 
verfely  whether  thefe  feries,  which  were  thus  known  to 
be  the  roots  of  thequantity  i could  not  be  extradled 
out  of  it  after  tlie  manner  of  arithmetic  ; and  upon  trial 
I found  it  to  fucceed.  The  procefa  for  the  fquare  root 
is  here  fet  down 


I 

£ 


(i 


-6  X 


t 


&C 


O — 


- -k  i 


- iA* 

i X*  -k  i A^  -k 

i .,6  __  1 yS 


**  Thefe  methods  being  found,  I laid  afide  the  other 
way  by  interpolation  of  feries,  and  ufed  thefe  operations 
only  as  a more  genuine  foundation.  Neither  was  I 
ignorant  of  the  redudlion  by  divifion,  which  is  fo  much 
cafierd’  See  Collins’s  Comrnercium  Epijlolicum . 

And  this  is  all  the  account  that  Newton  gives  of  the 
invention  of  this  theorem,  which  is  engraved  on  his 
monument  irv  Weftminfter  Abbey,  as  one  of  his  great- 
eft  difeoveries. 

BIPARTIENT,  is  a number  that  divides  another 
into  two  equal  parts  without  a remainder.  So  2 is  a bi- 
partient  to  4,  and  5 a bipartient  to  ic. 

BiPARTlTION,  is  a divifion  into  two  equal  parts. 
BIQUADRATE,  or  Biouadratic  Ponver^  is  the 
fqiiared  fquare,  or  4th  power  of  any  number  or  quan- 
tity. Thus  16  is  the  biquadrate  or  4th  power  of  2,  or 
it  is  the  fquare  of  4 which  is  the  2d  power  of  2. 

Biquadratic  of  any  quantity,  is  the  fquare 

root  of  the  fquare  root,  or  the  4th  root  of  that  quan- 
tity. So  the  biquadratic  root  of  16  is  2,  and  the  biqua- 
dratic root  of  Si  is  3. 

Biquadratic  Equation,  is  that  which  rifes  to  4 
dimenfions,  or  in  which  the  unknown  quantity  riles  to 
she  4th  power  ; as  + ax^  -{-  -p  ca'  d o. 

Any  biquadratic  equation  may  be  conceived  to  be 
generated  or  produced  from  the  continual  multiplication 
of  four  limpie  equations,  

asA— Xa  — A — r X x s ^ o \ 
or  from  that  of  two  quadratic  equations, 
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I.  Ferrari’ s Method  for  Biquadratic  Equations  i 

The  firft  refolution  of  a biquadratic  equation  wa5 
given  in  Cardan’s  Algebra,  chap.  39,  being  the  iuvea- 
tloii  of  his  pupil  and  friend  Lewis  Ferrari,  about  the 
year  1 540.  This  is  effeCled  by  means  of  a cubic  equa- 
tion, and  is  indeed  a method  of  deprefting  the  biqua- 
dratic equation  to  a cubic,  wbicli  Cardan  demonftrates, 
and  applies  in  a great  variety  of  examples.  ^ The  prin- 
ciple is  very  general,  and  confifts  in  completing  one  fide 
of  the  equation  up  to  a fquare,  by  the  help  of  fome 
multiples  or  parts  of  its  own  terms  and  an  affumed  un- 
known quantity  ; which  it  is  -always  eafy  to  do  ; and 
then  the  other  fide  is  made  to  be  a fquare  alfo,  by  af- 
fuming  the  produa  of  its  ift  and  3d  terms  equal  to 
the  fquare  of  half  the  2d  term  ; for  it  confifts  only  oP 
three  terms,  or  three  different  denominations  of  tlsc 
original  letter  ; then  this  equality  will  determine  the 
value  of  the  affumed  quantity  by  a cubic  equation!  othec 
circiimllances  depend  on  the  artift’s  judgment.  But  the 
method  will  be  farther  explained  by  the  following  ex- 
amples, extracted  from  Cardan’s  book. 

Ek.  I.  Given  a'^  ff-  bA^*  -f  36  iz;  6oa,  to  be  refolved^ 
Add  6a^  to  both  Tides  of  the  equation,  fo  fhali 

4*  I 2a^  4“  A-^  — — bA“-  4"  doA. 

Affume  y,  and  add  a"  -p  6^  -p  y'^  to  both  fide%;then  i$ 

.p  51 2 4.  A^  4-  6 , ly  -P  — 6a^  4-  dcTA  4- 

A^  4-  6 . ly  4-  jy^,  or  + 6 4^^  = 6 -p  2y.  a^- 
4“  6oa  -p  1 -p 

Make  now  the  ill  X 3^  term  = ^ fq.  2d, 


this  gives  b 2y  . 1 ly  4*  y^  • — qopA^, 

or  4.  4_  . 450 ; and  hence 

From  which  a may  be  found  by  a quadratic  equation. 

Ex.  2.  Given  a"^  =:  a -p  2. 

Before  applying  Ferrari’s  method  to  this  example. 
Cardan  refolves  it  by  another  way  as  follows:  fubtraft  i, 
tlien  Is  A^  — I = A -4*  I ; divide  by  a 4* , L then  is 
;^3  — 4-  A — I = I,  or  -j-  A = A^  4-  2 ; and 

hence  


A 


2241 


+ 


47 


-ly 


2916  54 

But  to  refolve  it  by  Ferrari’s  rule  ; 


2241  _ 47 
2916  54 


Becaiife  = a 4*  2.  therefore  

^4  4_  2yA^  4-5’^  or  -f-  A 4-  2 4- 

hence  2j2  4-  43;  — orjs  4-^y  — | ; and  the  root  is 


y 


.4 ^ 

6912  16  6912  xv.  , 

by  means  of  wdiich  a Is  found  by  a quadratic  eqiiatioi 
^ Ex  2.  Given  a'^  4-  32a^  4 16  — 48A". — Add  24c 


16 


P 16  48. 

~ J — — V ^ 

then  A^  4-  32A''  4 256  or  a^  4 16]  = 48A  4-  24c 
complete  fquare  again,  then 

4-  2y  . A^  4 16  4-  = lyx^  4-  48A  ■ 


as  A^  4-  pA  4-  5'  X A^  4"  rx  -P  j-  =:  o ; 

or,  laftly,  from  that  of  a cubic  and  a fimple  equation, 

as  A — /»  X A^  4'  ^A*  -P  rA  4-  J =:  o : which  was  the 
invention  of  Harriot.  And,  on  the  contrary,  a biqua- 
dratic equation  may  be  refolved  into  four  fimple  equa- 
tions, or  into  two  quadratics,  or  into  a cubic  and  a fim- 
ple  equation,  having  all  the  fame  roots  with  it. 


y'^  d-  32y  4-  240  ; 

make  the  laft  fide  a fq.  by  the  rule,  which  gives 
4-  22y^  4-  240y  = 24  X 12  = 288. 

Put  now  % =jy  4 I of,  and  the  laft  transforms  to 
— 101^2  4 ; then  the  valqe  of  % found 

from  this,  gives  the  value  of  and  hence  the  value, of 
A”,  as  before. 

2.  I?r/- 
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2.  Defcavtes*s  Rule  for  Riquadratic  Equations, 

Another  foliition  was  given  of  biquadratic  equations 
by  Defcartes,  in  the  3d  book  of  his  Geometry.  In 
this  folution  he  refolved  tire  given  biquadratic  equation 
into  two  quadratics,  by  means  of  a cubic  equation,  in 
this  manner  ; Firft,  let  the  2d  term  or  3d  power  be  taken 
away  out  of  the  equation,  after  which  it  will  Hand  thus, 

-b  px-  -f  qx  -b  r = 0.  Find  y in  this 

-b  1 

cubic  equation  -b  2py^  _ — q 


= o ; and  then 


the  values  of 
.V  in  thefe 
two  quadra- 
tics. 


— >v  -b 


+ {p  + 


3 


+ + iy'"  + ip 


2J' 

pf 

ly 

roots  of  the  given 


rr  o, 


and  thefe  values  of  a'  will  be  the 
biquadratic  equation. 

Ex.  Let  the  equ.  be  .v^  — iq  x-  — lox  — 6 = Q. 
Hence  y>  = — 17,  y = — 20,  & r = — 6 ; 
and  the  cubic  equ.  is  x^  — + 3 ^3J’^  — 4®^  = 

the  root  of  which  isy^  = 16,  or  y =:  4 ; 
hence  the  two  qua-  — 4'^  “ 3 — o 


dratics  are 


4-  4-v  4-2—0, 


the  four  roots  of  which  are  2 dz  /f  q and  — 2 i\/2. 

c 

3.  EuJeRs  PTethod  for  Biquadratic  Equations, 

The  celebrated  Leonard  Euler  gave,  in  the  6th 
volume  of  the  Peterlburgh  Ancient  Commentaries, 
for  the  year  1738,  an  ingenious  and  general  method 
of  rcfolving  equations  of  all  degrees,  by  means  of 
the  equation  of  the  next  lower  degree,  and  among 
them  of  the  biquadratic  equation  by  means  of  the 
cubic;  and  this  laid  Avas  alio  given  more  at  large  in 
his  treatife  of  Algebra,  tranOated  from  the  German  into 
French  in  1774,  in  2 volumes  8vo.  The  method  is 
this:  Let  — ax"^  —lx  — c ~ be  the  given  bi- 
quadratic equation,  wanting  the  2d  term.  I'akc  f = 
frr,  g — -fj,aa  4-  ^ ''’itb  which  values 

of y,  i6,  form  the  cubic  equation  — fxd  gz  — 
h zz:  o.  Find  the  three  roots  of  this  cubic  equation, 
and  let  them  be  called  y*,  q,  r,  ."J'hen  fliall  the  four  roots 


of  the 

propofed  biquadratic 

be  thefe  following, 

viz, 

When 

\h  is  pofitive  : 

When  f b 

is  negat 

ive  : 

ift. 

Vp 

+ q 

4- 

ap  + 

x/q  - 

2d. 

ap 

— v/r 

fp  - 

V q dr 

3d. 

Vp 

— v'y 

-b.  x^r 

— vy  4" 

\^q  + 

4th. 

v/A 

- x^q 

- 

-fp  - 

fq  - 

^ • 

Ex. 

Let  the  eq 

. be  a'’’  - 

- 2 ex’’  -b  6oa  —-36 

rr  0. 

Here  a — 

25,  b z 

: — 60, 

and  c = 36 

• 

> 

theref, 

/= 

625  ^ 769 

- . 4-  9 = , , 

16  ^ 16 

and  h z 

- 111. 

4 

Confeq.  th 

e cubic 

equation 

wall  be 

23  — 4- 


760  22e 

z ~ Oi 


2 16  4 

The  three  roots  of  which  are 


2=  - = />,  and  % — A = n, 
4 ^ 


and  z — 


the  roots  of  which  are  »yp  — |,  \^q  = 2 or 

Hence,  as  the  value  of  \h  is  negative,  the  four  roots 


are 


A* 

1 + 

4- 

■2, 

— 

s 

I, 

3- 

2, 

4- 

a 

4- 

S 

■2;  — 

2, 

X ~ 

-F 

4 

•2 

4- 

S — 

T — 

X ~ 

3 _ 

4 

2. 

— 

i = *“ 

6. 

[II. 


3^- 


4.  Slmpfons  Rule  for  Biquadratic  Equations. 

Mr.  Simpfon  gave  alio  a general  rule  for  the  ioliition 
of  biquadratic  equations,  in  the  2d  edit,  of  his  Algebra, 
pa.  150,  in  wdiich  the  given  equation  is  alio  refolved 
by  means  of  a cubic  equation,  as  w'ell  asthetAvo  former 
ways;  and  it  is  inveiligatcd  on  the  principle,  that  the 
given  equation  is  equal  to  the  difference  between  two 
fquares  ; being  indeed  a kind  of  generalization  of  I'er- 
rari’s  method. 


Thus,  he  fiippofes  the  given  equation,  viz. 


'rN 


4-  p'X^  + q-^^  -b  4-  4-  zp-v  4-  A “ — 

Bx  -b  CV  ; then  from  a comparifon  of  the  like  terms, 
the  values  of  the  aflumed  letters  are  found,  and  the  final 
equation  becomes 

A3  — \qPy  "F  H 

wliere  h = \pr  — s,  and  / -b  s.  \p^~~  q. 

The  value  of  A being  found  in  this  cubic  equation, 
from  it  w ill  be  had  the  values  of  B and  C,  wdiich  have 

thefe  general  values,  viz,  B = -V/2A  -f  ^p'^  — and 
^ Flence,  finally,  the  root  a*  will  be  ob- 


C = 


2B 


talned  from  the  aifumed  equation  x"^  4-  ipx  -b  AV  — 

Ba'  -b  C^*  ==  o,  or  A^  -b  \px  4"  A =1  d:  B.v  d:  C > 
in  four  feveral  values. 

Ex.  Given  the  equ.  — 6.v3  — .j8a^  --II4A— it 
= of 

Hercj^  = ~6,  q=  — 58*  = —i  14,  and  j = — i i, 

whence 

k or  Ipr  — j = 182,  / or  {r'^^  4-  s.  \p'^  — q—  2512 
and  therefore  the  cubic  equation  becomes 
A3  4-  29A^4-  T82A  — 1256  = o, 
the  root  of  w'hich  is  A = 4* 

Hence  then  B or  .^/2A  E \p'^  C 

p\  — y , 
or  — = Viqi 
2 13 

and  the  quadratic  equation  becomes 

— 3A-  4-  4 = ± aa/75  i ^27,  the  fbur  roots  o£ 
which  are  x = pz  2\  f ^ ^/lyi  ii  ix/  3 , 
and  X zz  \l  ± 2l  ^3  - >v/i7  di  ilWsT 
Mr.  Simpfon  here  fubjolns  an  obfervatlon  wdiich  it 
has  lince  been  found  is  erroneous,  viz,  that  “ The  value 
of  A,  in  this  ecpiatlon,  will  be  commenfuraie-^nd  rational 
(and  therefore  the  cafier  to  be  dlfcovered),  not  only 
W'lien  all  the  roots  of  the  given  equation  are  commcnfuralcy 
butwdien  they  are  irrational  and  even  InipoJJihle  ; as  will 
appear  from  the  examples  fubjoined.”  This  is  a flrangc 
reafon  for  Simpfon  to  give  for  the  proof  of  a propo- 
rtion ; and  it  is  wonderful  that  he  fell  upon  no  exam- 
ples that  difprove  it,  as  the  inllancesdn  which  it  holds 
true,  are  very  few  indeed,  in  comparifon  with  the 
number  of  thofe  in  which  it  fails. 

Note.  In  any  biquadratic  equation  having  all  its 
terms,  if  | of  the  fquare  of  the  coefficient  of  the  2d 
term  be  greater  than  the  prcKiuct  of  the,  coefficients  of  , 
the  lib  and  3d  terms,  or  | of  the  fquare  of  the  coefficient 
K e 2 of 
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of  the  4th  term  he  greater  than  the  proctu£l  of  the  co- 
cfEcients  of  the  3d  and  5th  terras,  or  ^ of  the  fqiuire  of 
the  coefficient  of  the  3d  term  greater  than  the  product 
of  the  coefficients  of  the  2d  and  4th  terms;  then  all  the 
roots  of  that  equation  will  be  real  and  unequal;  but 
if  either  of  the  faid  parts  of  thofe  fquares  be  lefs  than, 
either  ot  thofe  produdls,  the  equation  will  have  ima- 
ginary roots. 

For  the  condrudlion  of  biquadratic  equations,  fee 
ConJlruBion,  See  alfo  Dcfcartes^ s Geometry,  with  the 
Comment artes  of  Schooten  and  others  ; Bdker^s  Geometri- 
cal Key  ; Slvfius^s  Mefolablum ; PHofpltaFs  Conic  Sec- 
tions; W oljiu  s'*  s Element  a Mathejeos  ; 

Biqjjadratic  Parabola,  a curve  of  the  3d  order, 
having  two  infinite  legs,  and  exprcffed  by  one  of  tliele 
th  ree  equations,  viz, 

= y^  , as  in  fig.  I, 

= y^  — y"^,  as  in  fig,  2, 

a}x  :=z  y^  — a -{■'  b ^aby'^,  as  in  fig.  q ; 
where  x = AP  the  abfcifs,  y = PQ^the  ordinate, 
b =2  AB,  c = AC,  and  a = a certain  given  quan- 
tity. 


But  the  mofi:  general  equation  of  this  cmare  is  the 
foUawing,  which  belongs  to  fig.  4,  viz, 


4*  -p  4*  4“  ^ / 

where  ,*•  = hp  or  AP  the  abfcifs,  and  —y  or  *4-  y is 
the  ordinate  pm  or  PM,  alfo  a,,  h,  c,  d,  e,  are  confiant 
quantities ; the  beginning  of  the  abfcifs  being  at  any 
point  A in  the  indefinite  line  AP. 

But  if  the  beginning  of  the  abfcifs  A be  where  this 
line  interfeds  the  curve,  as  in  fig.  5,  then  the  nature 
of  the  curve  will  be  defined  by  this  equation  a x pm 
s=r  Ap  X Bp  X Cp  X B)pf  wherever  the  point  p is 
taken  in  the  infinite  line  RS. 
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a X fm  = hp^  X pB^*  See  Cuavs  Einfs,  atM 
Geometrical  Lines. 

BIQUINTILE,  an  afpecft  of  the  planets  when  tlie 
difiance  betv/een  them  is  144  degrees,  or  twice  the 
3th  part  of  360  degrees. 

BISECTION,  or  Bissection,  the  divifion  of  a 
quantity  into  two  equal  parts,  otherwife  c^W^d  blpartition- 

BISSEXl'IXiE,  or  Leap-year,  a year  confifllng  of 
366  days,  and  happening  every  4th  year,  by  the  ad- 
dition of  a day  in  the  month  of  February,  which  that 
year  coniifts  of  29  days.  And  this  is  done  to  recover 
the  6 hours  which  the  fun  takes  up  nearly  in  his'coiiTfe* 
more  than  the  365  days  commonly  allowed  for  it  in 
other  years. 

The  day  thus  added  was  by’’  Julius  Ctefar  appointed 
to  be  the  day  before  the  24th  of  February,  which  among 
the  Romans  was  the  6th  of  the  calends,  and  which  on 
this  occafioa  was  reckoned  twice  ; v.ffience  it  was  called 
the  hijfextile. 

By  the  llatiite  De  anno  hiffexiile,  zi  Hen.  Ill,  to  pre* 
vent  mifunderfiandings,  the  intercalaiy  day  and  that 
next  before  it  arc  to  be  accounted  as  one  day. 

To  find  what  year  of  the  period  anyr  given  year  is  ; 
divide  the  given  year  by  4 ; then  if  o remains,  it  13 
leap  year ; but  if  any  thing  I'emain,  the  given  year  is 
fo  many  after  leap  year. 

But  the  afironpmers  concerned  in  reforming  the  ca- 
lendar in  1582,  by  order  of  pope  Gregory  XIII,  ob- 
ferving  that  in  4 years  the  biflextile  added  44  minutes 
more  than  the  fun  fpent  in  returning  to  the  fame  point 
of  the  ecliptic  ; and  computing  that  in  133  years  thefe 
fupernumerary  minutes  would  form  a day  ; to  prevent 
any  changes  being  thus  infenfibly  introduced  into  the 
feafons,  diredfed,  that  in  the  courfe  of  400  years  tliere 
ffiould  be  three  fextiles  retrenched  ; fo  that  every  cen- 
tefimal  year,  which  is  a leap  year  according  to  the 
Julian  account,  is  a common  year  in  the  Gregorian 
account,  imlefs  the  number  of  centuries  can  be  divided 
by  4 without  a remainder.  So  1600  and  2000  are 
bilfextile ; but  1700,  1800,  and  1900  are  common 
years. 

The  Gregorian  computation  has  been  received  in 
mofl;  foreign  countries  ever  fince  the  reformation  of  the 
calendar  in  1582  ; excepting  fome  northern  countries, 
as  Ruffia,  &c.  And  by  adl  of  parliament,  paffed  in 
lyyi,  it  commenced  in  all  the  dominions  under  the 
crown  of  Great  Britain  in  the  year  following;  it  being 
ordered  by  that  a£l  that  the  natural  day  next  following 
the  2d  of  Septeniber,  ffiould  be  accounted  the  14th;, 
omitting  the  inteiinediate  1 1 days  of  the  common  ca- 
lendar, The  fupernumerary  day,  in  leap  years,  being 
added  at  the  end  of  the  month  February,  and  called  the 
29th  of  that  month. 

BLACK,  a colour  fo  called,  or  rather  a privation 
of  all  colour.  This,  it  feems,  arifes  from  fuch  a pe» 
euliar  texture  and  fituation  of  the  fuperficial  parts  of  a 
black  body,  that  they  abforb  all  or  mofl  of  the  rays  of 
light,  refiedling  little  or  none  to  the  eye  ; and  hence  it 
happens  that  black  bodies,  thus  imbibing  the  rays,  are 
always  found  to  be  hotter  than  thofe  of  a lighter  colour.. 
Lr.  Franklin  obferves  that  black  cloaths  heat  more,  and 
dry  fooner  in  the  fun  than  white  cloaths  ; that  there- 
fore black  is  a bad  colour  for  cloaths  in  hot  climates  ; 
but  a fit  colour  for  the  linings  of  ladies*  famraer  hats ; 


When  the  curve  has  no  ferpentine  part,  as  fig.  6, 
the  equation  is  more  fimple,  being  in  this  cafe  barely 
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aw!?  tliat  a chimney  painted  black,  when  expofed  to 
the  fun,  will  draw  more  llrongly.  Franklin’s  Experim. 
&c. — Dr.  Watfon,  the  prefent  bifhop  of  Landaff,  co- 
vered the  bulb  of  a thermometer  with  a black  coating 
of  Indian  ink,  and  the  confequence  was  that  the  mer- 
cury rofe  10  degrees  higher.  Philof.  Tranf.  vol.  63, 
pa.  40. — And  a virtuofo  of  imfufpedled  credit  aHiired 
Mr.  Boyle,  that  in  a hot  climate  by  blacking  the  fhells 
of  eggs,  and  expofing  them  to  the  fun,  he  had  feeii 
them  thus  well  roalled  in  a fliort  time. 

BLACKNESS,  the  quality  of  a black  body,  as  to 
colour;  arlling  from  its  llifdng  or  abforbingthe  rays  of 
light,  and  refle(5ling  little  or  none.  In  which  fenfe  it 
(lands  directly  oppofed  to  whitenefs  ; which  confills  in 
fuch  a texture  of  parts,  as  indifferently  reflects  all  the 
lays  thrown  upon  it,  of  whatever  colour  they  maybe. 

Defcartes,  it  feems,  firk  lightly  dikinguiflied  thefe 
caufes  of  black  and  v/hite,  though  he  might  be  miftaken 
with  refpcdl  to  the  general  nature  of  light  and  colours. 
— Sir  I fane  Newton  fiiews,  in  his  Optics,  that  to  pro- 
duce black  colours,  the  corpufcles  mull  be  fmaller  than 
for  exhibiting  the  other  colours ; bccaufe,  where  the 
fixes  of  the  component  particles  of  a body  are  greater, 
the  light  refiedted  is  too  much  for  coidlituting  this  co- 
lour ; but  when  they  are  a little  fmaller  than  Is  requifite 
to  refledt  the  white,  and  very  faint  blue  of  the  hrlf 
order,  they  will  refledl  fo  little  light,  as  to  appear  in- 
tenfely  black ; and  yet  they  may  perhaps  refledt  it 
varioufly  to  and  fro  within  them  fo  longj  till  it  be  killed 
and  lok. 

And  hence,  it  appears,  why  fire,  or  putrefadllon, 
by  dividing  the  particles  of  fubkances,  turn  them  black; 
■why  fmall  quantities  of  black  fubkances  impart  their 
colours  very  freely,  and  intenfely,  to  other  fubkances, 
to  which  they  are  applied  ; the  minute  particlesof  thefe, 
cn  account  of  their  very  great  number,  eafily  overfpread- 
ing  the  grofs  particles  of  others.  Hence  It  alfo  appears, 
why  glafs  ground  very  elaborately  on  a copper- plate 
with  fand,  till  it  be  well  polifned,  makes  the  fand,  with 
what  is  rubbed  off  from  the  copper  and  glafs,  become 
very  black;  alfo  why  blacks  commonly  incline  a little 
towards  a blueifh  colour  ; as  may  be  feeu  by  illuminating 
white  paper  with  light  reflefled  from  black  fubkances, 
when  the  paper  ufually  appears  of  a blueiki  white  ; the 
reafon  of  which  is,  that  black  borders  on  the  obfeure 
blue  of  the  firk  order  of  colours,  and  therefore  reflcdls 
more  rays  of  that  colour  than  of  any  other  ; and  lakly 
why  black  fubkances  do  fooner  than  others  become  hot 
in  the  fun’s  Kgbt,  and  burn  ; an  effedt  which  may  pro- 
ceed partly  flrom  the  multitude  of  refradEons  In  a little 
fpace,  and  partly  from  the  eafy  commotion  among  fuch 
minute  particles. 

BLAGRAVE  (JohN),  an  eminent  mathematician, 
who  fioLirlkied  in  the  i6th  and  17th  centuries.  He 
was  the  fecond  fon  of  John  Blagrave,  of  Bulmarlh- 
court  near  Sunning  In  Berkfhirc,  defeended  from  an 
ancient  family  in  that  country.  From  a grammar 
fchool  at  Reading  he  was  fent  to  St.  John’s  college  in 
Oxford,  where  he  applied  himfelf  chieky  to  the  kudy 
of  mathematics.  From  hence  he  retired  to  his  patri- 
monial feat  of  Southcote-Iodge  near  Reading?  wkere 
he  fpent  the  rek  of  his  life,  In  a retired  manner,  with- 
out marrying,  that  he  might  have  more  lelfure  to  pur- 
fue  his  favourite  kudiesj  which  he  did  with  great 


application  ftnd  fuccefs.  After  a life  thus  fpent  in  kudy, 
and  in  acis  of  benevolence  to  all  around  him,  he  died 
in  the  year  161 1 ; and  was  buried  at  Reading  in  the 
church  of  St,  Lawrence,  where  a fumptuous  monu- 
ment was  ereffed  to  his  memory. 

He  left  the  bulk  of  his  fortune  to  the  pokerity  of  his 
three  brothers,  which  were  very  numerous.  There 
have  been  mentioned  various  afts  of  his  beneficence 
in  private  life,  for  the  encouragement  of  learning, 
the  reward  of  merit,  and  the  relief  of  dikrefs.  Some 
of  thefe  were  the  refult  of  a quaint,  humorous  dif- 
pofition,  difeovered  chiefly  in  his  legacies:  One  of 
thefe  was  10  pounds  left  to  be  annually  difpofed  of  in 
the  following  manner:  On  Good-friday,  the  church- 
wardens of  each  of  the  three  parlfnes  of  Reading  fend 
to  the  town- hall  “one  virtuous  maid  who  has  lived 
five  years  with  her  maker  there,  in  the  prefence  of 
the  magikrates  thefe  three  virtuous  maids  throw  dice 
for  the  ten  pounds.  The  year  following  the  two  lofers 
are  returned  with  a frcfli  one,  and  again  the  third  year, 
till  each  has  had  three  chances.  He  alfo  left  an  an- 
nuity to  80  poor  widows,  who  fhould  attend  annually 
on  Good-friday  alio,  and  hear  a fermon,  for  the 
preaching  of  which  he  left  ten  fhillings  to  the  miniker. 
He  took  care  alfo  for  the  maintenance  of  his  fervants, 
rewarding  tlieir  diligence  and  fidelity,  and  providing 
amply  for  their  fupport.  Thus  It  appears  he  was  not 
more  remarkable  for  liis  fcientific  knowledge,  than  for 
his  generofity  and  philanthropy.  His  works  are, 

1.  A Mathematical  Jewel.  Lond.  1789,^110. 

2.  Of  the  Making  and  Ufe  of  the  Familiar  Staff.  . 
Lond.  1590,  4to. 

3.  Akrolabium  L^ranlcum  Gcnerale.  Lond.  1596? 
4to. 

4.  The  Art  of  Dyalling.  Lond.  1609, 

BLAIR  (John),  an  eminent  clironologill,  vras  edu- 
cated at  Edinburgh.  Afterward,  corning  to  London, 
he  was  for  fome  time  ufner  of  a fchool  in  Hedge-lane. 
In  1754  he  firk  publilhed  “The  Chronology  and  HI- 
kory  of  the  World,  fronr  the  Creation  to  the  year  of 
Chrik  1753  ; illukrated  in  56  tables.  In  1755 
elected  a fellow  of  the  Royal  Society,  and  in  1761  of 
the  Society  of  Antiquaries.  In  1736  lie  publilhed  a 
2d  edition  of  his  Chronological  Tables;  and  in  1768 
an  improved  edition  of  the  fame  with  the  addition  of 
14  maps  of  Ancient  and  Modern  Geography,  for  il- 
lukrating  the  Tables  of  Chronology  and  Flillory  ; to 
which  is  prefixed  a Difl'ertation  on  the  Progrefsof  Geo- 
graphy. In  1757  he  was  appointed  chaplain  to  the 
Princefs  Dowager  of  Wales,  and  Mathematical  Tutor 
to  the  Duke  of  York  ; whom  he  attended  in  1763  in  a 
tour  to  the  continent,  from  which  they  returned  the 
year  after.  Dr.  Blair  had  fucceffively  fcveral  good  ■ 
church  livings:  as,  a prebcndal  kail  at  W^ellminker, 
the  vicarage  of  Hinckley,  and  the  reeftory  of  Burton 
Goggles  in  Lincolnflure,  all  in  1761  ; the  vicarage  of 
St.  Bride’s  in  London,  in  1771,  in  exchange' for  that 
of  Hinckley  ; the  reftory  of  St.  John  the  Evangelik  in 
Weffminker,  in  1776,  in  exchange  for  the  vicarage  of 
St.  Bride’s  ; in  the  fame  year  the  reflory  of  Horton 
near  Colebrooke,  Bucks.  Dr.  Blair  died  the  24th  of 
June,  1 782. 

BLIND,  an  epithet  applied  to  an  animal  deprived 
of.  the  ufe  of  eyes;  or  one  from  whom  light,  colours,, 
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and  all  tlie  glorious  objefts  of  tire  vlfible  creation,  are 
intercepted  by  fome  natural  or  accidental  caufe. 

BLlNDN£S!ji,  a privation  of  the  fenfe  of  fight. 
The  orA'narv  caufes  of  blindnefs  are,  fome  external 
violence,  vicious  conformation,  growth  of  a cataradf, 
gutta  fereiia,  fmali-pox,  See  ; or  a decay  of  the  optic 
nerve  ; an  inftance  of  which  we  have  in  the  Academy 
ot  Sciences,  where,  upon  opening  the  eye  of  a perfon 
long  blind,  it  was  found  that  the  optic  nerve  was  ex- 
tremely furunk  and  decayed,  and  without  any  medulla 
in  It.  The  more  extraordinary  caufes  of  blindnefs  are 
malignant  ftenches,  poifonous  juices  dropped  into  the 
eye,  baneful  vermin,  long  confinement  in  the  dark,  or 
the  like. 

We  find  various  recompenfes  for  blindnefs,  or  fub- 
flitutes  for  the  ufe  of  eyes,  in  the  wonderful  fagacity  of 
many  blind  perfons,  related  by  Zahnius  in  his  Oculus 
-ArtificiaUs ^ and  others.  In  fome,  the  defedf  has  been 
fupplied  by  a moft  excellent  gift  of  remembering  what 
vthey  had  feen  before  ; others  by  a delicate  nofe  or  the 
fenfe  of  fmelling ; others  by  a very  nice  ear ; and 
■others  again  by  an  exquifite  touch,  or  fenfe  of  feeling, 
which  they  have  had  in  fuch  perfedfion,  that  as  it  has 
been  faid  oi  fome,  they  learned  to  hear  with  their  eyes, 
it  may^  be  faid  of  tliefe  that  they  tauglit  therafeives  to 
fee  wfth  their  hands. 

Some  have  been  able  to  perform  all  forts  of  curious 
‘%vorks  in  the  nicefi:  and  moll:  dexterous  manner.  Aldro- 
vandus  fpcaks  of  a fculptor,  who  had  become  blind  at 
10  years  of  age,  and  yet  10  years  after\xards  be  made 
a perfect  marble  llatue  of  Cofmo  II  de  Medicis,  and 
another  of  clay  like  pope  Urban  VIII.  Bartholin 
■fpeaks  of  a blind  fculptor  in  Denmark,  who,  by  mere 
touch,  dillinguilhed  perfedtiy  well  all  forts  of  wood, 
and  even  colours ; and  father  Grimaldi  relates  an  in- 
Itance  of  the  fame  kind  ; befides  the  blind  organilt, 
lately  living  in  Paris,  who  it  was  faid  did  the  fame 
thing.  What  feems  more  extraordinary  (till,  we  are 
told,  by  authors  of  good  report,  of  a blind  guide,  who 
iifed  to  conduA  the  merchants  through  the  fands  and 
defarts  of  Arabia  : and  a not  lefs  marvellous  inllance 
is  no\v  exilting  in  this  country,  in  one  John  Metcalf 
near  Mancbefier,  who  became  quite  blind  at  a very 
early  age  ; and  yet  palled  mairy  years  of  his  life  as  a 
waggoner,  and  occalionally,  as  a guide  in  different  roads 
during  the  night,  or  when  the  paths  were  covered  with 
fnow  ; and,  what  is  flranger  flill,  his  prefent  occupation 
is  that  of  furveyor  and  projedfor  of  highways  in  dif- 
ficult and  mountainous  parts,  particularly  about  Bux- 
ton, and  the  Peak  in  Derbyfliire, 

There  are  alfo  many  inilances  of  blind  men  who 
liave  been  highly  diftinguilhed  for  their  mental  an-d  li- 
terary talents,  not  to  fpeak  of  the  poets  Homer,  Mil- 
'ton,  Ofiian,  &c  ; of  which  we  have  a remarkable  iii- 
Ifance  in  the  late  Dr.  Sanderfon,  profeffor  of  mathe- 
matics in  the  univerfity  of  Cambridge,  and  in  the  pre- 
fent Dr.  Henry  Moyes,  public  leAurer  in  philofophy, 
who  both  of  them  loft  theii'  fight  by  the  fmall  pox  at 
an  age  before  they  had  any  recolleAion  ; thefe  men 
were  well  flcilled  in  all  branches  of  the  mathematics, 
philofophy,  and  optics,  &c,  which  they  taught  with 
the  greateft  reputation  ; befides  the  monument  of  fame 
which  the  former  has  left  behind  him  in  his  mathema- 
tical and  phlloiophical  works. 


The  elTeAs  of  a fudden  recovery  of  figlit  in  fuch  as. 
have  been  born  blind,  ai^e  alfo  verv  remarkable  : devoid 
of  the  experience  of  diftance  and  fiirure  arifing  from 
fight,  they  are  liable  to  the  greateft  miftakes  in  this  re- 
fpedt,  in  fo  much  it  has  been  faid  that  they  could  not 
diftinguifb  by  the  mere  fight  which  was  a cube  and 
which  a globe,  without  firft  touching  tliem.  Mr. 
Boyle  mentions  a gentleman  of  this  fort,  who  having 
been  reftored  to  fight  at  eighteen  years  of  age,  was , 
near  going  diftradted  with  the  joy:  fee  Bo}de\s  works* 
abridg.  vol.  I.  pa.  4.  See  alfo  a remarkable  cafe  of 
this  kind  in  the  Tatler,  N®  55,  vol.  i.  A)id  the  gen- 
tleman couched  by  Mr.  Cheleiden  had  no  ideas  of  co- 
lour, fhape,  ordiflance;  though  he  knev/ the  colours 
afunder  in  a good  light  during  his  blind  ftate  ; yet 
when  he  faw  them  after  he  had  been  couched,  tlie  faint ' 
ideas  he  had  of  them  before,  were  not  fuflicient  for  him 
to  know  them  by  afterwards  : as  to  diftance,  liis  ideas* 
were  fo  deficient,  that  he  thouglit  all  the  objeAs  he 
faw  touched  his  eyes,  as  what  he  felt  did  his  Ikin  ; and 
it  was  a confiderable  time  before  he  could  remember 
which  was  the  do^  and  which  the  cat,  thoiifrh  often  in- 
formed,  without  feeling  them. 

BLINDS,  or  Blindes,  in  Fortification,  a kind  of 
defence  ufually  made  of  ozlers  or  branches  interwoven, 
and  laid  acrofs  between  two  rows  of  flakes,  about  a 
man^s  height,  and  4 or  5 feet  afunder.  They  are  ufed  ' 
particularly  at  the  heads  of  trenches,  when  thefe  are 
extended  in  front  towards  the  glacis;  ferving  to  de- 
fend the  workmen,  and  prevent  the  enemy  from  over-  ' 
looking  them. 

BLOCKADE,  is  the  blocking  up  a place,  by  poft- 
ing  troops  all  about  it  at  the  avenues,  to  prevent  fup- 
plies  of  men  and  provifions  from  getting  into  it  ; and 
thus  ftarving  it  out,  without  forming  any  regular  fiege 
or  attacks. 

BLONDEL  (Francis),  a celebrated  French  ma- 
thematician and  military  engineer.  He  was  born  at 
Ribemond  In  Picardy  in  2617.  While  he  was  yet  but 
young,  he  was  chofen  Regius  Profeftor  of  Mathema- 
tics and  Architedlure  at  Paris.  Not  long  after  he  was 
appointed  governor  to  Lewis-Henry  de  Lomcnix,  Count 
de  Brienne,  whom  he  accompanied  in  his  travels  from 
1652  to  165  5,  of  vCdiich  he  piibliflied  an  account.  He 
enjoyed  many  honourable  employments,  both  In  the 
navy  and  army ; and  was  entrufled  with  the  manage- 
inenf'-'of  feveral  negociations  with  foreign  princes. 
He  arrived  at  the  dignity  of  raarfhal  de  camp,  and 
counfellor  of  ftate,  and  had  the  honour  to  be  appointed 
mathematical  preceptor  to  the  Dauphin.  He  was  a mem- 
ber of  the  Royal  Acadtmy  of  Sciences,  director  of  the 
Academy  of  Archite£liire,and  leAurer  to  the  Royal  Col- 
lege : in  all  which  he  fupported  his  charadler  with 
dignity  and  applaufe.  Blondel  was  no  lefs  verfed  In  the 
knowledge  of  the  Belles  Lettres  than  in  the  mathemati- 
cal fciences,  as  appears  by  the  comparifon  he  publifhed  * 
between  Pindar  and  Horace.  He  died  at  Paris  the 
21a  of  February  1686,  in  the  69th  year  of  his  age. 
His  chief  mathematical  works  were, 

1.  Cours  d’Architedlure.  Paris,  1675,  folio. 

2.  Refolutlon  des  quatre  principaux  problemes 
d’Architedlure.  Paris,  1676,  In  folio. 

3.  Hiftoire-du  Calendrier  Romain.  Paris,  1682,  in 
4to. 

4.  Cours 
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4.  Cours  de  ’Mathematlqueg.  Parts,  1683,  }n  qto. 

9.  L’Ait  de  jetter  dcs  Borabes.  La  Idaye,  1685, 
in  4to. 

Belidss  a New  Method  of  fortifying  Places,  and 
Other  works. 

Blondelhad  ahb  many  ingenious  pieces  Inferted  in  the 
Memoirs  of  the  French  Academy  of  Sciences,  par- 
ticularly in  the  year  1666. 

BLOW,  in  a general  fenfe,  denotes  a ftroke  given 
either  with  the  hand,  a weapon,  or  an  inftrument. 
The  effedl  of  a blow  is  eftimated  like  the  force  of  per- 
ciiffion,  and  fo  is  expreffed  by  the  velocity  of  the  body 
multiplied  by  Its  weight. 

BLOWING  of  a Fire-arm,  is  when  the  vent  or 
touch-hole  is  run  or  gullied,  and  becomes  wide,  fo  that 
the  powder  will  flame  out. 

BLUE,  one  of  the  feven  primitive  colours  of  the 
rays  of  light,  Into  wliich  they  are  divided  when  re- 
fra6Ied  through  a glafs  prifm.  See  Newton’s  Optics 
&c.  Sec  alfo  Chromatics. 

BLUENESS,  that  quality  of  a body,  as  to  colour, 
from  whence  it  Is  called  blue  ; depending  on  fuch  a fizc 
and  texture  of  the  parts  that  compofe  the  furface  of  a 
body,  as  difpofes  them  to  refleCl  only  the  blue  or  azure 
rays  of  light  to  the  eye. 

The  bluenefs  of  the  f]<y  Is  thus  accounted  for  by 
Ue  la  Hire,  after  Da  Vinci  ; viz,  that  a black  body 
viewed  through  a thin  white  one,  gives  the  fenfatlon  of 
blue,  like  the  Immenfc  expanfe  viewed  through  the  air 
illuminated  and  whitened  by  the  fun.  For  the  fame 
reafon  he  fays  it  is,  tlmt  fooc  mixed  with  white,  makes 
a blue  ; for  that  white  bodies,  being  always  a little 
tranfparent,  when  mixing  with  a black  behind,  give  the 
perception  of  blue.  From  the  fame  principle  too  he 
accounts  for  the  bluenefs  of  the  veins  on  the  furface  of 
the  flcin,  though  the  blood  they  are  filled  with  be  a deep 
red. 

In  the  fame  manner  was  the  bluenefs  of  the  f]<y  ac- 
conuted  for  by  many  other  of  the  earlier  writers,  as 
Fromondus,  Funceius,  Otto  Guericke,  and  many  others, 
together  with  feveral  of  the  more  modern  writers,  as 
Wolfius,  Mufehenbroek,  &c.  But  in  the  explication 
of  this  phenomenon,  Newton  obferves  that  all  the 
vapours,  when  they  begin  to  condenfe  and  coalefce 
into  natural  particles,  become  firfl  of  fuch  a magnitude 
as  to  refledf  the  azure  rays,  before  they  can  conditute 
clouds  of  any  other  colour.  This  being  therefore  the 
firft  colour  they  begin  to  refledi,  inufl  be  that  of  the 
fined  and  rrmfl  tranfparent  flcies,  in  which  the  vapours 
•are  not  yet  arrived  at  a groflncfs  fufficient  to  rcflcdl 
Other  colours. 

Bouguer  however  afcrlbes  this  bluenefs  of  the  f]<y  to 
the  conditutlon  of  the  air  Itfelf,  being  of  fuch  a nature 
that  thefe  fainter-coloured  rays  arc  incapable  of  mak- 
ing their  way  through  any  confidcrable  traefi;  of  it. 
And  as  to  the  blue  fhadows  which  were  firfl  obferved 
by  Buffon  in  the  year  1742,  he  accounts  for  them  by 
the  aerial  colour  of  the  atmofpherc,  which  enlightens 
thefe  fliadows,  and  in  which  the  blue  rays  prevail ; 
%yhild  the  red  rays  are  not  reflected  fo  foon,  but  pafs  on 
to  the  remoter  regions  of  the  atmofphere.  And  the 
Abbe  Mazeas  accounts  for  the  phenomenon  of  blue 
fhadows  by  the  diminution  of  light  j obferving  that, 
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of  two  fliadows  which  were  cad  upon  a wliite  wall  fi  Om- 
an opaque  body,  illuminated  by  the  moon  and  by  a can-- 
dle  at  the  fame  time,  that  from  the  candle  was  reddifh,.- 
while  the  other  from  the  moon  was  blue.  See  Newton’s- 
Optics  pa.  228,  Bouguer  Traite  d’Optique  pa.  368, 
Edinb,  Eff.  vol,  2 pa,  75,  or  Priellley’s  Hid.  of 
Vlfion  ^c,‘  pa.  43  b. 

BOB  of  a Pendulum^  the  fame  as  the  ball,  which 
fee. 

BODY,  in  Geometry,  is  a figure  conceived  to  be 
extended  in  all  diredlions,  or  what  is  ufually  faid  to  con- 
fid  of  lengtli,  breadth,  and  thicknefs  ; being  otherwife 
called  a iiolid,  A body  is  conceived  to  be  formed  or 
generated  by  the  motion  of  a furface  ; like  as  a furface 
by  the  motion  of  a line,  and  a line  by  the  motion  of 
a'  point. — Similar  bodies,  or  folids,  are  in  proportion  to 
each  other,  as  the  cubes  of  their  like  fides,  or  linear 
dlmenfions. 

Body,  in  Phyfics,  or  Natural  Phllofophy,  afolid,  exr- 
tended,  palpable  fubdance  ; of  Itfdf  merely  palfive, 
being  Indifferent  either  to  motion  or  red,  and  capable 
of  any  fort  of  m.olion  or  figure. 

Body  is  com pofed,  according  to  the  Peripatetics,  of 
matter,  form, ‘and  privation  ; according  to  the  Epicu- 
reans and  Corpnfcularlans,  of  an  affemblage  of  hooked, 
heavy  atoms ; according  to  the  Cartefians,  of  a certain 
extenfion  ; and  according  to  the  Newtonians,  of  a fydeni 
or  affociatlon  of  folid,  maffy,  hard,  impenetrable, 
moveable  particles,  ranged  or  difpofed  In  this  or  that 
manner;  from  which  arife  bodies  of  this  or  that  form, 
and  didinguidied  by  this  or  that  name.  Thefe  elemen- 
tary or  component  particles  of  bodies,  they  affert, 
mud  be  perfe<hly  hard,  fo  as  never  to  wear  or  break  in 
pieces  ; which,  Newton  obferves,  is  neceffary,  in  order 
to  the  world’s  perfiding  in  the  fame  date,  and  bodies 
continuing  of  the  fame  nature  and  texture  in  feveral 
ages. 

Body  of  a piece  of  Ordnance^  the  part  contained  be- 
tween the  centre  of  the  trunnions  and  the  cafcabel* 
This  diould  always  be  more  fortified  or  dronger  than 
the  red.  See  Caknon. 

Body  of  the  Placey  in  Fortification,  denotes  either 
the  buildings  inclofed,  or  more  generally  the  inclofure 
itfelf.  Thus,  to  condruhl  the  body  of  the  place,  is  to 
fortify  or  inclofc  the  place  with  badions  and  curtains. 

Body  of  a Pivnpy  the  thicked  part  of  the  barrel 
pipe  of  a pump,  v/itliin  which  the  pidon  moves. 

Bodies,  Regular  or  Platonic^  are  thofe  which  have 
all  their  fides,  angles,  and  planes,  fimilar  and  cipiaL. 
Of  thefe  there  are  only  5 ; viz, 
the  tetraedrojiy  contained  by  4 equilateral. triangles 
the  hexaedron  or  cubey  by  6 fquarcs  ; 
the  odaedrotiy  by  8 triangles  ; 
the  dodecaedroriy  by  12  pentagons  ; and 
the  IcofacdroTiy  by  20  triangles. 

Po  form  the  fve  Regular  Bodies. 

Let  the  annexed  figures  be  exa6l!y  drawn  on  padc- 
board,  or  diff  paper,  and  cut  out  from  it  by  the  ex- 
treme or  bounding  lines  : then  cut  the  others,  or  inter- 
nal lines,  only  half  through,  fo  that  the  parts  may  be 
turned  up  by  them,  and  then  glued  or  otherwife  fadened 
together  wltli  palle,/e.aling-wax,  &c  ; fo  fliall  they  form 
the  refpe^tivc  body  marked  with  the  correfponding 

nuaffer  ; 
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number  I viz,  N®  i tetraedron,  a tlie  hexaedron 
or  cube,  N°  3 the  o£laedron,  4 the  dodecaedron, 
and  N*’  5 the  icofaedron. 


1 


\ 
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To  find  the  Svperjictcs  or  Solidity  of  the  Regular  Bodies, 
If  Multiply  the  proper  tabular  area  (taken  from  the 
"following  table)  by  the  fquare  of  the  linear  edge  of 
the  folid,  for  the  fuperlicies. 

2.  Multiply  the  tabular  folidity  by  the  cube  of  the 
linear  edge,  for  the  folid  content. 


Table  of  the  Surfaces  and  Solidities  of  the  five  Regular 
Bodies,  the  linear  edge  being  i. 


No.  of  Faces 

Names 

Surfaces  | Solidities 

4 

6 

8 

iz 

zo 

Feiraedroii 

Hoxaedron 

Odtaedroii 

Dodecaedron 

icofaedren 

G'ooooo 

3-46410 

20-64573 

8-66025 

0- 11785 

1- ooooo 

0*47  140 
7*663 1 2 

2* I 8 I 69 

For  more  particular  properties,  fee  eacb'refpefl;ive 
word.  See  alfo  my  large  Menfiiratioiiy  pa.  248,  edit.  2* 

Thefe  bodies  were  called  becaufe  they  were 

faid  to  have  been  invented,  or  firft  treated  of,  by  PlatOy 
who  conceived  certain  myfteries  annexed  to  them. 

BOFFRAND  (Germain),  a celebrated  French 
architect  and  engineer,  was  born  at  Nantes  in  Bretagne 
in  1667,  He  was  brought  up  under  Harduin  Manfarad, 
who  trulled  him  with  conducting  his  greateft  works. 
Boffrand  was  admitted  into  the  French  Academy 
of  Architecture  in  1 709.  Many  German  princes 
chofe  him  for  their  architect,  and  raifed  confiderable 
edifices  on  his  plans.  His  manner  of  building  ap«! 
proached  that  of  Palladio  ; and  there  was  much  of 
grandeur  in  all  his  defigns.  As  engineer  and  infpeCtor- 
general  of  bridges  and  highways,  he  direCted  and  con- 
ItruCted  a number  of  canals,  fluices',  bridges,  and  other 
mechanical  works.  He  publifhed  a curious  and  ufeful 
book,  Containing  the  general  principles  of  his  art ; with 
an  account  of  the  plans,  profiles,  and  elevations  of  the 
principal  works,  which  he  executed  in  France  and  other 
countries.  Boffrand  died  at  Paris  in  1755,  of  the 
Academy  of  Architecture,  firft  engineer  and  infpeCtor- 
general  of  the  bridges  and  highways,  architect  and 
adminiftrator  of  the  general  hofpital. 

BOILING,  or  Ebullition, the  bubbling  up  of  any 
fluid,  by  the  application  of  heat.  This  is,  in  general, 
occafioned  by  the  difeharge  of  an  elaftic  vapour  through 
the  fluid  that  boils ; whether  that  be  common  air, 
fixed  air,  or  fteara,  See.  It  is  proved  by  Dr.  Hamilton 
of  Dublin,  in  his  Eftay  on  the  afeent  of  vapour,  that 
the  boiling  of  \?vater  is  occafioned  by  the  lowermoft: 
particles  of  it  being  heated  and  rarefied  into  vapour, 
or  fleam  ; in  confequence  of  this  diminution  of  their 
fpecific  gravity,  they  afeend  through  the  furrounding 
heavier  fluid  with  great  velocity,  lacerating  and  throw- 
ing up  the  body  of  water  in  the  afeent,  and  fo  giving 
it  the  tumultuous  motion  called  boUhig,  . 

That  this  is  occafioned  by  elaftic  fleam,  and  not  by 
particles  of  fire  or  air,  as  fome  have  imagined,  iseafily 
proved  by  the  following  fimple  experiment : Take  a, 
Common  drinking  glafs  filled  with  hot  water,  and  in- 
vert it  into  a veffel  of*  the  fame  : then,  as  foon  as  the 
water  in  the  veffel  begins  to  boil,  large  bubbles  will  be 
feen  to  afeend  in  the  glafs,  by  which  the  water  in  it 
will  be  difplaced,  and  there  will  foon  be  a continued 
bubbling  from  under  its  edge  : but  if  the  glafs  be  then 
drawn  up,  fo  that  Its  mouth  may  juft  touch  the  water, 
and  a cloth  wetted  in  cold  water  be  applied  to  the  oiit- 
fide,  the  elaftic  fleam  within  it  will  be  inftantly  con-* 
denfed,  upon  which  the  water  v»dli  afeend  fo  as  nearly  to 
fill  it  again.  Some  fmall  parts  of  air  (See,  that  may 
happen  to  be  lodged  in  the  fluid,  may  alfo  perhaps  be 
expelled,  as  well  as  the  rarefied  fleam.  And  this  is  par- 
ticulai'ly  recommended  as  a method  of  purifying  quick- 
filver,  for  making  more  accurately  barometers  and 
thermometers. 

We  commonly  annex  the  idea  of  a certain  very 
great  degree  of  heat  to  the  boiling  of  liquids,  though 
often  without  reafon  ; for  different  liquids  boil  with 
different  degrees  of  heat ; and  any  one  given  liquid 
alfo,  under  different  preffures  of  the  atmofphere.  Thus, 
a veffel  of  tar  being  fet  over  the  fire  till  it  boils,  it  is 
faid  a perfon  may  then  put  his  hand  into  it  without 

injury ; 
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injury  : and  by  putting  water  under  the  receiver  of  an 
airTpump,  and  applying  the  flame  of  a candle  or  lamp 
under  it,  by  gradually  exhaufling,  the  water  is  made  to 
boil  with  always  lefs  and  lefs  degrees  of  heat  ; and 
without  applying  any  heat  at  all,  the  water,  or  even 
the  rnoifture  about  the  bottom  or  edges  of  the  receiver, 
will  rife  in  an  elaftic  vapour  up  into  it,  when  the  ex- 
hauftion  is  near  completed. 

Soirit  of  wine  bolls  flill  fooner  in  vacuo  than  w'ater. 

X 

And  Dr.  Freind  gives  a table  of  the  different  times  re- 
quired to  make  feveral  fluids  boil  by  the  fame  hear. 
See  alio  Philof.  Tra uf.  N°  122. 

BOMB,  in  Artillery,  a fhell,  or  hollow  ball  of  calf- 
iron,  having  a large  vent,  by  which  it  is  filled  with 
gun-powder,  and  whicli  is  fitted  with  a fuze  or  hollow 
plug  to  give  fire  hy,  when  thrown  out  of  a mortar, 
5cc  : about  the  time  when  the  Ihell  arrives  at  the  in- 
tended place,  the  compofition  in  the  pipe  of  the  fuze 
fets  fire  to  the  powder  in  the  (hell,  which  blows  it  all 
in  pieces,  to  the  great  annoyance  of  the  enemy,  by 
killing  the  people,  or  firing  the  houfes,  dec.  They  are 
now  commonly  called  Jhells  fimply,  in  the  Engli'h 
artillery. 

Thefe  fiiells,  or  bombs,  are  of  various  fr/es,  from 
that  of  17  or  i8  inches  diameter  downwards.  The 
vety  large  ones  are  not  ufed  by  the  Englifh,  that  of  13 
inches  diameter  being  the  higheli;  lize  now  employed 
bv  them  ; the  weight,  dimenlions,  and  other  circum- 
fiances  of  them,  and  the  others  downwards,  are  as  in 
the  following  table. 


Diameter  of 
the  Shell. 

Weight  of 
the  Shell. 

Ponder  to 
fill  them. 

Pon  der  to  burfl: 
them  into  moll 
pieces. 

ij  inch 

10 

8 

54  Royal 
44Cohorn 

lbs. 

89 

46 

vh 

lb.  oz. 

9 4| 

a 3? 

I H 

0 8 

lb.  oz. 

7 8 

3 4 

2 0 

0 14 

0 7 

hir.  Muller  gives  the  following  proportion  for  all 
fiiells.  Dividing  the  diameter  of  the  mortar  into  30 
equal  parts,  then  the  other  dimenfions,  in  30ths  of 
that  diameter,  will  be  thus : 

Diameter  of  the  bore,  or  mortar 
Diameter  of  tlie  fhell,  - _ . . 

Diameter  of  the  hollow  fphere 
Thicknefs  of  metal  at  the  fuze  hole 
riiicknefs  at  the  oppollte  part 
Diameter  of  the  fuze  hole 
Weight  of  fhell  empty 
Weight  of  powder  to  fill  it 

where  d denotes  the  cube  of  the  diameter  of  the  bore 
in  inches. — Bat  fhells  liave  alfo  lately  been  made  with 
the  metal  all  of  the  fame  thicknefs  quite  around. 

. El  general,  the  windage,  or  difference  between  the 
diameter  of  the  fhell  and  mortar.  Is  of  the  latter  ; 
alfo  the  diameter  of  the  hollow  part  oi  the  fiitll  is  Ts’ 
of  the  laice. 

Bombs  are  thrown  out  of  mortars,  or  howitzers  j but 
they^  may  alfo  be  thrown  out  of  cannon  ; and  a very 
fmau  fort  are  thrown  by  the  hand,  which  are  called 
granados : and  the  Venetians  at  tlie  fiege  of  Candia, 
VoL.  I. 


30 

‘■V  t 

2 1 
32 
5 
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when  the  Turks  had  poffeffed  themfelves  of  the  ditch 
ufed  large  bombs  without  any  piece  of  ordnance,  but 
barely  rolled  them  down  upon  the  enemy  along  a 
plank  fet  aflope,  with  ledges  on  the  Tides  to  keep  the 
bomb  right  forwards. 

Mr.  Blondel,  in  his  Art  de  jetter  des  BomheSy  fay^ 
the  firff  bombs  were  thofe  tlirown  into  the  city  of 
Watchtendoncli  in  Guelderlaiid,  in  1588  ; and  they 
are  defcribed  by  our  countryman'  Lucar,  in  his  book 
on  Artilleiy  publilhed  this  fame  year  1588  ; though  it 
is  pretended  by  others  that  they  were  in  ufe  near  a 
century  before,  namely  at  the  fiege  of  Naples  in 
1495.  They  only  came  into  common  ufe,  however, 
in  1634,  and  then  only  in  tlie  Dutch  and  Spanifii  ar- 
mies. It  Is  fald  that  one  Malthus,  an  Englifli  engi- 
neer, was  lent  for  from  Holland  by  Lewis  the  14th, 
who  ufed  tliem  for  liim  with  much  fuccefs,  particularly 
at  the  fiege  of  Cohoure  in  1642. 

The  art  of  throwing  bombs,  or  fiiells,  forms  a prin- 
cipal branch  of  Gunneiy,  founded  on  the  theory  of 
projecdiles,  and  the  quantities  and  laws  of  force  of 
gunpowder.  And  the  principal  writers  on  this  art  are 
Meff.  Blondel,  GuifiiCe,  De  Reffons,  De  La  Hire,  &c, 

Bomb-Chest,  is  a kind  of  chefl  iifually  filled  with 
bombs,  and  fometimes  only  with  gunpowder,  placed 
under  ground,  to  blow  it  up  into  the  air  with  thofe 
who  ffand  upon  it  ; being  fet  on  fire  by  means  of  a 
fauciffee  fafiened  at  one  end.  But  they  are  now  much 
out  of  ufe. 

BOMBARD,  an  ancient  piece  of  ordnance,  now 
out  of  ufe.  It  was  very  fiiort  and  thick,  with  a large 
mouth  ; fome  of  which  it  is  faid  threw  balls  of  300 
pounds  weight,  requiring  the  ufe  of  cranes  to  load 
them.  The  Bombard  is  by  fome  called  hofdijhy  and 
by  the  Dutch  donderhus. 

Bo  BOMBARD,  is  to  attack  by  throwing  of  bombs, 
or  fiiells. 

BOMBARDIER,  a perfon  employed  about  throw- 
ing bombs  or  fhells.  He  adjulls  tlie  fuze,  and  load*^ 
and  fires  the  mortar. 

BONE3)  Napter^s.  See  Napier. 

BONING,  in  Surveying  and  Ijevelling,  See,  is  the  . 
placing  three  or  more  rods  or  poles,  all  of  the  fame 
lengtli,  in  or  upon  the  ground,  in  fuch  a manner  that 
the  tops  of  them  be  all  in  one  continued  ftraight  line, 
Avhethcr  it  he  horizontal  or  inclined,  fo  that  the  eye 
can  look  along  the  tops  of  them  all,  from  one  end  of 
the  line  to  tlie  other. 

BONNET,  in  Fortification,  a fmall  work  of  two 
faces,  having  only  a parapet,  with  two  rows  of  pali- 
ladoes  at  about  10  or  12  feet  diftance.  It  is  common- 
ly placed  before  the  laliant  angle  of  the  counterfearp, 
ail’d  having  a communication  with  the  covered  way,  by 
means  of  a trench  cut  through  the  glacis,  and  palifadoes 
on  each  fide. 

> 

Bonnet  a Pretrey  or  Pruji^s  Capy  is  an  outwork, 
having  three  faliant  angles  at  the  head,  befides  two 
inwards.  It  differs  from  the  double  tenaille  only  In 
this,  that  its  Tides,  infiead  of  being  parallel,  grow  nar- 
rower, or  clofer,  at  the  gorge,  and  opening  at  the 
front ; ffom  whence  it  is  called  queue  d^arondcy  or  fwal- 
low’s  tail. 

BOOTES,  a conftellation  of  the  northern  heml- 
fphere,  and  one  of  the  48  old  ones  ; having  23  flars  in 
F f Ptolemy 
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Ptolemy^s  catalogue,  28  in  Tycho’s,  34  in  Bayer’s, 
52  in  Hevilus’s,  and  54  in  Flamfteed’s  ; of  which  one, 
in  the  flcirt  of  his  coat,  is  of  the  firft  magnitude,  and 
called  jlrBurus, 

Bootes  is  reprefented  as  a man  in  the  poUure  of 
walking  ; his  right  hand  grafping  a club,  and  his  left 
extended  upwards,  and  holding  the  cord  of  the  two 
dogs  which  feem  barking  at  the  Great  Bear. 

The  Greeks,  contrary  to  their  ufiial  cuftom,  do 
not  giye  any  certain  >ccount  of  the  origin  of  this  con- 
ftellation.  Thofe  who  in  very  early  days  made  the 
liars  which  were  afterwards  formed  into  the  great 
bear  reprefent  a waggon  drawn  by  oxen,  made  this 
Bootes  the  driver  of  them,  from  whence  he  was  called 
the  waggoner  ; others  contumed  the  office  when  the 
waggon  was  dellroyed,  and  made  a celeilial  bearward 
of  Bootes,  making  it  his  office  to  drive  the  two  bears 
round  about  the  pole  : and  fome,  when  the  greater 
Vv’aggon  was  turned  into  the  greater  bear,  were  Hill 
for  preferving  the  form  of  that  machine  in  thofe  liars 
v/hich  conllitute  Bootes. 

This  conllellation  is  called  by  various  other  names  ; 
as  Arcas^  Ar£lophylax,  Ar Burns -Minor,  Bubulcus,  Bu- 
luliis,  Cams-Latrans,  Claniator,  Icarus,  Lycaon,  Phi- 
lometus,  Plaujirl-Cujios,  Plorans,  Phegnls,  /dnA  Vocife- 
rator ; by  Blefychius  it  is  called  Orion,  and  b}^  the 
Arabs  Aramech,  or  Archamech.  Schiller,  iiillead  of 
Bootes,  makes  the  figure  of  St.  Sylvefler ; Schick- 
hard,  that  of  Nimrod ; and  Weigelius,  the  three 
Swedifn  crov/ns.  See  Wolf.  Lex  Math.  p.  1O6. 

BORE,  of  a gun,  or  other  piece  of  ordnance,  is 
the  chafe,  cylinder,  or  hollow  p^art  of  the  piece. 

BOREAL  Signs,  are  Are  firil  fix  figns  of  the 
Zodiac,  or  thofe  on  the  northern  fide  of  the  equinoc- 
tial ; viz,  the  figns  T aries,  b tauriis,  n gemiiii, 
cancer,  ^ leo,  Vfg  virgo. 

BOREALIS,  Aurora.  See  Aurora  Borealis. 

BORELLI  (John  Alphonso),  a celebrated  phi- 
lofopher  and  mathematician,  born  at  Naples  the  28th 
of  January  1608.  He  was  profelTor  of  philofophy 
and  mathematics  in  fome  of  the  mod  celebrated  uni- 
verfities  of  Italy,  particularly  at  Florence  and  Pila, 
wdrere  he  became  highly  in  favour  with  the  princes  of 
the  lioufe  of  Medicis.  But  having  been  concerned  in 
the  revolt  of  Meffina,  he  was  obliged  to  retire  to 
Rome,  where  he  fpent  the  remainder  of  his  life  under 
the  protedlion  of  Chriftina  queen  of  Sweden,  who  ho- 
noured him  with  her  friendlhip,  and  by  her  liberality 
towards  him  foftened  the  rigour  of  his  hard  fortune, 
lie  continued  two  years  in  the  convent  of  the  regu- 
lar clergy  of  St.  Pantaleon,  called  the  Picv.s  Schools, 
where  he  inllrufted  the  youth  in  mathematical  llu- 
clies.  And  this  lludy  he  profeciited  with  great  diligence 
for  many  years  afterward,  as  appears  by  his  correfpon- 
dence  with  feveral  ingenious  mathematicians  of  his 
time,  and  the  frequent  mention  that  has  been  made 
of  him  by  others,  wffio  have  endeavoured  to  do  jufiice 
to  his  memory.  Lie  wrote  a letter  to  Mr.  John  Col- 
lins, in  wffiich  he  difcovers  his  great  defire  and  endea- 
vours to  promote  the  improvement  of  thofe  fciences : 
he  alfo  fpcaks  of  his  correfpondence  with,  and  great 
affedlion  for,  Mr.  Heniy  Oldenburgh,  Secretary  of  the 
Royal  Society  ; of  Dr.  Wallis  ; of  the  then  late  learn- 
ed Mr.  Boyle,  and  lamented  the  lofs  fullained  by  his 
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death  to  the  commonwealth  of  learning.  Mr.  Baxterj, 
in  his  Enquiry  into  the  Nature  of  the  Human  Soul,  make^ 
frequent  ufe  of  our  author’s  book  P)e  Motu  Animalium, 
and  tells  us,  that  he  was  the  firfl  who  difcovered  that 
the  force  exerted  within  the  body  prodigiouily  exceeds 
the  weight  to  be  moved  wn'thout,  or  that  nature  em- 
ploys an  immenfe  power  to  move  a fmall  weight. 
But  he  acknowledges  that  Dr.  James  Keil  had  ffiewii 
that  Borelli  w^as  miltaken  in  his  calculation  of  the  force 
of  the  m.ufcle  of  the  heart  but  that  he  nevertlielefs 
ranks  him  with  the  molt  authentic  writers,  and  fays 
he  is  feldom  miflaken  : and,  having  remarked  that  it 
is  fo  far  from  being  true,  that  great  things  are  brought 
about  by  fmall  powers,  that,  on  the-  contrary,  a ilu- 
pendoLis  power  is  manifeft  in  the  moil  ordinary  opera- 
tions of  nature,  he  obferves  that  the  ingenious  Bo* 
relli  firil  obferved  this  in  animal  motion  ; and  that  Dr. 
Stephen  Hales,  by  a courfe  of  experiments  in  hns 
Vegetable  Statics,  had  ffiewn  the  fame  in  the  force  of 
the  afcending  fap  in  vegetables. 

After  a courfe  of  unceafing  labours,  Borelli  died  at 
Pantaleon  of  a pleurify,  the  3ifl  of  December  1679, 
at  72  years  of  age. 

Befide  feveral  books  on  phyfical  fubje£ls,  Borelli 
publiffied  the  following  mathematical  ones  : viz. 

1.  Apollonii  Pergsei  Coiiicorum  Lib.  5,  6,  & 7. 
Eloren.  1661,  fol. 

2.  Theoriae  Medicorum  Planetarum  ex  caufis  phyfi- 
CIS  deduflas.  Flor.  1666,  qto. 

3.  De  Vi  Perciiffionis.  Bologna,  1667,  qto. — This 
piece  was  reprinted,  with  his  celebrated  treatife  De 
Motu  Animalium,  and  that  other  De  Motionibus  Na- 
turalibus,  in  1686. 

4.  Euclides  Reilitutus,  &c,  Pifa,  1668,  4to. 

5.  Oifervatione  intorno  alia  viilu  inegiiali  degli  Occi. 
— This  piece  Avas  inferted  in  the  Journal  of  Rome,  for 
the  year  1669. 

6.  De  Motionibus  Naturalibus  de  Gravitate  penden- 
tibus.  Regio  Julio,  1670,  qto. 

7.  Meteorologia  Aetnea,  &c.  Regio  Julio,  1670, 
4to. 

8.  Oifervatione  dell’  Eccliffi  Lunare,  1 1 Gennaro 
1675. — Inferted  in  the  Journal  of  Rome  1675,  p.  34. 

9.  Elementa  Conica  Appollonii  Perg^ei,  & Archi- 
medis  Opera,  nova  & breviori  methodo  demonilrata. — ^ 
Printed  at  Rome  in  1679,  in  izmo,  at  the  end  of  the 
3d  edition  of  his  Euclides  Reilitutus. 

10.  De  Motu  Animalium.  Pars  prima  in  1680, 
and  Pars  altera  in  1681,  4to. — ^'Phefe  were  reprinted 
at  Leyden  1685;  revifed  and  purged  from  many  er- 
rors ; with  tlie  addition  of  John  Bernoulli’s  Mathema- 
tical Meditations  concerning  the  Motion  of  the  Muf- 
cles. 

ji.  At  I^eyden,  1686,  in  410,  a more  corredl  and 
accurate  edition,  revifed  by  J.  Broen,  M.  D.  of  Ley- 
den, of  his  two  pieces,  De  Vi  Perciifnonis,  & De 
Motionibus  de  Gravitate  pendentibus. 

BOUGUER  (Petep.),  a celebrated  French  mathe- 
matician, w'^as  born  at  Croific,  in  Lower  Bretagne, 
the  loth  of  February  1698.  He  was  the  fon  of  John 
Bouguer,  ProfeFor  Royal  of  Hydrography,  a tolera- 
bly good  mathematician,  and  author  of  A complete 
Treatife  on  Navigation.  Young  Bouguer  w'as  accuf- 
tomed  to  learn  mathematics  from  his  father,  from  the 

time 
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time  He  was  able  to  ipeak,  and  thus  became  a profi- 
cient in  thole  fciences  while  he  was  yet  a child.  He 
was  fent  very  early  to  the  Jefuits’  college  at  Vannes, 
where  he  had  the  honour  to  iniiriicl  his  regent  in  the 
mathematics,  at  eleven  years  of  age. 

Two  years  after  this  he  had  a public  conteft  with  a 
profehbi  of  mathematics,  upon  a ])roporition  which 
the  latter  had  advanced  erroueoufly  ; and  he  triumphed 
over  him  ; upon  wliich  the  profeffor,  unable  to  bear 
the  difgrace,  left  the  country. 

Two  years  after  this,  when  young  Bouguer  had  not 
yet  finilned  his  iludiis,  he  loll  his  father;  whom  he 
was  appointed  to  fucceed  in  his  oflice  of  hydrographer, 
after  a public  examination  of  his  qiialif  cations  ; being 
tlien  only  15  years  of  age;  an  occupation  which  he 
difcliarged  with  great  refpect  and  dignity  at  that  early 

In  ini’],  at  tlie  age  of  29,  he  obtained  the  prize 
propofed  by  the  Academy  of  llciences,  for  the  bed  way 
of  mailing  of  fliips.  This  liril  fuccefs  of  Bouguer  was 
foon  after  followed  by  two  others  of  the  fame  kind  ; 
he  fucceffively  gained  the  prizes  of  1729  and  1731  ; 
the  former,  for  the  bed  manner  of  obferving  at  fea  the 
height  of  the  dars,  and  the  latter,  for  the  mod  advan- 
tageous way  of  obferving  the  declination  of  the  mag- 
netic needle,  or  the  variation  of  the  compafs. 

In  1729,  he  gave  an  Optical  lljjay  upon  the  Grada- 
tion of  Light ; a fubjefl  quite  new,  in  which  he  exa- 
mined the  intcnfity  of  light,  and  determined  its  de- 
grees of  diminution  in  j)a{i'ing  through  different  pel- 
lucid mediums,  and  particularly  that  of  the  fun  in 
traverfing  the  earth’s  atmofphere.  Mairan  gave  an  ex- 
tra6l  of  this  dill  effay  in  the  Journal  des  Savuns, 
in  1730. 

In  this  fame  year,  1730,  he  was  removed  from  the 
port  of  Croific  to  that  of  Havre,  which  brought  him 
into  a nearer  conneblion  with  the  Academy  of  Sci- 
ences, in  which  he  obtained,  in,ri73i,  the  place  of  af- 
fociate  geometrician,  vacant  by  the  promotion  of  Maii- 
pertiiis  to  that  of  penfioner  ; and  in  1735  he  was  pro- 
moted to  the  office  of  penfioner-adronomer.  I’he 
fame  year  he  was  fent  on  the  commiflion  to  South 
America,  along  with  Meffieiirs  Godin,  Condamine, 
and  JeulTieii,  to  determine  the  meafiire  of  the  degrees 
of  the  meridian,  and  the  figure  of  the  earth.  In  this 
painful  and  troublefome  bufinefs,  of  10  years  duration, 
chiefly  among  the  lofty  Cordelier  mountains,  our  au- 
thor determined  many  other  new  circum.ftances,  be- 
fide  the  main  objedl  of  the  voyage  ; fuch  as  the  ex- 
panfion  and  contraCilon  of  metals  and  other  fubftances, 
by  the  fudden  and  alternate  changes  of  heat  and  cold 
among  thofe  mountains  ; obfervations  on  the  refraction 
of  the  atmofphere  from  the  tops  of  the  fame,  with  the 
fingiilar  phenomenon  of  the  fudden  increafe  of  the  re- 
fraClion,  when  the  liar  can  be  obferved  below'  the  line 
of  the  level ; the  laws  of  the  denfity  of  the  air  at  dif- 
ferent heights,  from  obfervations  made  at  different 
points  of  thefe  enormous  mountains  ; a determination 
that  the  mountains  have  an  effeCl  upon  a plummet, 
though  he  did  not  affign  the  exaCl  quantity  of  It ; a 
method  of  eftimating  the  errors  committed  by  naviga- 
tors in  determining  their  route  ; a new  conffruClIon  of 
the  log  for  meafuring  a fhip’s  way  ; with  feveral  other 
ufeful  improvements. 


Other  inventions  of  Bouguer,  made  upon  different 
occafions,  were  as  follow : 7^he  iieliometer,  being  a 
telefcope  with  two  objeCl  glafies,  affording  a good 
method  of  meafuring  the  diameters  of  tlie  larger  pla- 
nets with  eafe  and  exaClnefs : his  refearches  on  the 
figure  In  which  tw'o  lines  or  two  long  ranges  of  paral- 
lel trees  appear ; his  experiments  on  the  famous  reci- 
procation of  the  pendulum  : and  thofe  upon  the  man- 
ner of  meafuring  the  force  of  the  light : ^c,  &c. 

The  clofe  application  wdiicli  Bouguer  gave  to  ffiidy, 
undermined  his  health,  and  terminated  his  life  the 
15th  of  Augull  1758,  at  60  years  of  age. — His  chief 
w’oiks,  that  liave  been  publlflied,  are, 

1.  The  Figure  of  the  Earth,  determined  by  the 
obfervations  made  in  South  America  ; 1749,  in  4to. 

2.  Treatife  on  Navigation  and  Pilotage  ; Paris, 
1752,  In  4to.  This  w'ork  has  been  abridged  by  M. 
La  Caille,  In  i volume,  8vo,  1768. 

3.  Treatife  on  Ships,  their  ConffruClion  and  Mo- 
tions ; In  4to,  1756. 

4.  Optical  Treatife  on  the  Gradation  of  In’ght  ; 
fiiit  in  1729  ; then  a new'  edition  in  1760,  in  4to. 

His  papers  that  w'ere  inferted  in  the  Memoirs  of  the 
Academy,  are  very  numerous  and  important : as,  in 
the  Memoirs  for  1726,  Comparifon  of  the  force  of  the 
folar  and  lunar  light  with  that  of  candles. — I73i» 
Obfervations  on  the  curvilinear  motion  of  bodies  in 
mediums. — 1732,  Upon  the  new  curves  called  the 
lines  of  purfiiit. — 1733»  To  determine  the  fpecies  of 
conoid,  to  be  cqnftruded  upon  a given  bafe  w'hich  Is 
expofed  to  the  fhock  of  a fluid,  fo  that  the  Impulfe 
may  be  the  leall  poflible. — Determination  of  the  orbit 
of  comets. — 1734>  Comparifon  of  the  two  laws  which 
the  earth  and  the  other  planets  muff  obferve  in  the 
figure  W'hich  gravity  caufes  them  to  take. — On  the  curve 
lines  proper  to  form  the  arches  In  domes. — 1 735>  Obfer- 
vations on  the  equinoxes. — On  the  length  of  the  pen- 
dulum.— 1736,  On  the  length  of  the  pendulum  in  the 
torrid  zone.- — On  the  manner  of  determining  the  figure 
of  the  earth  by  the  meafure  of  the  degrees  of  latitude 
and  longitude. — I739j  On  the  aftronomical  refrac- 
tions In  the  torrid  zone.- — Obfervations  on  the  lunar 
ecllpfe,  of  the  8th  of  vSeptember  1737,  made  at  Quito. 

■ — 1744?  Short  account  of  the  voyage  to  Peru,  by  the 
members  of  the  Royal  Academy  of  Sciences,  to  mea- 
fure the  degrees  of  the  meridian  near  the  equator, 
and  from  thence  to  determine  the  figure  of  the  earth, 

- — 1745»  Experiments  made  at  QjLiIto  and  divers  other 
places  In  the  torrid  zone,  on  the  expanfion  and  con- 
tradlion  of  metals  by  heat  and  cold.- — On  the  problem 
of  the  mafling  of  fhips. — 1746,  Treatife  on  ihips, 
their  ftruclure  and  motions, — On  the  impulfe  of  fluids 
upon  the  fore  parts  of  pyramidoids  having  their  bafe  a 
trapezium. — Continuation  of  the  (hort  account  given 
in  1744,  of  the  voyage  to  Peru  for  meafuring  the 
earth. — 1747,  On  a new  confl;ru6lIon  of  the  log,  and 
other  inftruments  for  meafuring  the  run  of  a fhip.' — • 
1748,  Of  the  diameters  of  the  larger  planets.  The 
new  inilrument  called  a heliometer^  proper  for  deter- 
mining them  ; w'ith  obfervations  of  the  fun. — Ob- 
fervation  of  the  ecllpfe  of  the  moon  the  8th  of  Au- 
guft  1748. — 1 749>  Second  memoir  on  allronomical 
refractions,  obferved  in  the  torrid  zone,  w'lth  remarks 

on  the  manner  of  conflruCling  the  tables  of  them 
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Figure  of  the  ea,rth  determined  by  MM.  Boiiguer 
and  Condamine,  wnth  an  abridgment  of  the  expedition 
to  Peru. — 1750,  Obfervation  of  the  lunar  eclipfe  of 
the  13th  of  December  1750.' — I75i>  On  the  form  of 
bodies  moft  proper  to  turn  about  tliernfelves,  when 
they  are  puflied  by  one  of  their  extremities,  or  any 
other  point. — On  the  moon’s  parallax,  with  the  ef- 
timation  of  the  changes  cauied  in  the  parallaxes 
by  the  hgure  of  the  earth. — Oblervation  of  the  lunar 
eclipfe,  the  2d  of  December  1751. — 1752,  On  the  ope- 
rations made  by  feamen,  called  1753, 

Obfervation  of  the  paffage  of  Mercury  over  the  fun, 
the  6th  of  May  1753. — On  the  dilatations  of  the  air  in 
the  atmofphere.- — ^New  treatife  of  navigation,  contain- 
ing the  theory  and  praffice  of  pilotage,  or  working 
of  fhips.' — 1754?  Operations,  &c,  for  diftinguiihing, 
among  the  different  determinations  of  the  degree  of 
the  meridian  near  P’aris,  that  which  ought  to  be  pre- 
ferred.'— On  the  direftion  which  the  ffriiig  of  a plum- 
met takes.' — Solution  of  the  chief  problems  in  the 
working  of  fnips.— 1755,  On  the  apparent  magnitude 
of  obje^s. — Second  memoir  on  the  chief  problems  in 
the  working  of  fhips. — 1757>  Account  or  the  treatife 
on  the  working  of  fhips.' — On  the  means  of  meafuring 
the  light. — 1758,  His  Eulogy. 

In  the  volum.es  of  the  prizes  given  by  the  academy, 
are  the  following  pieces  by  Bouguer ; 

In  vol.  I,  on  the  mailing  of  drips. — ^Vol.  2,  On  the 
method  of  exadlly  obferving  at  fea  the  height  of  the 
ftars  ; and  the  variation  of  the  compafs.  Alfo  on  the 
caufe  of  the  inclination  of  the  planets’  orbits. 

BOULTINE,  in  Architefture,  a convex  mbuld- 
ing,  of  a quarter  of  a circle,  and  placed  next  below 
the  plinth  in  the  Tufcan  and  Dorick  capital. 

BOW,  an  offenlive  weapon  made  of  wood,  horn, 
fleel,  or  other  elaftic  matter,  by  which  arrows  are 
thrown  with  great  force.  This  inftrument  was  of  very 
ancient  and  general  ufe,  and  is  (till  found  among  all 
favage  nations  who  have  not  the  ufe  of  fire  arms,  by 
which  it  has  been  fuperfeded  amiong  us.  There  are 
two  fpecies  of  the  Bow,  the  Long^  and  the  Crofs  Bow. 

The  Long  Bow  is  fimply  a bow,  or  a rod,  with  a 
firing  faftened  to  each  end  of  it,  to  the  middle  of 
which  the  end  of  an  arrow  being  applied,  and  then 
drawn  by  the  hand,  on  fuddenly  quitting  the  hold, 
the  bow  returns  by  means  of  its  elafticity,  and  impels 
the  arrow  from  the  firing  with  great  violence.  The 
old  Englifh  archers  were  famous  for  the  long  bow,  by 
means  of  which  they  gained  many  vidlories  in  France 
and  elfe where. 

The  Crofs  Bow,  called  alfo  arhalejl  or  arlalet,  is  a 
bow  flrung  and  fet  in  a fhaft  of  wood,  and  furnifhed 
with  a trigger  ; ferving  to  throw  bullets,  darts,  and 
large  arrows,  &c.  The  ancients  had  large  machines 
for  throwing  many  arrows  at  once,  called  arbalets,  or 
baTifca, 

The  force  of  a bow  may  be  calculated  on  this  prin- 
ciple, that  its  fpring,  i,  e.  the  power  by  which  it  re- 
flores  itfelf  to  its  natural  pofition,  is  always  propor- 
tional to  the  fpace  or  diflance  it  is  bent  or  removed 
from  it. 

Bow,  a mathematical  inftrument  formerly  ufed  at 
~fea  for  taking  the  fun’s  altitude.  It  confiiled  of  a 
large  arch  divided  into  90  degrees,  fixed  on  a ftaff, 


and  furnifhed  with  three  vanes,  viz,  a fide  vane,  a 
fight  vane,  and  a horizon  vane. 

-Compafs,  an  inftrument  for  drawing  arches  of 
very  large  circles,  for  which  the  common  compaffes 
are  too  fmall.  It  confifts  of  a beam  of  wood  or  brafs, 
with  three  long  ferevvs  that  govern  or  bend  a lath  of 
wood  or  fleel  to  any  arch. 

BOX  AND  Needle,  the  fmall  compafs  of  a theodo- 
lite, circumferentor,  or  plain-table. 

BOYAU,  in  Fortification,  a ditch,  covered  by  a 
parapet,  and  ferving  as  a communication  between  two 
trenches.  It  runs  parallel  to  the  works  of  the  body 
of  the  place  ; and  ferves  as  a line  of  contravallation, 
both  to  hinder  the  fallies  of  the  befieged,  and  to  fe- 
cure  the  miners.  When  it  is  a particular  cut  runnincr 
from  the  trenches,  to  cover  fome  fpot  of  ground,  it  is 
drawn  fo  as  not  to  be  enfiladed  or  fcoured  by  the  ene- 
my’s fhot. 

BOYLE  (Robep.t),  one  of  the  grea'eft  philofo- 
phers,  as  well  as  bed  men,  that  any  country  has  ever 
produced,  was  the  7th  fon  and  the  14th  child  of 
Richard  earl  of  Cork,  and  was  born  at  Lifmore  in  the 
province  of  Munfter  in  Ireland,  the  25th  of  January, 
162 6~7  ; the  very  year  of  the  death  of  the  learned 
Lord  Bacon,  whofe  plans  of  experimental  philofophy 
our  author  afterwards  fo  ably  leconded.  While  very 
young,  he  was  inftrudled  in  his  father’s  houfe  to  read 
and  write,  and  to  fpeak  French  and  Latin.  In  1635, 
when  only  8 years  old,  he  was  lent  over  to  England, 
to  be  educated  at  Eton  fchool.  Here  he  foon  dif- 
covered  an  extraordinary  force  of  underftanding,  with  a 
difpofition  to  cultivate  and  improve  it  to  the  utmoft. 

After  remaining  at  Eton  between  3 and  4 years, 
his  father  fent  our  author  and  his  brother  Francis,  in 
1638,  on  their  travels  upon  the  continent.  They 
paffed  through  France  to  Geneva,  where  they  fet- 
tled for  fome  time  to  purfue  their  ftudies : here  our 
author  refumed  his  acquaintance  with  the  elements  of  ^ 
the  mathematics,  which  he  had  commenced  at  Eton 
when  10  years  old,  on  occafion  of  an  illnefs  which 
prevented  his  other  ufual  ftudies. 

In  the  autumn  of  1641,  he  quitted  Geneva,  and 
travelled  through  Switzerland  and  Italy  to  Venice, 
from  Avhence  he  returned  again  to  Florence,  where  he 
fpent  the  winter,  ftudying  the  Italian  language  and 
hiftory,  and  the  works  of  the  celebrated  aftronomer 
Galileo,  who  died  in  a village  near  this  city  during 
Mr.  Boyle’s  reftdence  here. 

About  the  end  of  March  1642,  he  fet  out  from 
Florence,  vifited  Rome  and  other  places  in  Italy,  then 
returned  to  the  fouth  of  France.  At  Marfeilles,  in 
May  1642,  Mr.  Boyle  received  letters  from  his  father, 
which  informed  him  that  the  rebellion  had  broken  out 
in  Ireland,  and  with  how  much  difficulty  he  had  pro- 
cured 250I.  then  remitted  to  help  him  and  his  brother 
home.  This  remittance  however  never  reached  them, 
and  they  were  obliged  to  return  to  Geneva  with  their 
governor  Mr.  Marcombes,  who  contrived  on  his  own 
credit,  and  by  felling  fome  jewels,  to  raife  money 
enough  to  fend  them  to  England,  where  they  arrived 
in  1644.  On  their  arrival  they  found  that  their  father 
was  dead,  and  had  left  our  author  the  manor  of  Stal- 
bridge  in  England,  with  fome  other  confiderable  ef- 
tates  in  Ireland* 
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Prom  this  time  Mr.  Boyle^s  chief  refidence,  for 
fome  years  at  leaft,  was  at  his  manor  of  Stalbridge, 
from  whence  he  made  occafional  excurfions  to  Oxford, 
London,  &:c  ; applying  himfelf  with  great  induftry  to 
various  kinds  of  ftudies,  but  efpecially  to  philofophy 
and  chemiftry  ; and  feizing  every  opportunity  of  cul- 
tivating the  acquaintance  of  the  molt  learned  men  of 
his  time.  He  was  one  of  the  members  of  that  fmall 
but  learned  body  of  men  who,  when  all  academical 
iludies  were  interrupted  by  the  civil  wars,  fecreted 
themfelves  about  the  year  1645  5 private 

meetings,  firll  in  London,  afterwards  at  Oxford,  to 
cultivate  fubjedlis  of  natural  knowledge  upon  that  plan 
of  experiment  which  Lord  Bacon  had  delineated. 
They  ftyled  themfelves  then  T/6e  Ph'ilojophic  College  ; 
but  after  the  relloration,  when  they  were  incorpo- 
rated, and  dillinguilhed  openly,  they  took  the  name 
of  the  Royal  Society. 

In  the  fummer  of  1654  he  retired  to  fettle  at  Ox- 
ford, the  Philofophical  Society  being  removed  from 
London  to  that  place,  that  lie  might  enjoy  the  con- 
verfation  of  the  other  learned  members,  his  friends, 
who  had  retired  thither,  fuch  as  Wilkins,  Wallis, 
Ward,  Willis,  Wren,  &c.  It  was  during  his  relidence 
here  that  he  improved  that  admirable  engine  the  air- 
pump  ; and  by  numerous  experiments  was  enabled  to 
difcover  feveral  qualities  of  the  air,  fo  as  to  lay  a foun- 
dation for  a complete  theoi-y.  He  declared  againft 
the  philofophy  of  Ariftotle,  as  having  in  it  more  of 
wmrds  than  things  ; promifing  much,  and  performing 
little  ; and  giving  the  inventions  of  men  for  indubitable 
proofs,  inftead  of  building  upon  obfervation  and  experi- 
ment. He  was  fo  zealous  for  this  true  method  of  learn- 
ing by  experiment,  and  fo  careful  about  it,  that  tliough 
the  Cartefian  philofophy  then  made  a great  noife  in 
the  world,  yet  he  could  never  be  perfuaded  to  read  the 
works  of  Defcartes,  for  fear  he  (hould  be  amufed  and 
led  away  by  plaufible  accounts  of  things  founded 
on  conjefture,  and  merely  hypothetical.  But  pliilofo- 
phy,  and  enquiries  into  nature,  though  they  engaged 
his  attention  deeply,  did  not  occupy  him  entirely  ; as 
he  ftill  continued  to  purfue  critical  and  theological 
fludies.  He  had  offers  of  preferment  to  enter  into 
holy  orders,  by  the  government,  after  the  relloration. 
But  he  declined  the  offer,  choofing  rather  to  purfue  his 
fludies  as  a layman,  in  fuch  a manner  as  might  be  molt 
effectual  for  the  fupport  of  religion  ; and  began  to 
communicate  to  the  world  the  fruits  of  thefe  Iludies. 
Thefe  fruits  were  very  numerous  and  Important,  as 
well  as  various  : the  principal  of  which,  as  well  as  of 
fom.e  other  mem.orable  occurrences  of  his  life,  were 
nearly  in  the  following  order. 

In  1660  came  out,  i.  New  experiments,  phyfico- 
mechanical,  touching  the  fprlng  of  the  air  and  its  ef- 
fefts. — 2.  Seraphic  love  ; or  fome  motives  and  incen- 
tives to  the  love  of  God,  pathetically  difeourfed  of  in 
a letter  to  a friend.  A work  winch  it  has  been  'faid 
was  owing  to  his  courtiliip  of  a lady,  the  daughter  of 
Cary  earl  of  Monmouth  ; though  our  author  was  never 
married.- — 3.  Certain  phyfological  effays  and  other 
tradls,  in  1661.1 — 4.  Sceptical  chemifl,  1662;  reprinted 
about  the  -year  1679,  ''^dth  the  addition  of  divers  expe- 
riments and  notes  on  the  produciblencfs  of  chemical 
principles. 


In  the  year  1663,  the  Royal  Society  being  incor- 
porated by  king  Charles  the  2d,  Mr.  Boyle  was  named 
one  of  the  council ; and  as  he  might  juflly  be  reckoned 
among  the  founders  of  that  learned  body,  fo  he  con- 
tinued one  of  the  moft  ufeful  and  induftrious  of  its 
memibers  during  the  whole  courfe  of  his  life.  His  next 
publications  were,  5.  Confderations  touching  the  ufe- 
fulnefs  of  expenmental  natural  philofophy,  1663. — 

6.  Experiments  and  confiderations  upon  colours  ; to 
which  was  added  a letter,  containing  Obferv^ations  on 
a diamond  that  fliincs  in  the  dark,  1663.  This  treatife 
is  full  of  curious  and  ufeful  remarks  on  the  hitherto 
unexplained  dodlrine  of  light  and  colours  ; in  which  he 
Hiews  great  judgment,  accuracy,  and  penetration  ; and 
which  may  be  faid  to  have  led  the  way  to  Newton,  who 
made  fuch  great  difeoveries  in  that  branch  of  phyfics. — 

7.  Confiderations  on  the  ilyle  of  the  holy'  feriptures, 
1663.  This  was  an  extradi  from  a larger  work,  in- 
titled  An  effay  on  feripture  ; which  was  aftenvards 
pubhfhed  by'-  Sir  Peter  Pett,  a friend  of  Mr.  Boyle’s. 

In  1664  he  was  eletfed  into  the  company  of  the 
royal  mines  ; and  was  all  this  year  occupied  in  profe- 
cuting  various  good  defigns,  which  was  probably  the 
reafon  that  he  did  not  publifh  any  works  in  this  year. 
Soon  after  came  out,  8.  Occafional  refledlions  upon 
feveral  fubjedls,  1665.  This  piece  expofed  our  author 
to  the  cenfure  of  the  celebrated  Lean  Swilt,  who,  to 
ridicule  thefe  difeourfes,  wrote  pious  meditation  upon 
a Iroorrjlicl’i  in  the  Jlyle  of  the  honourable  Mr.  Boyle.- — 
9.  New  experiments  and  obfervations  upon  cold,  1665. 
— 10.  Hydrollatlcal  paradoxes  made  out  by  new  expe- 
riments, for  the  moll  part  phyfical  and  eafy,  1666. — 
II.  The  origin  of  forms  and  qualities,  according  to 
the  corpufcular  philofophy,  1666.- — Botli  in  this  and 
the  former  y'ear,  our  author  communicated  to  his  friend 
Mr.  Oidenburgh,  then  fecretary  to  the  Royal  Society', 
feveral  curious  and  excellent  Ihort  pieces  of  his  own, 
upon  a great  variety  of  fubjecls,  and  others  1 ranfmitted 
to  him  bvhis  learned  friends,  which  are  printed  in  the 
Philof.  tranf. 

In  the  y'ear  1668  Mr.  Boyle  refolvcd  to  fettle  in’ 
London  for  life  ; and  for  that  purpofe  he  removed  to 
the  houfe  of  his  filler,  the  lady  Ranelagh,  in  Pall-Mall. 
This  removal  was  to  the  great  benefit  of  the  learned  in 
general,  and  particularly  of  the  Royal  Society^,  to  whom 
he  gave  great  and  continual  afiillance,  as  abundantly' 
appears  by  the  feveral  pieces  communicated  to  them-: 
from  time  to  time,  and  printed  in  -iheir  Tranfadlions. . 
To  avoid  imprcjier  walle  of  time,  he  had  fet  hours  in 
the  day  appointed  for  receiving  fuel',  peri'ons  as  wanted 
to  confult  him,  either  for  their  own  alTillance,  or  to 
communicate  new  difeoveries  to  him  : And  he  befides 
kept  up  an  extenfive  correfpondence  with  the  moil 
learned  men  in  Europe  ; fo  that  it  is  wonderful  how 
he  could  bring  out  fo  many  new  works  as  he  did.  His« 
next  publications  were,  12.  A continuation  of  new  ex- 
periments touching  the  weight  and  fprlng  of  the  air  ; 
to  which  is  added,  A difeourfe  of  the  atmofphere  of 
confillent  bodies,  1669. — 13.  Tradls  about  the  cofmi- 
cal  qualities  of  things  ; cofmical  fufpicions  ; the  tem- 
perature of  the  fubterraneous  regions ; the  bottom  of 
the  fea  ; to  which  is  prefixed  an  ihtrodudlion  to  the 
hillory'^  of  particular  qualities,  1669.' — 14.  ConJidera- 
tions  on  the  ufefulnefs  of  experimental  and  natural  phi- 
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lofopliy,  the  2d  part,  1671. — 15.  A coIIe6lion  of  tracts 
upon  feveral  ufefiil  and  important  points  of  pra6tical 
philofoplij,  1671. — 16.  An  cday  upon  the  origin  and 
virtues  of  gems,  1672. — 17.  A colleclionof  traAs  upon 
the  relation  between  flame  and  air ; and  feveral  other 
tifeful  and  carious  fiibjedfs,  1672.  Befides  furnifhing, 
in  this  and  the  fonner  year,  a number  of  fh.ort  differta- 
tions  upon  a great  variety  .of  topics,  addreffed  to  the 
Royal  Society,  and  inferted  in  their  Tranfaftions. — 
18.  Efi'ays  on  the  ftrange  fubtllty,  great  efficacy,  and 
determinate  nature,  of  effluvia  ; with  a variety  of  expe- 
riments on  other  fubjefts,  1673. — ^9*  The  excellency 
of  theology  compared  with  philofophy,  1673.  This 
difcourfe  was  written  in  the  year  1665,  while  our  au- 
thor, to  avoid  the  great  plague  which  then  raged  in 
Rondon,  was  forced  to  go  from  place  to  place  in  the 
country,  having  little  or  no  opportunity  of  confulting 
his  books. — 20.  A colledtion  of  tradfs  upon  the  faltnefs 
of  the  fea,  the  moifture  of  the  air,  the  natural  and  preter- 
natural {late  of  bodies  ; to  which  is  prefixed  a dialogue 
concerning  cold,  1674. — 21.  A colledlion  of  tradls  con- 
taining fufpicions  about  hidden  qualities  of  the  air ; 
with  an  appendix  touching  celeftial  magnets  ; animad- 
verfioiis  upon  Mr.  Hobbes’s  problem  about  a vacuum  ; 
a difcourfe  of  the  caufe  of  attradlion  and  fudlion,  1674. 

■ — 22.  Some  confiderations  about  the  reafonablenefs  of 
rcafon  and  religion  ; by  T.  E.  (the  final  letters  of  his 
names).  To  which  is  annexed  a difcourfe  about  the 
poffibility  of  the  refurredtion  ; by  Mr.  Boyle,  1675. 
T'he  fame  year  feveral  papers  communicated  to  the 
Royal  Society,  among  which  were  two  upon  quick- 
filver  growing  hot  wuth  gold. — 23.  Experiments  and 
notes  about  the  mechanical  origin  or  produdlion  of 
particular  qualities,  in  feveral  difcourfes  on  a great  va- 
liety  of  fubjedls,  and  among  the  reft  on  eledtricify, 
1676. — He  then  communicated  to  Mr.  Hook  a 
fhort  memorial  of  fome  obfervations  made  upon  an  ar- 
tificial fubftance  that  Ihines  without  any  preceding  il- 
lullration  ; publifhed  by  Hook  in  his  Led  tones  Cut- 
lerian<£. — 24.  Hiftorical  account  of  a degradation  of 
gold  made ’by  an  anti-elixir. — 25.  Aerial  nodliluca  ; or 
fome  new  phaenomena,  and  a procefs  of  a fadlitious 
felf-fhining  fubftance,  1680.  This  year  the  Royal  So- 
ciety, as  a proof  of  the  juft  fenie  of  his  great  worth, 
and  of  the  conftant  and  particular  fervices  which  through 
a courfe  of  many  years  he  had  done  them,  made  choice 
of  him  for  their  prefident ; but  he  being  extremely, 
and,  as  he  fays,  peculiarly  tender  in  point  of  oaths,  de- 
clined that  honour.' — •26.  Difcourfe  of  things  above 
reafon  ; inquiring,  whether  a phiiofopher  ffiould  admit 
any  fuch,  168 1.- — 27.  New  experiments  and  obferva- 
tions upon  the  icy  nodliluca  ; to  which  is  added  a che- 
mical paradox,  grounded  upon  new  experiments,  mak- 
ing it  probable  that  chemical  principles  are  tranfmiita- 
ble,  fo  that  out  of  one  of  them  others  may  be  produced, 
1682.' — 28.  A continuation  of  new  experiments,  phy- 
fico-mechanical,  touching  the  fpring  and  weight  of  the 
air,  and  their  effedls,  1682. — 29.  A fhort  letter  to  Dr. 
Beale,  in  relation  to  the  making:  of  freffi  water  out  of 
fait,  1683. — 3*^*  Memoirs  for  the  natural  hiftory  of  hu- 
man blood,  efpecially  the  fpirit  of  that  liquor,  1684.-— 
31.  Experiments  and  confiderations  about  the  porofity 
of  bodies^  1684.- — 32.  Short  memoirs  for  the  natural 
^experimental  hiftory  of  mineral  waters,  &c,  1685.^ 
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33.  An  effay  on  the  great  effedls  of  even  languid  and 
unheeded  motion,  dec,  1685.-34.  Of  the  reconcileable- 
nefs  of  fpecific  medicines  to  the  corpufcular  philofophy, 
&c,  1685. — 35.  Of  the  high  veneration  man’s  intelledl 
owes  to  God,  peculiarly  for  his  wifdom  and  power,  1 685. 
— 36.  Free  inquiry  into  the  vulgarly  received  notion  of 
nature,  i636. — 37.  The  martyrdom  of  Theodora  and 
Didymia,  1687.  A work  he  had  drav/n  up  in  his 
youth. — 38.  A difqiiifition  about  the  final  caufes  of 
natural  things,  and  about  vitiated  light,  1688. 

Mr.  Boyle’s  health  declining  very  much,  he  abridged 
greatly  his  time  given  to  converfations  and  communica- 
tions v/ith  other  perfons,  to  have  more  time  to  prepare 
for  the  prefs  fome  others  of  his  papers,  before  his 
death,  which  were  as  follow  : — 39.  Medicina  Hyurojla- 
tlca,  &c,  1690.' — 40,  The  Chriftian  virtuofo,  &c,  1690* 
41.  Experiment  a et  Ohferniationes  PhyftcSj  &c,  1691  ; 
which  is  the  laft  work  that  he  publifhed. 

Mr.  Boyle  died  on  the  laft  day  of  December  of  the 
fame  year  1691,  in  the  65th  year  ot  his  age,  and  was 
buried  in  St.  Martin’s  church  in  the  Fields,  Weftmin- 
fter  ; his  funeral  ferrnon  being  preached  by  Dr.  Gilbert 
Burnet  biffiop  of  Salifbury  ; in  Avhich  he  difplayed  the 
excellent  qualities  of  our  author,  with  many  circum- 
ftaiices  of  his  life,  fi^c.  But  as  the  limits  of  this  work 
will  not  allow  us  to  follow  the  bifhop  in  the  copious 
and  eloquent  account  he  has  given  of  this  great  man’s 
abilities,  we  muft  content  ourfelves  with  adding  the 
following  fliort  eulogium  by  the  celebrated  phyfician, 
phiiofopher,  and  chemift.  Dr.  Boerhaave  ; who,  after 
having  declared  lord  Bacon  to  be  the  father  of  experi- 
mental philofophy,  afferts,  that  “ Mr.  Boyle,  the  orna- 
ment of  his  age  and  country,  fucc ceded  to  the  genius 
and  inquiries  of  the  great  chancellor  Verulam.  Which, 
fays  he,  of  Mr.  Boyle’s  writings  ffiall  I recommend  ? 
All  of  them.  To  him  we  owe  the  fecrets  of  fire,  air, 
water,  animals,  vegetables,  foffils : fo  that  from  his 
works  may  be  deduced  the  whole  fyftem  of  naturaR 
knowledge.” 

Mr,  Boyle  left  alfo  feveral  papers  behind  him,  which 
have  been  publifhed  fmce  his  death.  Beautiful  editions 
of  all  his  works  have  been  printed  at  London,  in  5 vo- 
lumes folio,  and  6 volumes  4to.  Dr.  Shaw  alfo  pub- 
liflied  in  3 volumes  4to,  the  fame  v/orks  “ abridged, 
methodized,  and  difpofed  under  the  general  heads  of 
Phyfics,  Statics,  Pneumatics,  Natural  Hiftory,  Chy- 
miftry,  and  Medicine  to  which  he  has  prefixed  a fhort 
catalogue  of  the  philofophical  writings,  according  to 
the  order  of  time  when  they  were  firft  publifhed,  &c, 
as  follows  : 

Phyfico-mechanical  experiments  on  the  fpring 


and  weight  of  the  air  - - - l66l 

The  Sceptical  Chymift  « - 1661 

Phyfiological  Effays  - - 1662 

Hiftory  of  Colours  - - 1663 

Ufefulnefs  of  Experimental  Philofophy  1663 

Hiftory  of  Cold  f - - 1667 

Hiftorical  Paradoxes  - 1666 

Origin  of  Forms  and  Qualities  - - 1.666 

Cofmical  Qualities  - - 1670 

The  admirable  Rarefacftion  of  the  air  1670 

The  Origin  and  Virtues  of  Gems  - 1672 

The  Relation  betwixt  Flame  and  Air  • 1672 

Efflux 
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Efiluviums 

w> 

1673 

Saltnefs  of  the  Sea 

167+ 

Hidden  Qualities  in  the  Air 

1674 

The  ExcelTence  &c  of  the  Mechanical  Hypo- 

thefis 

- 

1674 

Confiderations  on  the  RefurreClion 

- 

1675 

Particular  Qiialities 

- 

1676 

Aerial  Nofliluca 

1680 

Icy  Nodliluca 

- 

1680 

Things  above  Pveafon 

m 

1681 

Natural  HiffoiT  of  Human  Blood 

1684 

Porofity  of  Bodies 

m 

1684 

Natural  Fliffory  of  Mineral  Waters 

1684 

Specific  Medicines 

m 

i68e 

The  High  Veneration  due  to  God 

- 

1685 

Languid  Motion 

m 

1685 

The  Notion  of  Nature 

- 

1685 

Final  Caufes 

- 

1688 

Medicina  Hydroffatica 

m 

1690 

The  Chriffian  Virtuoio 

- 

1690 

EKperimenta  & Obfervationes  Phyficae 

1691 

Natural  Hillory  of  the  Air 

m 

1692 

Medicinal  Experiments  . 

- 

1718 

BRADLEY  (Dr.  James),  a celebrated  Englifli 
ailronomer,  the  third  Ion  of  William  Bradley,  was 
born  at  Sherborne  in  Gloucefterlhire  in  the  year  1692. 
He  was  fitted  for  the  uihverfity  at  Northleach  in  the 
fame  county,  at  the  boarding  fchcol  of  Mr.  Egles  and 
Mr.  Brice.  From  thence  he  was  fent  to  Oxford,  and 
admitted  a commoner  of  Baliol  college  March  15, 
1710  ; where  he  took  the  degree  of  bachelor  the  14th 
of  Oflober  1714,  and  cf  mailer  of  arts  the  2iil  of 
Januaiy  1716.  His  friends  intending  him  for  the 
church,  his  lludies  were  regulated  with  that  view  ; and 
as  foon  as  he  was  of  a proper  age  to  receive  holy  or- 
ders, the  bifnop  of  ILreford,  who  had  conceived  a 
great  efteem  for  him,  gave  him  the  living  of  Bridilow, 
and  foon  after  he  was  indudled  to  that  of  Landewy 
Welfry  in  Pembrokcfliire. 

He  was  nephew  to  Mr.  Pound,  a gentleman  well  known 
in  the  learned  world,  by  many  excellent  agronomical  and 
other  obfervations,  and  who  would  liave  enriched  it  much 
more,  if  the  journals  of  his  voyages  had  not  been  burnt 
at  Pulo  Condor,  when  the  place  wnis  fet  on  fire,  and 
the  Englilh  who  were  fettled  there  cruelly  maffacred, 
Mr.  Pound  hlmfelf  very  narrowly  efcaping  with  his  life. 
With  this  gentleman,  at  Wanilcad,  Mr.  Bradley  pafled 
all  the  time  that  he  could  ipare  from  tlie  duties  of  his 
funftion  ; being  then  fulfu'lently  acquainted  with  the 
mathematics  to  improve  by  Mr.  Pound’s  converfat:on. 
It  may  eafily  be  imagined  that  the  example  and  con- 
verfation  of  this  gentleman  did  not  render  Bradley  more 
fond  of  his  profelfion,  to  which  he  had  before  no  great 
attachment ; he  continued  however  as  yet  to  fulfil  the 
duties  of  it,  though  at  this  time  he  had  made  fuch  ob- 
fervations  as  laid  tlie  foundation  of  thofe  difeoveries 
which  afterward  diftinguiflied  him  as  one  of  the 
greateft  aftronomers  of  his  age.  Thcfe  obfervations 
gained  him  the  notice  and  friendfiiip  of  the  lord  chan- 
cellor Macclesfield,  Mr.  Newton  afterward  Sir  Ifaac, 
Mr.  Flalley,  and  many  other  members  of  the  Royal 
Society,  into  which  he  was  foon  aftes  defied  a mem- 
ber. 

Soon  after,  the  chair  of  Savilian  profelTor  of  allro- 


] 

nomy  at  Oxford  became  vacant,  by  the  death  of  the 
celebrated  Dr.  John  Keil ; and  Mr.  Bradley  was  defied 
to  fucceed  him  on  the  3ill  of  Oflober  1721,  at  29 
years  of  age  : his  colleague  being  Mr.  Halley,  who  w^as^ 
profdfor  of  geometry  on  the  fame  foundation.  Upon 
this  appointment,  Mr.  Bradley  refigned  his  church 
livings,  and  applied  himfdf  wholly  to  the  lludy  of  his 
favourite  fcience.  In  the  courle  of  his  obfervations, 
which  were  innumerable,  he  difeovered  and  iettled  the 
laws  of  the  alterations  of  the  fixed  Ears,  from  the  progref- 
five  motion  of  light,  combined  with  the  earth’s  annual 
motion  about  the  fun,  and  the  nutation  of  the  earth’s 
axis,  arifing  from  the  unequal  attraflion  of  the  fun  and 
moon  on  the  different  parts  of  the  earth.  The  former 
or  thefe  effefls  is  called  the  aberration  of  the  fixed 
ftars,  the  theory  of  which  he  publifhed  in  1727  ; and 
the  latter  the  nutation  of  the  earth’s  axis,  the  theory  of 
which  appeared  in  1737  : lo  that  in  the  fpace  of  about 
10  years,  he  communicated  to  the  world  two  of  the 
finell  difeoveries  in  modern  affronomy  ; which  will  for 
ever  make  a memorable  epoch  in  the  hilloi*y  of  that 
fcience.  See  Aberration  and  Nutation. 

In  1730  our  author  fucceeded  IMr.  Whitefide,  as- 
ledlurer  in  affronomy  and  experimental  philofophy  in 
the  hlufeiim  at  Oxford:  which  was  a confiderable  emo- 
lument to  him,  and  which  he  held  till  within  a year  or 
two  of  his  death  ; when  the  ill  ilate  of  his  health  in- 
duced him  to  refign  it. 

Our  author  always  preferved  the  effeem  and  friend- 
fhip  off  Dr.  Halleys  who,  being  worn  out  by  age  and 
infirmities,  thought  he  could  not  do  better  for  the  fer- 
vice  of  ailronomy,  than  procure  for  Mr.  Bradley  the 
place  of  regius  prolelfor  of  affronomy  at  Greenwich, 
which  he  himfelf  had  many  years  poffeffed  with  the 
greateff  reputation.  With  this  view  he  wrote  many 
letters,  defiring  Mr.  Bradley’s  permilfion  to  apply  for 
a grant  of  the  reverfion  of  it  to  him,  and  even  oti'ered 
to  refign  it  in  his  favour,  if  it  fhould  be  thoug'lit  ne- 
esffary  ; but  Dr.  Halley  died  before  he  could  accom- 
plifh  this  kind  objetil.  Our  author  liowever  obtained 
the  place,  by  the  intereff  of  lord  Macclesfield,  who  was 
afterward  ]>refi dent  of  the  Royal  Society  ; and  upon  this 
appointment  the  univerfity  of  Oxford  font  him  a diplo- 
ma of  dodlor  of  divinity. 

The  appointment  of  afironomer  royal  at  Greenwich, 
which  was  dated  the  3d  of  February  1 741-2,  placed 
our  author  in  his  proper  element  ; and  he  purfued  his 
obfervations  with  unwearied  diligence.  However  nu- 
meroiis  the  collcclion  of  affronomical  inffruments  at 
that  obfervatory,  it  was  impoffible  that  fucli  an  obfer- 
ver  as  Dr.  Bradley  fhould  not  defire  to  increafe  tliem, 
as  well  to  arifwer  tlufe  particular  views,  as  in  general 
to  make  obfim/ations  with  greater  exavffntfs.  In  the 
year  1748  therefore,  he  took,  the  opportunity  of  tiie 
vifit  of  the  Royal  Society  to  the  obfervatory,  annually 
made  to  examine  tlie  inffruments  and  receive  the  pro- 
feffor’s  obfervations  for  the  year,  to  reprefent  fo  ffrongly 
the  neceffity  of  repairing  the  old  inffruments,  and  pro- 
viding new  ones,  that  the  fociety  thought  proper  to 
make  application  to  the  king,  who  was  pleafed  to  or- 
der ICGO  pounds  for  that  piirpofe.  This  fum  was  laid 
out  under  the  direction  of  our  author,  who,  with  the 
affjffance  of  the  late  celebrated  Mr.  Graham  and  rvir. 
Bird,  furnifhed  the  obfervatory  with  as  complete  a col- 
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Ie6lion  of  afli'onomical  inltriiments,  as  the  mod  flcilful 
and  diligent  oblerver  could  delire.  Dr.  Bradley,  thus 
furnilhed  with  fuch  affiilance,  purfued  his  obfervations 
with  great  afliduity  during  the  reft  of  his  life ; an  im- 
menfe  number  of  which  was  found  after  his  death,  in 
1 3 folio  volumes,  and  vv^ere  p^-efented  to  the  univerfity 
oi  Oxford  in  the  year  1776,  on  condition  of  their 
printing  and  publifliing  them  ; but  which  however,  un- 
fortunately for  the  improvement  of  aftronomy,  now 
after  a lapfe  of  almoft  20  years,  has  never  yet  been 
done. 

During  Dr.  Bradley’s  refidence  at  the  Royal  Ob- 
fervatory,  the  living  of  the  church  at  Greenwich  be- 
came Vacant,  and  was  offered  to  him  : upon  his  re^ufmg 
to  accept  it,  from  a confcientious  fcruple,  “ that  the 
duty  of  a paftor  was  incompatible  wnth  his  other 
ftudies  and  neceffary  engagements,”  the  king  was 
pleated  to  grant  him  a penlion  of  250 1.  over  and  above 
the  aftronomer’s  original  falary  from  the  Board  of  Ord- 
nance, “ in  conlideration  (as  the  ftgn  manual,  dated 
the  15th  Feb.  1752,  expreffes  it)  of  his  great  ikill  and 
knowledge  in  the  feveral  branches  of  aftronomy  and 
other  parts  of  the  mathematics,  which  have  proved  lo 
ufeful  to  the  trade  and  navigation  of  this  kingdom.” 
A penfion  which  has  been  regularly  continued  to  the 
aftronomers  royal  ever  fmce. 

About  1748,  our  author  became  entitled  to  bifhop 
Crewe’s  benefaction  of  30 1.  a year,  to  the  ledfure  reader 
in  experimental  philofophy  at  Oxford,  fie  was  eledled 
a member  of  the  Academy  of  Sciences  at  Berlin,  in 
1 747  ; of  that  at  Paris,  in  1 748  ; of  that  at  Peterfburgh, 
in  1754;  and  of  that  at  Bologna,  in  1757* 
married  in  the  year  1 744)  but  never  had  more  than  one 
child,  a daughter. 

By  too  clofe  application  to  ftudy  and  obfervations, 
Dr.  Bradley  became  affliffed,  for  near  two  years  Be- 
fore his  death,  with  a grievous  oppreflion  on  his  fpi- 
rits  ; which  interrupted  his  ufeful  labours.  This  dif- 
trefs  arofe  chiefly  from  an  apprehenfion  that  he  fhould 
outlive  his  rational  faculties  : but  this  fo  much  dreaded 
evil  never  came  upon  him.  In  June  1762  he  was 
feized  with  a fuppreffion  of  urine,  occafioned  by  an  in- 
flammation in  the  reins,  which  terminated  his  exiftence 
the  13th  of  July  following.  Plis  death  happened  at 
Chalfont  in  Gloucefterfhire,  in  the  70th  year  of  his 
age  ; and  he  was  interred  at  Minchinhampton  in  the 
fame  county. 

As  to  his  character,  Dr.  Bradley  was  remarkable  for 
a placid  and  gentle  modefty,  very  uncommon  in  per- 
fons  of  an  adtive  temper  and  robuft  conftitution.  Al- 
though he  was  a good  fpeaker,  and  jioffeffed  the  rare 
but  happy  art  of  exp  re  fling  his  ideas  v/ith  the  utmoft 
precifion  and  clearnefs,  yet  no  man  w^as  a greater  lover 
of  fiience,  for  he  never  ipoke  but  v/hen  he  thought  it 
abfolutely  neceffary.  Nor  was  he  more  inclined  to 
w^rite  than  to  fpeak,  as  he  has  publifhed  very  little  : he 
had  a natural  diffidence,  wdiich  made  him  always  afraid 
that  his  works  might  injure  his  cliaradler  ; fo  that  he 
fuppreffed  many  which  might  have  been  worthy  of 
publication. 

Flis  papers,  wBich  have  been  inferted  in  the  Pliilof. 
Tranf.  are, 

I.  Obfervations  on  the  comet  of  1703.  VoL  33, 
p.  41.  ' 


2f.  The  longitude  of  Lifaon  and  of  the  fort  of  New 
York  from  Waiifted  and  London  determined  by  the 
eclipfe  of  the  flrft  fatellite  of  Jupiter.  Vol.  34,  p.  85. 

3.  An  account  of  a new  difeovered  Motion  of  the 

Fixed  Stars.  Vol.  35,  p.  637.  ’ 

4.  On  the  Going  of  Clocks  evith  Ifochronal  Pendu- 
lums. Vol.  38,  p.  302. 

5-.  Obfervations  on  the  Comet  of  1736-7.  Vok 
40,  p.  1 1 1. 

6.  On  the  apparent  Motion  of  the  fixed  Stars.  Vol. 
45»  P* 

7.  On  the  Occultation  of  Venus  by  the  Moon,  the 
15th  of  April  1751.  Vol.  46,  p.  201. 

8.  On  the  Comet  of  1757.  Vol.  50,  p.  408. 

9.  Diredtions  for  iifing  the  Common  Micrometer. 
Vol.  62,  p.  46. 

BRADV/ARDTN  (Thomas),  archbifliop  of  Can- 
terbury, v/as  born  at  Flartiield  in  Suffex,  about  the 
clofe  of  the  13th  century.  He  was  educated  at  Mer- 
ton College,  Oxford,  where  he  took  the  degree  of 
dodfor  of  divinity  ; and  acquired  the  reputation  of  a 
profound  fcholar,  a flcilful  mathematician,  and  confum- 
mate  divine.  It  has  been  faid  he  was  profeffor  of  di- 
vinity at  Oxford  ; that  he  was  chancellor  of  the  diocefe 
of  London,  and  confeflorto  Edward  the  3d,  whom  he 
conftantly  attended  during  his  war  with  France.  After 
his  return  from  the  war,  he  was  made  prebendary  of 
Lincoln,  and  afterward  archbiihop  of  Canterbury.  He 
died  at  Lambeth  in  the  year  1349,  forty  days  after  his 
confccration.  Fils  works  are,  i.  De  Caufa  Dei,  printed 
London  1618,  publiflied  by  J.  Fi.  Savii. — 2.  De  Geo- 
metria  fpeciilathva,  LV.  Paris,  1495,  1512,  1530. — 
3.  De  Arithmeticn  pratlica,  Paris,  1502,  1512. — ^4.  De 
Propertionibus,  Paris,  1495.  Venice,  1505,  folio. — 

5.  De  ^uadratura  Circidi,  Paris,  1495,  folio. 

BRAHE  (Tycho),  a celebrated  aftronomer,  de* 
feended  from  a noble  family  originally  of  Sweden  but, 
fettled  in  Denmark,  was  born  the  14th  of  December 
1546,  at  Knudftorp  in  the  county  of  Schonen,  near 
Helfimbourg.  He  was  taught  Latin  when  y years 
old,  and  ftudied  5 years  under  private  tutors.  His  fa- 
ther dying  while  our  author  was  very  young,  his  uncle, 
George  Brahe,  having  no  children,  adopted  him,  and 
fent  him,  in  1559,  to  ftudy  philofophy  and  rhetoric  at 
Copenhagen.  The  great  eclipfe  of  the  fun,  on  the  21ft 
of  Auguft  1560,  happening  at  the  precife  time  the  af- 
tronomers had  foretold,  he  began  to  conflder  aftronomy 
as  fomething  divine  ; and  purchafmg  the  tables  of  Sta- 
dius,  be  gained  fome  notion  of  the  theory  of  the  planets. 
In  1562  he  was  lent  by  his  uncle  to  Leipfic  to  ftudy 
the  law,  where  his  acquirements  gave  manifeft  indica- 
tions of  extraordinary  abilities.  His  natural  inclina- 
tion however  wac  to  the  ftudy  of  the  heavens,  to  which 
he  applied  himfelf  fo  afliduoufly,  that,  notwithftanding 
the  care  of  his  tutor  to  keep  him  clofe  to  the  ftudy  of 
the  law,  he  made  ufe'  of  every  means  in  his  power  for 
improving  his  knowledge  of  aftronomy  ; lie  purchafed 
with  his  pocket  money  whatever  books  lie  could  meet 
with  on  the  fubjedt,  and  read  them  vyith  great  atten- 
tion, procuring  afliftance  in  difficult  cafes  from  Bartho- 
lomew Scultens  his  private  tutor ; and  having  procured 
u fmall  celeftiai  globe,  he  took  opportunities,  when  his 
tutor  was  in  bed,  and  when  the  weather  was  clear,  to 
examine  the  conftellations  in  the  heavens,  to  karn  their 
c names 
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rraiRes  from  tlie  globe,  and  their  motions  from  obferva* 
tiom 

After  a courfe  of  3 years  fludy  at  Leipfic,  his  uncle 
dying*,  he  returned  home  in  1565.  In  this  year  a dif- 
ference arifmg  between  Brahe  and  a Danilh  nobleman, 
they  fought,  and  our  author  had  part  of  his  nofe  cut 
off  by  a blow ; a defedf  which  he  fo  artfully  fupplied 
with  one  made  of  gold  and  filver,  that  it  was  not  per- 
ceivable. About  this  time  he  began  to  apply  himfelf 
to  chemiilry,  propofmg  nothing  lets  than  to  obtain  the 
philoforher’s  done.  But  becoming  greatly  difguiled 
to  fee  the  liberal  arts  defp>ifed,  and  finding  his  own  re- 
lations and  friends  unealy  that  he  applied  himfelf  to 
aftronomy,  as  thinking  it  a lludy  uniuitabie  to  aperion 
of  his  quality,  he  went  to  Wirtemberg  in  1566,  from 
whence  tlie  breaking  out  of  the  plague  foon  occafioned 
his  removal  to  Roilock,  and  in  1569  to  Augiburg, 
where  he  was  vifted  by  Peter  Ramus,  then  profefibr 
of  aftronomy  at  Paris,  and  who  greatly  admired  his 
uncommon  ikill  in  this  fcience. 

In  1571  he  returned  to  Denmark;  and  was  favoured 
by  his  maternal  uncle,  Steno  Bdles,  a lover  of  learning, 
with  a. convenient  place  at  his  caltle  of  Herritzvad  near 
Knudftorp,  for  making  his  obfervations,  and  building 
a laboratory.  And  here  it  was  he  difeovered,  in  1573, 
a new  ftar  in  the  conkellation  Caliiopeia.  But  foon 
after,  his  marr)  ing  a country  girl,  beneath  his  rank, 
occafioned  fo  violent  a quarrel  between  him  and  his  re- 
lations, that  the  king  was  obliged  to  interpofe  to  re- 
concile them. 


In  1574,  by  the  king’s  command,  he  read  ieclures 
at  Copenhagen  on  the  theory  of  the  planets.  The  year 
following  he  began  his  travels  through  Germany,  and 
proceeded  as  far  as  Venice.  He  then  refolved  to  re- 
move his  family,  and  fettle  at  Bafil ; but  I'rederic  the 
2d,  king  of  Denmark,  being  informed  of  his  defign, 
and  unwilling  to  ioie  a man  who  was  capable  of  doing 
fo  much  honour  to  his  country,  he*  promiled  to  enable 
him  to  purfue  bis  ftudies,  and  bellowed  upon  him  for 
life  the  iilaud  ofPIuen  in  the  Sound,  and  proinifed  tliat 
an  obfervatory*  and  laboratory  fhould  be  built  for  him, 
with  a fiipply  of  money  for  carrying  em  his  dcfigns  : and 
accordingly  the  hrft  flone  of  the  obfervatory  was 
laid  the  Bth  of  Augull  1576,  under  the  name  of 
(Jranibourg:  The  king  alfo  gave  him  a penfion  of 
2COO  crowns  out  of  his  treafury,  a fee  in  Norway,  and 
a canonry  of  Rofhild,  which  brought  him  in  loco 
more.  This  fituation  he  enjoyed  for  the  fpace  of 
about  20  years,  purfuing  liis  obfervations  and  lludies 
with  great  indnitry* : here  he  kept  alwayS;in  his  houfe 
ten  or  twelve  young  men,  who  aPhiled  him  in  liis  ob- 
fervatiens,  and  whom  he  inflrudled  in  allronomy  and 
mathematics.  Here  it  was  that  he  received  a vifit 
from  James  the  6th,  king  of  Scotland,  afterward  James 
t'ne  ill  of  England,  having  come  to  Denmark  to  efpoufe 
Anne,  daughter  of  Frederick  the  2d : James  made 
our  author  feme  noble  preients,  and  wrote  a copy  of 
Eatin  verfes  in  his  praife. 

Brahe’s  tranquillity  however  in  this  happy  fituation 
was  at  length  fatally  interrupted.  Soon  after  the  death 
ot  king  Frederick,  by  the  afperfions  of  envious  and 
malevolent  miniflers,  he  was  deprived  of  his  penhon, 
fee,  and  canomy,  in  1596.  Being  thus  rendered  in- 
capable of  fupporting  the  expences  of  his  tllablifh- 
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ment,  he  quitted  his  favourite  Uraniboiirg,  and  with- 
drew to  Copenhagen,  with  fome  of  his  inftruraents, 
and  contiriued  his  allronomical  obfervations  and  che- 
mical experiments  in  that  city,  till  the  fame  malevolence 
procured  from  the  new  king,  Charles  the  4th,  an  or- 
der for  him  to  difeontinue  them,  I’liis  induced  him 
to  fall  upon  means  ot  being  introduced  to  the  emperor 
Rodolphus,  who  was  fond  of  mechanifm  and  chemi- 
cal experiments  : and  to  Imooth  the  way  to  an  inter- 
view, Tycho  now  publilhcd  his  book,  /iJh’Gnoma  irftdv- 
rata  Mechav.tca^  adorned  witli  figures,  and  dedicated  it 
to  the  emperor.  That  prince  received  him  at  PraguC 
with  great  civility  and  refpecl  ; gave  him  a magrrificent 
houfe,  till  lie  could  procure  one  for  him  more  dt  for 
allronomical  obfervations  ; he  alfo  atfigned  him  a pea- 
fion  of  3000  crowns  ; and  promifed  him  a fee  for  him- 
felt  and  Ills  defeendants.  Here  then  he  fettled  in  the  lat- 
ter part  of  1)98,  witli  his  Ions  and  fcholars,  and  among 
them  the  celelhrated  Kepler,  who  had  joined  him.  But 
he  did  not  long  enjoy  this  happy  fituation ; for, 
about  3 years  after,  he  died,  on  the  24th  of  Odober 
1601,  of  a retention  of  urine,  in  the  55th  year  or  his 
age,  and  was  interred  in  a very  magnificent  manner  in 
the  principal  church  at  Prague,  where  a noble  mb'nu- 
meiit  was  erefled  to  him  ; leaving,  befide  his  wife^  two 
foils  and  four  daughters.  On  the  approach  of  death, 
he  enjoined  his  fons  to  take  care  that  none  of  bis 
woiTo  ihould  be  loft  ; exhorted  the  ftudents  to  attend 
clofely  to  their  excrcifes  ; and  recommended  to  Kepler 
the  ftnilhing  of  the  Rudolphine  tables  he  had  con- 
ftruAed  for  regulating  the  motion  of  the  planets. 

Brahe’s  flvill  in  aftronomy  is  univcrfally  known  ; and 
he  is  famed  for  being  the  Inventor  of  a new  fyftem  cf 
the  planets,  which  he  endeavoured,  though  w’ithout 
fuccefs,  to  eftablifh  on  the  ruins  of  that  of  Copernicus. 
He  was  very  credulous  with  regard  to  iudicial  aftro- 
logy  and  prefages  : If  he  met  an  old -woman  when  he 
went  out  of  door?,  or  a hare  upon  the  road  on  a journey, 
he  would  turn  back  immediately,  being  pcrfuaded  that 
it  was  a bad  omen  : Alfo,  when  he  lived  at  Uranibourg, 
he  kept  at  his  houle  a madman,  whom  he  placed  at  bis 
feet  at  tabic,  and  fed  himfelf ; for  as  he  imagined  that 
every  ihmg  fpoken  by  mad  perfons  prefaged  fometliing, 
he  carefully  ohferved  all  that  this  man  fuid  ; and  be-' 
caute  it  fometimes  proved  true,  he  fancied  it  might  al- 
ways be  depended  on.  He  was  of  a very  irritable  dif- 
pofitlon  ; a mere  trifle  put  him  in  a paflion  ; and  againil 
perfons  of  the  f.rft  rank,  whom  he  thought  his  ene- 
mies, he  openly  difeovered  his  refentment.  Fie  was 
very  apt  to  rally  otliers,  bur  highly  provoked  when  the 
fume  liberty  was  taken  with  himfelf.- — The  principal 
part  of  his  writings,  according  to  Gaflendus,  are, 

I.  An  account  of  the  New  Star,  wliich  appeared 
Nov.  iith  1572,  in  Caliiopeia;  Copenh.  1573,  in  4to. 
— 2.  An  Oration  concerning  tire  Mathematical  Scien- 
ces, pronounced  in  tlie  unlverftty  of  Copenhagen,  in 
the  year  1574:  pnblifhtd  by  Conrad  Aflac,  of  Bergen 
in  Norway.- — 3.  A treatlfe  on  the  Comet  of  the  year 
1577,  immediately  after  it  difappearvd.  Niae  years 
afterward,  he  revifed  it,  and  added  a rotli  chanter. 
Planted  at  Uranibourg,  1589. — 4.  Another  treatife  on 
the  Nev/  Phenomena  of  the  heavens.  In  the  firft  part 
of  whicli  lie  treats  of  the  Reftitution,  as  he  calls  it,  of 
the  fun,  and  cf  the  fixed  ftars.  And  in  the  2d  part,  of 
^ d a New 
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a New  Star,  whicli  then  had  made  its  appeara,nce,-^ 
5,  A colleaicn  of  Aftronomkal  Epifiles : printed  in 
4t05  at  Uranibourg  in  1596  ? Nuremberg  in  1602  ; and 
at  Franckfort  in  1610.  it  was  dedicated  to  Maurice 
landgrave  of  IlefTe  ; becaufc  there  are  in  it  a coniider- 
able  number  of  letters  of  the  landgrave  Vi/  ihiam  hia 
father,  and  of  Chriftoplier  Rothmann,  the  mathema- 
tician of  that  prince,  to  Tycho,  and  of  Eycho  to  them. 
^6.  The  Mechanical  Principles  of  Aftronomy  rello- 
red:  Vvkndcibiirg,  1598,  in  fol'io. — 7.  An  Anfwer  to 
the  Letter  of  a certain  Scotchman,  concerning  the 
comet,  in  the  year  1577.. — 8.  On  the  compofition  of  an 
Elixir  for  the  Plague  ; addreffed  to  the  emperor  Ro- 
dolphus.- — 9.  An  elegy  upon  his  Exile  : Roftock,  1614, 
^to. — 10.  The  Rudolphine  Tables;  which  he  had  not 
finifhed  when  he  died ; but  were  revifed,  and  publiihed 
by  Kepler,  as  Tycho  had  defired. — 1 1.  An  accurate 
Enumeration  of  the  Fixed  Stars  : addreffed  to  the  em- 
peror Rodolphus. — 12.  A complete  Catalogue  of  1000 
of  the  Fixed  Stars  ; which  Kepler  has  inferted  in  the 
Rudolphine  Tables. — 13.  Htjloria  Cceleftis  ; or  a Hi f- 
tory  of  the  Heavens  ; in  two  parts  : Tlie  ift  contains 
the  Obfervations  he  had  made  at  Uranibourg,  in  16 


books  : The  latter  contains  the  Obfervations  made  at 
Wanded^urg,  Wittenberg,  Prague,  &c  ; in  4 books.— 
14.  Is  an  Epiftle  to  .Caller  Pucer  ; printed  at  Copen- 
hagen 1668. 

BRANCKER,  or  Branker  (Thomas),  an  emi- 
nent mathematician  of  the  17th  century,  fon  of  Thomas 
Brancker  fome  time  bachelor  of  arts  in  Exeter  College, 
Oxford,  was  born  in  Devonlhire  in  1636,  and  was  ad- 
mitted butler  of  the  faid  college  Nov.  8,  1652,  in  the 
17th  year  of  his  age.  In  1655,  June  the  15th,  he  took 
the  degree  of  bachelor  of  arts,  and  was  elebled  proba- 
tionary fellow  the  3*^^^  fame  month.  In  16^8, 

April  the  2 2d,  he  took  the  degree  of  mailer  of  arts, 
and  became  a preacher ; but  after  the  relloration,  re- 
fufing  to  conform  to  the  ceremonies  of  the  church  of 
England,  he  (quitted  his  fellowfhip  in  1662,  and  retired 
to  Cheller : But  not  long  after,  he  became  reconciled  to 
^be  fervice  of  the  church,  took  orders  from  a bifliop, 
and  v/as  made  a miniller  of  Whitegate.  He  had  how- 
ever, for  fome  time,  enjoyed  great  opportunity  and  lei- 
fiire  for  purfping  the  bent  of  his  genius  in  the  mathe- 
matical fciences  ; and  his  drill  both  in  the  mathematics 
and  chemillry  procured  him  the  favour  of  lord  Brere- 
ton,  who  gave  him  the  rectory  of  Tilllon.  He  was 
afterward  chofen  mailer  of  the  well-endowed  fchool  at 
Macclesfield,  in  that  county,  where  he  fpent  the  re- 
maining years  of  his  life,  which  was  terminated  by  a 
fhort  ilinefs  in  1676,  at  40  years  of  age  ; and  he  was 
interred  in  the  churen  at  ISdacclesfleld. 

Brancker  wrote  a piece  on  the  I)o6lrine  of  the 
Sphere,  in  Latin,  which  was  publiihed  at  Oxford  in 
1662  ; and  in  1668,  he  publiihed  at  London,  in  4to,  a 
trandation  of  Rhonius’s  Algebra,  with  the  title  of  Jn 
Jntrodualon  to  Algebra  ; which  treatife  having  commu- 
nicated to  Dr.  John  Pell,  die  received  from  him  fome 
affiftance  towards  improving  it ; which  he  generoudy 
acknowledges  in  a letter  to  Mr.  John  Collins ; with 
whom,  and  fome  other  gentlemen,  proficients  in  this 
feience,  he  continued  a correfpondence  during  his  life. 

BREACH,  in  Fortification,  a gap  or  opening  made 
in  any  part  of  the  works  of  a town,  by  the  cannon  or 


mines  of  the  befiegers,  with  intent  to  llorm  or  attack 
the  place. 

BREAKING  Ground^  in  Military  Affairs,  is  be- 
ginning the  works  for  carrying  on  the  fiege  of  a place ; 
more  tlpeclaily  the  beginning  to  dig  trenches,  or  ap- 
proaches. 

BREECH  of  a Gunj  the  hinder  part,  from  the  caf- 
cabel  to  the  lower  part  of  the  bore. 

13REREW001)  (Edward),  a learned  mathema- 
tician and  antiquary,  was  the  Ion  of  Robert  Brere- 
wood,  a reputable  tradefman,  who  was  three  times 
mayor  of  Cheller.  Our  author  was  born  in  that  city- 
in  1565,  where  he  was  educated  in  grammar  learning 
at  the  free  fchool ; and  was  afterward  admitted,  in 
1581,  of  Brazen-nofe  College,  Oxford;  where  he  foon 
acquired  the  charabler  of  a hard  fludent ; as  he  has 
fhewn  by  tlie  commentaries  he  wrote  upon  Arillotle’s 
Ethics,  which  were  written  by  him  about  the  age 
of  21. 

In  the  year  1596  he  was  chofen  the  firfl  Profelfor 
of  Allronomy  in'Grediam  College,  being  one  of  the 
two  who,  at  the  defire  of  the  eleclors,  were  recom- 
mended to  them  by  the  univerfity  of  Oxford.  He 
loved  retirement,  and  wholly  devoted  himfelf  to  the 
purfuit  of  knowledge.  And  though  he  never  publiihed 
any  thing  himfelf,  yet  he  was  very  communicative,  and 
ready  to  impart  what  he  knew,  to  others,  either  in 
converlation  or  in  writing.  His  retired  fituation  at 
Grefham  College  being  agreeable,  it  did  not  appear 
that  he  had  any  other  views,  but  continued  there  the 
remainder  of  his  life,  which  was  terminated  by  a fever 
the  4th  of  November  1613,  at  48‘years  of  age,  in  the 
midfl  of  his  purfiiits,  and  before  he  had  taken  proper 
care  to  colleft  and  digeil  his  learned  labours ; which 
however  were  not  loll ; being  reduced  to  order,  and 
publiflied  after  h IS  death.  Thefe  were  little  or  no- 
thing mathematical,  being  of  a mifcellaneous  nature, 
upon  the  feveral  fubjcbls  of  Weights,  Money,  Lan- 
guages, Religion,  Logic,  the  Sabbath,  Meteors,  the 
Eye,  Ethics,  &c. 

BRIDGE,  a work  of  carpentry  or  mafonty,  built 
over  a river,  canal,  or  the  like,  for  the  convenience  of 
paffing  from  one  fide  to  the  other ; and  may  be  con- 
fidered  as  a road  over  water,  fiipported  by  one  or  more 
arches,  and  thefe  again  fupported  by  proper  piers  or 
buttments.  Befides  thefe  effential  parts,  may  be  added 
the  paving  at  top,  the  banquet,  or  raifed  footway,  on 
each  fide,  leaving  a fufficient  breadth  in  the  middle  for 
horfes  and  carriages,  alfo  the  parapet  wall  either  with 
or  without  a baluflrade,  or  other  ornamental  and  ufeful 
parts.  The  breadtli  of  a bridge  for  a great  city 
Ihoiild  be  fucli,  as  to  allow  an  eafy  paffage  for  three 
carriages  and  two  horfemen  abfeaft  in  the  middle  way, 
and  for  3 foot  palfengers  in  the  fame  manner  on  each 
banquet : but  for  other  fmaller  bridges,  a lefs  breadth. 

Bridges  are  commonly  very  dilficult  to  execute,  on 
account  of  the  inconvenience  of  laying  foundations  and 
walling  under  water.  The  earliell  rules  and  inflruc- 
tions  for  building  of  bridges  are  given  by  Alberti,  in 
his  Archit.  i,  8.  Other  rules  were  afterwards  laid 
down  by  Palladio,  Serlio,  and  Scamozzi,  which  .are 
coIle6led  by  Blondel,  in  his  Cours  d!" Archil,  pa.  629 
&c.  The  bell  of  thefe  rules  were  alfo  given  by  Gold- 
man, Baukhurft,  and  in  Hawkefmoor’s  Hiftory  o£ 
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l-^ondon  Bridge-  IvL  Gautier  has  a confiderable  vo- 
lume exprefsly  on  bn'dgesj  aotient  and  modern.  See  alio 
Kiou’s  Short  Pnnciples  for  the  Architefliire  of  Ston^ 
fridges  ; ns  alfo  Emerfon,  Muller,  Labelye,  and  my 
own  Principles  of  Bridges. 

' The  conditions  required  in  a bridge  are,  That  it 
be  well  defigned,  commodious,  durable,  and  fuitably 
'decorated-  It  ihould  be  of  fuch  a height  as  to  be 
quite  com;enient  for  the  paifage  over  it,  and  yet  eafily 
admitting  through  its  arches  the  veiTels  that  navigate 
upon  it,  and  ail  the  water,  even  at  high  tides  and 
floods:  the  negleff.  of  this  precept  has  been  the  ruin 
of  many  bridges.  Bridges  are  commcrdy  continued  in 
a ibraight  direction  perpendicular  to  the  ftrcam  ; though 
lome  think  they  fhoukl  be  made  convex  towards  the 
ftream,  the  better  to  refill  fioeds,  &c.  And  bridges 
of  this  fort  have  been  executed  in  tome  places,  as 
Pont  St.  Efpvit  near  Lyons.  A.gnin,  a bridge  ihould 
not  be  made  in  too  narrow  a part  of  a navigable  river, 
Or  one  fubjedl  to  tides  or  floods ; beeaufe  the  breadth 
being  ftill  more  contrafled  by  the  piers,  this  will  in- 
creafe  the  depth,  velocity,  and  fall  of  the  water  undr  r 
tlie  arches,  and  endanger  tlie  avhoie  bridge  and  na’dga- 
tion. . There  ought  to  be  an  uneven  number  of  arches, 
or  an  even  number  of  piers ; both  that  the  middle  of 
the  ftream  or  chief  current  may  flew  freely  without  the 
interruption  of  a pier ; and  that  the  two  halves  of  the 
bridge,  by  gradually  rifing  from  the  ends  to  the  ni’d- 
dlei  may  there  meet  in  the  hi^heft  and  largeft  arch ; 
and  ^fo,  that  by.  bpiiig  open  in  the  middle,  the  eye 
in  viewing  it  may  look  dmecBy  through  there.  When 
the  middle  and  ends  are  of  different  heights,  their  difr 
ference  however  ought  not  to  be  great  in  proportion 
to  tfie  length,  tha^  the  afeent and defeent  maybe  eafy; 
and  an  that  cafe  alfo  it  is  more  beautiful  to  make  the 
top  in  'one  continued  curve,  than  two  ft.raight  lines 
forming  an  angle  in  the  riiiddle.  Bridges  ihould  imther 
be  0t  few’  and  large  arches,  than  of  many  fmallcr  ones, 
if  the  height  and  fituation  will  poffibly  allow  of  it ; for 
this  will  leave  more  free  pafTage  for  the  water  and  na- 
vigation, and  be  a great  faving  in  materials  and  labour, 
as  there  w’ill  be  fewer  piers  and  centres,  and  the  arches 
will  require  lefs  materials ; a remarkable  inftance  of 
wdiich  appears  in  the  difference  between  the  bridges  of 
Weftminfter  and  Blackfn’ars,  the  expence  of  the  former 
being  more  than  double  the  latter. 

. For  the  proper  executibn  of  a bridge,  and  making 
an  eftim.ate^of  tKe  expence,  3:c,  it  is  necefiaiT  to  have 
three  plans,  three  fcdlions,  and  an  elevation.  The  tliree 
plans  are  fo  many  horizontal  feffions,  viz,  firft  a jdan 
of  the  foundation  under  the  T>ierp,  v/ith  the  particular 
circumftances  attending  it,  tviiether  of  gratings,  plank', 
piles,  ; the.  2d  is  the  plan  cf  the  piers  and  archCvS  ; 
and  the  3d  is  the  plan  of  the  fuperftructlure,  with  the 
paved  road  and  banquet.  The  three  feftions  are  ver- 
tical ones  ; the  f rft  of  them,  a longitudinal  feflion 
from  end  to  end  of  the  bridge,  and  through  the  mid- 
dle of  the  breadth  ; the  2d  a tranfverfe  one,  or  acrofs 
It,  and  through  the  lummut  of  an  arch  ; and  the  3d 
alfo  acrofs,  but  taken  iipon  a pier.  The  elevation  is 
an  orthographic  projeftion  of  one  'fide  or  face  of  the 
bridge,  or  its  appearance  as  viewed  at  a diftaiice,  fhew- 
ing  the  exterior  afpeft  of  tlie  materials,  wuth  the  man- 
lier m v/hich  they  "are  difoofed  01  c. 
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For  the  figure  of  the  arches,  fome  prefer  the  femb 
circle,  though  perhaps  without  knowing  ajiy  good  rca- 
lon  why  ; others  the  elliptical  form,  as  having  many 
advantages  over  the  femi-circular ; and  fome  talk  of  the 
catenarian  arch,  though  its  pretended  advantages  are 
only  chimerical ; but  the  arch  of  equilibration  is  the  only 
perfetl  one,  fo  as  to  be  equally^  ftrong  in  eveiy  part : 
fee  my  Principles  of  Bridges.  The  piers  are  of  di  verfe 
tliicknefs,  according  to  the  figure,  fpazi,  and  height  of 
the  arches  ; as  may  be  feen  in  the  \zprk  above  men- 
tioned.   

b\rith  the  Romans,  the  repairing  and  building  of 
bridges  were  committed  to  the  priefts,  thence  named 
poniificcs ; next  to  the  cenfors,  or  rurators  of  the 
roatls  ; but  at  laft  the  emperors  took  th^  care  of  the 
bridges  into  their  own  hands.  Thus,  the  Pons  Jani- 
culcnfis  was  built  of  marble  by  Antoninus  Pius ; the 
Pons  Ceftius  was  reftored  by  Gordian  ; aiid  Arian 
built  a new  one  which  was  called  after  his  own  name. 
In  the  middle  a^e,  bridge-building  was  counted  among 
the  affs  of  religion  ; and,  tow’ard  the  end  of  the*  12th 
century,  St.  Beiic'zet  founded  a regular  order  *of  hof- 
pltallers,  under  the  name  of  pcrtijicesy  or  bridge-build- 
ers, wliofe  office  was  to  alfift  travellei-s',  by  inalring 
bridges,  fettling  ferries,  and  receiving  itrangers  into 
hofpitals,  or  houfes,  built  on  the  banks  of  rivers. 
\V e read  of  an  hofpital  of  this  kind  at  Avignon,  where 
the  hofpitallcrs  refided  under  the  dlrefrlon  of  their  firft 
fnperior  St.  Benezet : and  the  Jefuit  P..aynaldu3  has  a 
treatife  on  St.  John  tlie  bridge-builder.' 

Among  the  bridges  of  antiquity,  that  built  by  Tra- 
jan over  the  Danube,  it  is  allowed,  is  the  molt  magnifi- 
cent. It  was  demolifhed  ])y  his  next  fuccefTor  Adrian, 
and  the  ruins  are  ftill  to  be  feen  in  the  middle  of  the 
Danube,  near  the  city  Warhel  in  Hungaiy.  It  had 
20  piers,  of  fquare  ftonc,  each  of  which  was  150  feet 
high  above  the  foundation,  60  feet  in  breadtli,  and  170 
feet  diftant  from  one  another,  wdiich  is  the  fpan  or 
width  of  the  arches ; io  that  the  whole  len^h  of  the 
bridge  was  more  than  1530  yards,  cr  one  mile  nearly. 

In  France,  the  Pont  de  Garde  is  a very  Bold  ftruc- 
ture ; the  piers  being  only  13  feet  thick,  yet  ferving  to 
iupport  an  immenfe  weight  of  a triplicate  arcade,  and 
joining  two  mountains.  It  confifis  of  three  bridges, 
one  over  another ; the  uppeimoft  of  which  is  an  aque- 
duff. 

'Die  bridge  of  Avignon,  which  was  finiflied  in  the 
year  I T SB,  corififts  of  18  arches,  and  imeafures  1340 
paces,  or  about  icoo  yards  in  length. 

I'he  famous  bridge  at  Venice,^  called  the  Rialto, 
paiTes  for  a mafter  piece  of  art,  cohfifting  of  only  otic 
very  flat  and  bold  avcii,  near  ico  feet  fpan,  and  only 
23  feet  high  above  the  water:  it  was  built  in  1591. — 
Poulet  alfo  mentions  a bridge  of  a Angle  arcli,  in  the 
city  of  Munfter  in  Bothnia,  much  bolder  than  that  of 
the  Rialto  at  tVenicL  'Yti  fheie  are  nothing  to  a 
bridge  in  China,  built  from  one  mountain  to  another, 
confining  only  of  a fingic'  arch,  400  cubits  long,  and 
500  cubits  high,  wlience  it  is-  called  the  flying  bridge  ; 
and  a figure  of  it  is  given  in  the  Philof.  'rianf.  Kir- 
cher  alfo  fpeaks  of  a bridge  in  the  fame  country  360 
perches  long  without  any  arch,  but  fupported  by  3C0 
pillars. 

There  are  many  bridges  of  confiderable  note  in  out 
G g 2 own 
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own  country.  'Hie  triangular  bridge  at  Crowland  m 
J^incolnfbire,  it  is  faid,  is  the  molt  ancient  Gothic 
ftru<5ture  remaining  intire  in  the  kingdom ; and  v/as 
erefted  about  the  year  860. 

X.ondon  bridge  is  on  the  old  Gothick  ftniftiire,  with 
20  Imali  locks  or  arches,  each  of  only  20  feet  wide  ; 
but  there  are  now  only  1 8 open,  two  having  lately  been 
thrown  into  one  in  the  centre,  and  another  next  one 
fide  is  concealed  or  covered  up.  It  is  900  feet  long, 
60  high,  and  74  wide ; the  piers  are  from  25  to  34 
feet  broad,  with  darlings  projedling  at  the  ends ; fo 
that  the  greated  water-way,  when  the  tide  is  above  the 
darlings,  was  450  feet,  fcarce  half  the  breadth  of  the 
river ; and  below  the  darlings,  the  water-way  was  re- 
duced to  194  feet,  before  the  late  opening  of  the  centre. 
London  bridge  was  hrd  built  with  timber  between  the 
years  993  and  1026;  and  it  was  repaired,  or  rather 
new  built  with  timber,  1163.  The  done  bridge  was 
begun  in  1176,  and  finidied  in  1209.  It  is  probable 
there  were  no  houfes  on  this  bridge  for  upwards  of 
200  years  ; fince  we  i-ead  of  a tilt  and  tournament  held 
on  It  in  2395*  Houfes  it  feems  vrere  erefted  on  it 
afterwards ; but  being  found  of  great  inconvenience  and 
nuifance,  they  were  removed  in  1758,  and  the  avenues 
to  it  enlarged  and  the  whole  made  more  commodious ; 
the  two  middle  arches  were  then  thrown  into  one,  by 
removing  the  pier  from  between  them ; the  whole  re- 
pairs amounting  to  above  80,000 1. 

There  are  dill  fome  more  bridges  in  England  built 
m the  old  manner  of  London  bridge ; as  the  bridge  at 
Rochefter,  and  fome  others ; alfo  the  late  bridge  at 
Newcaftle  upon  Tyne,  which  was  broken  dowm  by  a 
great  flood  in  the  year  1771,  for  want  of  a fufficient 
quantity  of  water-way  through  the  arches. 

I'he  longed  bridge  in  England  is  that  over  the 
Trent  at  Burton,  built  in  the  1 2th  century,  of  fquared 
free-done,  and  is  drong  and  lofty ; it  contains  34  arch- 
es, and  the  whole  length  is  1545  feet.  But  this  falls 
far  fhort  of  the  wooden  bridge  over  the  Drave,  which 
according  to  Dr.  Brown  is  at  lead  5 miles  long. 

But  one  of  the  mod  lingular  bridges  in  Europe  is 
that  built  over  the  Taaf  in  Glamorgan fhire,  by  Wil- 
liam Edward,  a poor  country  mafon,  in  the  year  2756. 
This  remarkable  bridge  condds  of  only  one  dupendous 
arch,  which,  though  only  8 feet  broad,  and  35  feet 
high,  is  no  lefs  than  140  fpan,  being  part  of  a circle 
of  175  feet  diameter. 

There  is  alfo  a remarkable  bridge  of  one  arch,  built 
at  Cclebrook  Dale  in  1779,  of  cad  iron  : and  another 
dill  larger  of  the  fame  metal,  is  now  railing  over  the 
river  Wear,  at  Sunderland,  the  arch  being  of  240  feet 
fpan. 

Of  modern  bridges,  perhaps  the  two  fined  in  Eu- 
rope, are  the  Wedminder  and  Blackfriars  bridges  over 
the  river  Thames  at  London.  The  former  is  1220 
feet  long,  and  44  feet  \^ide,  having  a commodious 
broad  foot  path  on  each  fide  for  paffengers.  It  con-» 
fids  of  2 3 large  and  two  fmall  arches,  all  femicircidar, 
with  14  intennediate  piers.  The. arches  all  fpringf  om 
about  2 feet  above  low-v/ater  mark  ; the  tniddle  arch  is 
76  feet  wide,  and  the  others  on  each  fide  decreafe  al- 
ways by  4 feet  at  a time.  The  two  middle  piers  are 
each  17  feet  thick  at  the  fpringing  of  the  arches  | and 
the  others  decreafe  equally  on  each  fide  by  one  foot  at 


a time ; every  pier  terminating  with  a faliant  right 
angle  againlt  either  dream.  This  bridge  is  built  of 
the  bed  materials,  and  in  a neat  and  elegant  tade,  but 
the  arches  are  too  fmail  for  the  quantity  of  mafonry 
contained  in  it.  This  bridge  was  begun  in  1738,  and 
opened  in  1750  ; and  the  whole  fum  of  money  granted 
and  paid  for  the  erection  of  this  bridge,  with  the  pur- 
chafe  of  houfes  to  take  down,  and  wideninsr  the  ave-^ 

O 

nues,  &c,  amounted  to  389,500!. 

Blackfriars  bridge,  nearly  oppofite  the  centre  of  the 
city  of  London,  was  begun  in  1760,  and  was  com- 
pleted in  10  years  and  three  quarters;  and  is  an  ex- 
ceeding light  and  elegant  dructure,  but  the  materials 
unfortunately  do  not  feem  to  be  of  the  bed,  as  many 
of  the  arch  dones  are  decaying.  It  cqnfids  of  9 large, 
elegant,  elliptical  arches  ; the  centre  arch  being  100 
feet  wide,  and  thofe  on  each  fide  decreafing  in  a re^'u- 
lar  gradation,  to  the  fmalled,  at  each  extremity,  whicht. 
is  70  feet  wide.  The  breadth  of  the  bridge  is  42  feet, 
and  the  length  from  vrharf  to  v/harf  995.  The  upper 
furface  is  a portion  of  a very  large  circle,  which  forms 
an  elegant  figure,  and  is  of  conveniciit  padage  over  it- 
The  whole  expence  was  150,840!. 

There  are  various  forts  of  bridges,  of  done,  wood,  or 
metal,  of  boats  or  floats,  pendant  or  hanging  bridges, 
dravr  bridges,  flying  bridges,  &c,  &c,  and  even  natural 
bridges,  or  fuch  as  are  found  formed  by  nature,  of 
which  kind  a mod  wonderful  one  is  deferibed  by  Mr. 
Jefferfon,  in  his  State  of  Virginia}  and  another,  but 
fmaller,  is  deferibed  by  Don  Ulloa,  in  the  province  of 
Angaraez  in  South  America, 

BRIGGS  (Henry),  one  of  the  greateft  matbemsk- 
ticians  in  the  i6th  and  17th  centuries,  was  bom  at 
Warleywood,  near  Halifax,  in  Yorkfliirc,  in  1556, 
From  a grammar  fchool  in  that  country  he  was  feat  to 
St.  John’s  College,  Cambridge,  1579;  where  after 
taking  both  the  degrees  in  arts,  he  was  chefea  fellpw 
of  his  college  in  2588.  He  applied  himfelf  chiefly 'to 
the  dudy  of  the  mathematics,  in  which  be  greatly  ex- 
celled; in  confequence  in  1592  he  was  made  examiner 
and  lecturer  in  that  faculty ; and  foon  after,  reader  of 
the  phyfic  ledlure,  founded  by  Dr,  Linacer* 

Upon  the  fettlement  of  Grelham  College,  in  Lon» 
don,  he  v/as  chofen  the  firft  profeflbr  of  geometry 
there,  in  1596,  Soon  after  this,  he  conltru61:ed  a 
table,  for  finding  the  latitude,  from  the  variation  of  the 
magnetic  needle  being  given.  In  the  year  1609 
contrafted  an  acquaintance  with  the  learned  Mr.  James 
Uflier,  afterwards  archbilhop  of  Armagh,  v/hich  con- 
tinued many  years  after  by  letters,  two  of  Mr.  Briggs 
being  ftill  extant  in  the  collection  of  Uflier^a  ktteix 
that  were  publiflied : in  the  former  of  thefe,  dated 
Auguft  1610,  he  writes  among  other  things,  that  he 
was  engaged  in  the  fiibje(9;  of  eclipfes  5 and  in  the  lat- 
ter, dated  the  20th  of  March  1625,  that  he  was  wholly 
taken  up  and  employed  about  the  noble  invention  of 
logarithms,  which  had  come  out  the  year  before,  and 
in  the  improvement  of  which  he  had  afwrv/ards  fo  great 
a concern.  For  Briggs  immediately  fet  himielf  to  the 
ftudy  and  improvement  of  them ; expoundiug  them  alfo 
to  his  auditors  in  his  leClures  at  Grefliam  college.  In 
thefe  leCIures  he  propofed  the  alteration  of  the  fcale  of 
ms,  from  the  hyperbolic  form  which  Na^ef 
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had  given  them,  to  that  in  which  i ffiould  be  the  lo- 
gar’tlimof  the  ratio  of  loto  i ; and  foon  after  he  wrote 
to  Napier  to  make  the  fame  propofal  to  himfelf.  In 
the  year  1616  Briggs  made  a vifit  to  Napier  at  Edin- 
burgh, to  confer  with  him  upon  this  change  ; and  the 
next  year  he  did  the  fame  alio.  In  thefe  conferences, 
the  alteration  was  agreed  upon  accordingly,  and  upon 
Briggs’s  return  from  his  fecond  viht,  in  1617,  he  pub- 
lifhed  the  firfl  chiliad,  or  1000  of  his  logarithms.  See 
tlie  Introduction  to  my  Logarithms. 

In  1619  he  was  made  the  hrll  Savillan  profeflbr  of 
geometry  ; and  refigned  the  profefTorfnip  of  Grefham 
college  the  25th  of  July  1620.  At  Oxford  he  fettled 
himfelf  at  Merton  college,  where  he  continued  a moft 
laborious  and  ftudious  life,  employed  paitiy  in  the  du- 
ties of  his  office  as  geometry  leClurer,  and  partly  in  the 
computation  of  the  logarithms,  and  in  other  ufeful 
works.  In  the  year  1622  he  publifiied  a fmall  traCt  on 
the  “ North-weft  paflage  to  the  South  Seas,  through 
the  continent  of  Virginia  and  Hudfon’s  Bay  the 
reafon  of  which  was  probably,  that  he  was  then  a mem- 
ber of  the  company  trading  to  Virginia.  His  next 
performance  was  his  great  and  elaborate  w'ork,  the 
Arithtnstico  I^ogarithmica  in  folio,  printed  at  London  in 
1624;  a ftupendous  work  for  fo  ffiort  a time!  con- 
taining the  logarithms  of  30  thoufand  natural  numbers, 
to  14  places  of  figures  befide  the  index.  Briggs  lived 
alfo  to  complete  a table  of  logarithmic  fines  and  tan- 
gents for  the  1 00th  part  of  every  degree,  to  14  places 
of  figures  befide  the  index  ; w'ith  a table  of  natural 
fines  for  the  fame  looth  parts  to  15  places,  and  the 
tangents  and  fecants  for  the  fame  to  ten  places ; with 
the  conftrudtion  of  the  whole.  Thefe  tables  were 
printed  at  Gouda  in  1631,  under  the  care  of  Adrian 
Vlacq,  and  publifhed  in  1633,  with  the  title  of  Trigo- 
ronuiria  Bri*annicd^  In  the  conftru<Slion  of  thefe  two 
v.'Orks,  on  the  logarithms  of  numbers,  and  of  fines  and 
tangents,  our  author,  befide  extreme  labour  and  appli- 
cation, rnanifefts  the  higheft  powers  of  genius  and  in- 
vention ; as  we  here  for  the  firft  time  meet  with 
fevend  of  the  moft  important  difeoveries  in  the  mathe- 
xnatics,  and  wdiat  have  hitherto  been  confidered  as  of 
much  later  invention  ; fuch  as  the  Binomial  Theorem  ; 
the  Liffcrcntial  Method  and  Conftrueftion  of  Tables  by 
Differences ; the  Interpolation  by  Differences ; with 
Angular  Sedtions,  and  feveral  other  ingenious  compo- 
fitions : a particular  account  of  which  may  be  feen  in 
the  Introdiidlion  to  my  Mathematical  Tables. 

This  truly  great  man  terminated  his  ufeful  life  the 
26  of  January  1630,  and  was  buried  in  tlie  choir  of 
the  chapel  of  Merton  College.  As  to  liis  chara<fter, 
he  was  not  lefs  efteemed  for  his  great  probity  and  other 
eminent  virtues,  than  for  his  exceDent  fkill  in  mathcr 
.matics.  Doctor  Smith  gives  him  the  chara<fter  of  a 
man  of  great  probity  ; eafy  of  accefs  to  all  ; free  from 
arrogance,  morofenefs,  envy,  ambition  and  avarice  ; a 
contemner  of  riches,  and  contented  in  his  own  fitua- 
tion ; preferring  a ftudious  retirement  to  all  the  fplen- 
did  circumftances  of  life.  The  learned  Mr.  Tliomae 
Gataker,  who  attended  his  Ie£lurcs  when  he  was  reader 
of  mathematics  at  Cambridge,  reprefents  him  as  highly 
efteemed  by  all  perfons  {killed  in  Ynathematics,  both 
at  home  and  abroad  ; and  fays,  that  defiring  him  once 
lo  give  his  judgment  concerning  judicial  aftrology,  his 


anfwer  was,  that  he  conceived  it  to  be  a mere  fyftem 
of  groundlefs  conceits.”  Oughtred  calls  him  the  mir- 
ror of  the  age,  for  his  excellent  {kill  in  geometiy.  And 
one  of  his  fucceffors  at  Grefham  college,  the  learned 
Dr.  Ifaac  Barrow,  in  his  oration  there  upon  his  ad- 
miffion,  has  drawn  his  charadfer  more  fully  ; celebrat- 
ing his  great  abilities,  {kill,  and  induftry,  particularly 
in  perfefting  the  invention  of  logarithms,  which,  with- 
out his  care  and  pains,  might  have  continued  an  im- 
perfetft  and  ufelefs  defign. 

His  writings  were  more  important  than  numerous ; 
fome  of  them  were  publifhed  by  other  perfons : the  lift 
of  the  principal  part  of  them  as  follows. 

1.  A ’Table  to  find  the  Height  of  the  Pole  ; the  IMagre^ 
tical  Declination  being  given.  This  was  publifhed  in  Mr. 
Thomas  Blundevile’s  Theoriques  of  the  Seven  Planets: 
London  1602,  4to. 

2.  Tables  for  the  improvement  of  Navigation.  Thefe 
confift  of,  A table  of  declination  of  every  minute  of 
the  ecliptic,  in  degrees,  minutes  and  feconds ; A table 
of  the  fun’s  profthaphacrefes  : A table  of  equations  of 
the  fun’s  ephemerides : A table  of  the  fun’s  declina- 
tion : Tables  to  find  the  height  of  the  pole  in  any  la- 
titude, from  the  height  of  the  pole  ftar.  Thefe  tables 
are  printed  In  the  2d  edition  of  Pldward  Wright’s  trea- 
tife,  intitled.  Certain  Errors  in  Navigation  dcte£ced  and 
corre£fed  ; London  1610,  4to. 

3.  A deferiptior.  of  an  Irflrumcntal  Table  to  fnd  the 
Part  Probortionaly  devifed  by  Mr.  Pdveard  Wright, 
This  is  lubjoined  to  Napier’s  table  of  logarithms, 
tranflated  into  Englifli  by  Mr.  Wright,  and  after  his 
death  publifhed  by  Briggs,  with  a preface  of  his  own 
Lond.  1616  and  1618,  i2mo. 

4.  l.ogarithmorum  chilias  frima.  Lond.  l6i7»  8vo. 

5.  Lncubrationes  Annotaiiones  in  opera  pojlhuma  f, 
Neferi : Edinb.  1619,  4to. 

6.  Jbuclidis  Elementorum  yi  libri  priores  Cfr.  Lond. 
1620,  folio.  This  was  printed  without  his  name. to  it. 

7.  A trsatife  of  the  North~iuef  pHfage  to  the  South 
Sea  ifdc.'  By  H.  B.  Lond.  1622,  4to.  This  was  re<* 
printed  in  Purchas’s  Pilgrims,  vol.  3,  p.  852. 

8.  Arlthmetica  JLogarithmicay  Lond.  1624, 

folia. 

9.  Trigonometria  Britannlcay  Sife..  Gouda?  1633^ 
folio. 

10.  Tavo  letters  to  archbijhop  Ufher, 

1 1.  Mathematica  ah  antiquis  minus  cogn'tta^ — ^This  is 
fummary  account  of  the  moft  obfervable  inventions  of 
modern  mathematicians,  communicated  by  Mi.  Briggs 
to  Dr,  George  Hakewill,  and  publifhed . by  him  in  his 
Apologie  ; Lond.  folio. 

Befide  thefe  publications,  Briggs  wroteLome  other 
pieces,  that  have  not  been  printed ; as, 

( I ) . Commentaries  on  the  Geometry  of  Peter  Ramus, 

(2).  Du£  EpifioU  ad  celeherrimum  viruniy  Chr.  Sever, 
Bongomontanum,  One  of  thefe  letters  contained  fomc 
remarks  on  a treatife  of  I^ongomontanus,  about  fquar- 
Ing  the.  circle  ; and  the  other  a defence  of  arithmetical 
gecmetiy, 

( 3E  Animadverfones  Geometrtca  : 4to. 

(4).  De  eodent  Argnmento : 4to.'T — Thefe  two  v/ere 
in  the  poffeffion  of  the  late  Mr.  Jones.  They  both 
contain  a great  variety  of  geom.etrlca]  pi opcfitions,co!V 
ceming  the  properties  of  many  figuies^,  with  feveral 
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arithmetical  computations,  relating  to  the  circle,  an- 
gular feilions,  &c. — The  two  following  ivere  alfo  in 


poffefiion  of  Mr.  Jones. 

^5;).  j4  treat ife  of  Common  Arithmetic;  folio. 

(6).  A letter  to  Mr,  Clarke  of  Gravefend^  dated  25 
Feb.  1606;  with  which  he  fends  him  the  deferipcion 
of  a ruler,  called  Bedwell’s  ruler,  with  directions  how 
to  ufe  it. 

BRIGGS  (William),  an  erruhient  phyfician  in  the 
latter  part  of  the  17th  century,  vras  born  at  Norwich, 
for  which  town  his  father  was  four  times  member  of 
parliament.  He  itudied  at  the  univerfity  of  Cambridge. 
He  aftenvards  travelled  into  France,  where  lie  attended 
the  lectures  of  the  famous  anatomifi  Vieufibns,  at 
Montpelier.  Upon  his  return  he  publifhed  his  OphthaU 
mographia^  in  16715.  The  year  following  he  was  made 
doAor  of  medicine  at  Cainbridge,  and  loon  after  fellow 
of  the  college  of  phyficians  at  London.  In  1682  he 
rehgned  his  fellowfhip  to  his  brother ; and  tlie  fame 
year  his  Theory  of  Vificrn  was  publilhed  by  Hook.  The 
enfuing  year  he  fent  to  the  Royal  Society  a continua- 
tion of  that  difcouife,  which  was  puliliflied  in  their 
TranfaCcions  ; and  the  fame  year  he  was  appointed  pby- 
fician  to  St.  Thomas's  hofpital.  In  1684  he  commu- 
nicated to  the  Royal  Society  two  remarkable  cafes  re- 
lating to  vifion,  vrhich  were  likewife  printed  in  their 
Tranfactions  ; and  in  1685  he  publifhed  a Latin  ver- 
fon  of  his  Theory  of  Vifion,  at  the  defire  of  Mr.  New- 
ton, afterwards  Sir  Ifaac,  then  profeiTor  of  m.atbema- 
tics  at  Cambridge,  with  a recommendatory  epiftle  from 
him  prefixed  to  it.  He  was  afterwards  made  phyfician 
in  ordinary  to  king  William,  and  continued  in  great 
efteem  for  his  {kill  in  his  profeffion  till  he  died  the  4th 
of  September  1704. 

Briggs's  Logarithms j that  fpecies  of  them  in 
which  I is  the  logarithmof  the  ratio  of  10  to  i,  or  the 
logarithm  of  10.  See  Logarithms. 

BROKEN  Numhefy  the  fame  as  Fratnon  ; which  fee. 

Broken  Ray^  or  Ray  of  Refracllon^  in  Dioptrics,  is 
the  line  into  which  an  incident  ray  is  refradled  or 
broken,  in  eroding  the  fecond  medium. 

BROUNCKER,  or  BROUNKER,  (William), 
lord  vifeouqt  of  Caftle  Lyons  in  Ireland,  fon  of 
Sir  William  Brounker,  afterwards  made  vifeount  in 
1645,  w'as  born  about,,  the  year  1620,  He  veiy  early 
d.ifcovered  a genius  for  mathematics,  in  which  he  after- 
vvTirds  became  very  eminent.  He  was  made  doftor  cf 
phync  at  Oxford  June  23,  1646.  In  1657  and  1658, 
he  was  engaged  in  a correfpcndence  by  letters  on  ma- 
thematical fiibieftc  with  Dr.  Jolm  Wallis,  who  pub- 
lifhed Commercium  Epljloltciim^  printed  1658, 

at  Oxford.  He  was  one  of  the  nobility  and  gentry 


wdio  fiiyned  the  remarkable  declaration  concerning  king 
Charles  the  2d5  publilhed  in  April  i66c. 

After  the  refloration,  lorch  Brounker  was  made  chan- 
cellor and  keeper  of  the  great  feal  to  the  queen  con- 
fort,  one  of  the  commiffioners  of  the  navy,  and  mailer 
cf  St.  EatherinCs  hofpital  near  the  tower  of  London. 
He  was  one  of  thofe  great  men  who  firil  formed  the 
Royal  Society,  of  which  he  was  by  the  charter  ap- 
pointed the  firft  prefident  in  1662:  which  oilice  he 
held,  with  great  advantage  to  the  Society,  and  honour 
tQ  himfilf,  till  the  anniverfary  eleUion,  Nov.  30,  1 677; 
He  died  at  his  houie  in  St.’jamesk  ilreet,  W^flmin- 


fler,  tlie  5th  of  April  1684  ; and  was  fucceeded  in  lus 
title  by  his  younger  brother  Harry,  who  died  in  Jan. 
1687. 

I^ord  Brounker  had  feveral  papers  inferted  in  the 
Philo iophical  Tranfa6lions,  the  chief  of  wkich  were, 

1.  Pixperiments  concerning  the  Recoiling  of  Guns.' — 

2,  A Series  for  the  Q^iadrature  of  the  Hyperbola  ; 
which  was  the  iirft  fei  ies  of  the  kind  upon  that  fubjedt. 
— 3.  Several  of  his  letters  to  arebbifhop  Ulher  were 
alfo  printed  in  Ufiier’s  letters  ; as  well  as  Lome  to  Dr. 
Wallis,  in  his  Commercium  Epidolicumj  above  men- 
tioned. 

BROWN  (Sir  Willi  A m),  a noted  phyfician  a-nd 
mifcellaneous  writer,  of  the  i8th  century.  He  was 
fettled  originally  at  Lynn  in  Norfolk,  where  he  pub- 
iiflied  a tranfiation  of  Dr.  Gregory'k  Elements  of  Ca- 
toptrics and  Dioptrics;  to  which  he  added,  i.  A Me- 
thod for  finding  the  Foci  cf  all  Specula  and  Lenfes 
iiniverfally ; as  alfo  Magnifying  or  Leliening  a given 
objedt  by  a given  Spect-lurn  or  lens,  in  any'  affigned 
proportion.- — 2,  A Solution  of  thofe  Problems  wdiich 
Dr.  G-regory  has  left  imdemonitrated.- — 3.  A particu- 
lar account  of  Microfcopes  and  Telefcopes,  from  Mr. 
Huygens  ; with  the  difeoveries  made  by  Catoptrics  and 
Dioptrics..  , ' ■ ' 

Plaving  acquired  a competence  by  his  profefiion, 
he  renioved  to  Queen's  Square,  Ormond  Street,  Lon- 
don, ryhere  he  r^.ded  till  his  death,  in  1774J  at  82 
years  bf  age  ; leaving  by  his  will  two  prize-inecials  to 
be  anqualiy  contended  for  by  the  Cambridge  poets. 

Sir  iWiiiiam  Brov/n  was  a very  facetious 'man  ; and 
a great  raimber  of  his  lively  effays,  both  in  profe  and 
verfe,  were  printed  and  circulated  among  his  friends. 
The  adrive  part  taken  by  him  in  the  conteil  with  thd 
licentiates,  in  176S,  occafioned  his  being  introdu- 
ced by  Mr,  Foote  in  his  DMtl  upon  Tnvo  Sticks, 
Upon  Foote’s  exadl  reprefentation  of  him  with  his 
identical  wig  and  coat,  tall  figure,  and  glafs  iliilly  apk 
plied  to  his  eye,  he  fent  him  a card  complimenting  hiih 
on  having  fo  happily  reprefented  him  ; but  as  he 
had  forgot  his  muff,  he  had  fent  him  his  own.-— « 
This  good-natured  way  of  refenting  difarmed  Foote.-^ 
He  ufed  to  frequent  the  annual  ball  at  the  ladies  boards 
ing-fchool,  Qyieen  Square,  merely  as  a neighbour,  a 
good-natured  man,  and  fond  of  the  company  of  fprightly 
young  folks.  A dignitary  of  the  church  being  there 
one  day  to  fee  his  daughter  dance,  and  finding  this 
upright  figure  ftationed  there,  told  him  he  believed  he 
was  Hermippus  redivivus  who  lived  anhsliiit  puellarum. 

- — When  he  lived  at  Lynn,  a pamphlet  was  written 
againil  him;  which  he  nailed  up  againff  his  houfe-doof. 
— ^At  the  age  of  80,  on  St.  i.,uke's  day  1771,  he  came 
to  Batfon’s  coffee-houfe  in  his  laced  coat  and  band, 
and  fringed  white  gloves,  to  fiiew  himfelf  to  Mr. 
Crofby,  then  lord  mayor.  A gentleman  prefent  ob- 
ferving  that  he  looked  very  well,  lie  replied,  he  had 
neither  wife  ncr  debts.  ■'  ' 

BULLIALD  (Ismael),  an  eminent  afironomef 
and  mathematician,  was  born  at  Laoh  in  the  I fie  of 
France  in  1605.  He  travelled  in  his  youth,  for  thb 
fake  of  improvement,  and  gave  very  early  proofs  (A 
his  aftronomical  genius  ; and  his  riper  years  rendered 
him  beloved  and  admired.  Riccioli  ffyled  him,  Afro- 
nomiisfrcfurAc  indagin'is.  He  fir  ft  publifiied  his  difieib 
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tatto.n  mtitled,  PhtlolauSi  Jive  e^e  vero  Syjiemate  Mundi ; 
or  his  true  fyftem  of  the  world,  according  to  Philo- 
laus,  an  ancient  philofopher  and  allronomer.  After- 
ward, in  the  year  1-645,  forth  his  AJlronomia 

Phllolatca^  grounded  upon  the  hypothefis  of  the  earth’s 
motion,  and  the  elliptical  orbit  defcribed  by  the  pla- 
net’s motion  about  a cone.  To  which  he  added  tables 
intitled,  Pahula  Philolalae : a work  which  Riccioli 
fays  ought  to  be  attentively  read  by  all  Undents  of 
aftronomy. — He  conlidered  the  hypothefis,  or  ap- 
proximation of  billiop  Ward,  and  found  it  not  to 
agree  with  the  planet  Mars  ; and  fhewed  in  his  defence 
of  the  Philolaic  aftronomy  againll  the  bilhop,  that 
from  four  obfervations  made  by  Tycho  on  the  planet 
Mars,  that  planet  in- the  firft  and  third  quarters  of  the 
mean  anomaly,  was  more  forward  than  it  ought  to  be 
according  to  Ward’s  hypothefis;  but  in  tire  2d  and 
4th  quadrant  of  the  fame,  the  planet  was  not  fo  far 
advanced  as  that  hypothecs  required.  He  therefore 
fet  about  a corredl-ion  of  the  bifhop’s  hypothefis,  and 
rrude  it  to  anfwer  more  exaffly  to  the  orbits  of  the 
planets,  which  were  mofl  eccentric,  and  introduced 
what  is  called,  by  Street  in  his  Caroline  Tables y the 
Variation  : for  thefe  tables  were  calculated  from  this 
correclion  of  Bulliald’s,  and  exceeded  all  in  exadfnefs 
that  went  before.  This  correcfion  is,  in  the  judg- 
ment of  Dr.  Gregory,  a ver)’-  happy  one,  if  it  be  not 
fet  above  its  due  place  ; and  be  accounted  no  more 
than  a correction  of  an  approximation  to  the  true  fyf- 
tem: For  by  this  means  we  are  enabled  to  gather  the 
coeqiiate  anomaly  a priori  and  direClly  from  the  mean, 
and  the  obfervations  are  well  enough  anfwered  at  the 
fame  time  ; which,  in  Mercator’s  opinion,  no  one  had 
effected  before. — It  is  remai'kable  that  the  ellipfis 
which  he  has  chofen  for  a planet’s  motion,  is  fuch  a 
one  as,  if  cut  out  of  a cone,  will  have  the  axis  of  the 
cone  pafTing  through  one  of  its  foci,  viz,  that  next 
the  aphelion. 

In  1657  was  publlfhed  his  treatife  De  Liners  Spira- 
lihus^  Extrc.  Geom.  Gj  AJlron.  Paris,  qto.- — In  1682 
carhe  out  at  Paris,  in  folio,  his  large  work  intitled. 
Opus  novum  ad  Arithmeticam  Infinitorum  : A work 
which  is  a diffufe  amplification  of  Dr.  Wallis’s  Arith- 
metic of  Inhiiites,  and  which  Wallis  treats  of  parti- 
cularly in  the  80th  chapter  of  his  hiflorical  treatife  of 
Algebra. — He  wrote  alfo  two  Admonitions  to  Allro- 
noraers.  The  hrft,  concerning  a new  flar  in  the  neck 
of  the  Whale,  appearing  at  fome  times,  and  dlfap- 
pearing  at  others.  The  2d,  concerning  a nebulous 
flar  in  the  northern  part  of  Andromeda’s  girdle,  not 
difcovered  by  any  of  the  ancients.  This  ftar  alfo  ap- 
peared and  difappeared  by  turns.  And  as  thefe  phe- 
nomena appeared  new  and  furprlzing,  he  ffrongly  re- 
commended the  obferving  them  to  all  that  mught  be 
curious  in  aftronomy. 

BURNING,  the  aCIion  of  fire  on  fome  pabulum  or 
fuel,  by  which  its  minute  parts  are  put  into  a violent 
motion,  and  fome  of  them,  affuming  the  nature  of  fire, 
fly  off  in  orhem,  wTde  the  reft  are  dilhpated  in  vapour 
or  reduced  to  afhes.. 

BuRNiNG-G/i^,  or  Burning-Mirror^  a machine  by 
which  the  fun’s  rays  are  colleCfed  into  a point ; and 
■ by  that  means  their  force  and  effeCt  are  extremely 
iicighteued,  fo  as  to  burn  objeCfs  placed  in  it, 


Burning  glafles  are  of  two  kinds,  convex  and  concave. 
The  convex  ones  are  lenfes,  which  acling  according 
to  the  laws  of  refradlion,  Incline  the  rays  of  light 
towards  the  axis,  and  unite  them  in  a point  or  focus. 
The  concave  ones  are  mirrors  or  reflecfors,  whether 
made  of  polilhed  metal  or  filvered  glafs,  and  which 
adting  by  the  laws  of  refledfion,  throw  the  rays  back 
into  a point  or  focus  before  the  glafs. 

The  ufe  of  burning  glaffes  it  appears  is  very  an- 
cient, many  of  the  old  authors  relating  fome  eft'ecfs  of 
them.  Diodorus  Siculus,  Lucian,  Dion,  Zonaras, 
Galen,  Anthemius,  Euftatius,  Tzetzes,  and  otliers, 
relate  that  by  means  of^them  Archimedes  fet  fire  to  the 
Roman  fleet  at  the  fiege  of  Syracufe.  Tzetzes  is  fo 
particular  in  his  account  of  this  matter,  that  his  dc- 
fcription  fuggeftcd  to  Kircher  the  method  by  wliich  it 
was  probably  accomplilhed.  That  author  fays  that 
“ Archimedes  fet  fire  to  hlarcellus’s  navy  by  means  of 
a burning  glafs  compofed  of  fmall  fqiiare  mirrors, 
moving  every  way  upon  hinges  ; which  when  placed  in 
the  fun’s  rays,  direRed  them  upon  the  Roman  fleet, 
fo  as  to  reduce  it  to  afhes  at  the  diftance  of  'a  bow- 
fliot.”  And  the  burning  power  of  refleclors  is  men- 
tioned in  Euclid’s  Optics,  theor.  31.  Again,  Arifto- 
phanes,  in  his  comedy  of  The  Clouds,  introduces  So- 
crates as  examining  Strepfiades  about  a method  he  had 
difcovered  of  getting  clear  of  his  debts.  Fie  replies, 
that  “ he  thouglit  of  making  ufe  of  a burning-glafs 
which  he  had  hitherto  ufed  in  kindling  his  fire  ; for 
fhould  they  bring  a writ  againll  me.  I’ll  immediately 
place  my  glafs  in  the  fun  at  fome  little  diftance  from 
it,  and  let  it  on  fire.”  Pliny  and  Ladtantius  have 
alfo  fpoken  of  glafles  that  burn  by  refradtion.  The 
former  calls  them  halls  or  globes  of  cryjlal  or  glafs^ 
which  being  expefed  to  the  fun,  tranfinit  a heat  fuffi- 
cient  to  fet  fire  to  cloth,  or  corrode  the  dead  flefh  of 
thofe  patients  who  Hand  in  need  of  cauftics  ; and  the 
latter,  after  Clemens  Alexandrinus,  obferves  that  fire 
may  be  kinkled  by  interpofing  glaffes  filled  with  water 
between  the  fun  and  the  objedl,  fo  as  to  tranfmit  the 
rays  to  it. 

Among  the  ancients  the  moft  celebrated  burning 
mirrors  were  thofe  of  Archimedes  and  Proclus  ; by 
the  former  was  burnt  the  fleet  of  Marcellus,  as  above 
mentioned  ; and  by  the  latter,  the  navy  of  Vitellius, 
befieging  Byzantium,  according  to  Zonaras  was  burnt 
to  allies. 

Among  the  moderns,  the  moft  remarkable  burning- 
glaffes,  are  thofe  of  Magine  of  20  inches  diameter: 
of  Sepatala  of  Milan,  near  42  inches  diameter,  and 
which  burnt  at  the  diftance  of  15  feet ; of  Settala  of 
Vilktte,  of  Tfehirnhaufen,  of  Buffon,  of  Trudaine, 
and  of  Parker. 

Viilette,  a French  artift  at  Lyons,  made  a large 
mirror,  which  was  bought  by  Tavernier,  and  prefent- 
ed  to  the  king  of  Pruffia  ; a fecond,  bought  by  the 
king  of  Denmark  ; a third,  prefented  to  the  Royal 
Academy  by  the  king  of  France  ; and  a 4th  came  to 
England,  and  was  publicly  fliewn.  This  mirror  is  47 
inches  wide,  being  a fegment  of  a fphere  of  76  inches 
radius;  fo  that  its  focus  is  about  38  inches  from  the 
vertex  ; and  its  fubftance  is  a compofition  of  tin,  cop- 
per, and  tin-glafs.  Some  of  its  effeds  were  as  fol- 
low : 


A filver 
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A filver  fixpence  melted  in  - '» 

A George  the  ift’s  halfpenny  in 

and  runs  with  a hole  in  » - 

Tin  melts  in  - - . 

Call  iron  in  - • « . 

Slate  in 

A foffil  fhell  calcines  in 

Piece  of  Pompey’s  pillar  vitrifies,  the  black  part  in 

the  white  part  in  54. 
Copper  ore  in  - - ‘ - 8 

Bone  calcines  in  4,  and  vitrifies  in  '33 

An  emerald  melts  into  a fubllance  like  a torquois  done  ; 
a diamond  weighing  4 grains  lofes  of  its  weight : the 
albedos  vitrifies  ; as  all  other  bodies  will  do  if  kept  long 
enough  in  the  focus;  but  when  once  vitrihed,  the 
mirror  can  go  no  farther  with  them.  Phiiof.  Trank 
vol.  iv.  pa.  198. 

Tfehirnhaafen’s  reflefling  mirrors  produced  equal- 
ly furprizing*  effedls ; as  they  may  be  feen  deferibed  in 
the  A6la  Erudit.  for  1687,  pa.  52.  And  other  per- 
foiishave  made  vciy  good  ones  of  wood,  draw,  paper, 
ice,  and  other  fubdances  capable  of  taking  a proper 
form  and  polilh. 

Every  lens,  whether  convex,  plano-convex,  or  con- 
vexo-convex, colledls  the  fun’s  rays,  difperfed  over  its 
convexity,  into  a point  by  rcfradlion  ; and  it  is  there- 
fore a burning-glafs.  The  mod  confiderable  of  this 
kind  is  that  made  by  Tfehirnhaufen,  and  deferibed  in 
the  fame  A6la  Erudit.  The  diameters  of  his  ienfes 
are  from  3 to  4 feet,  having  the  focus  at  the -didance  of 
12  feet,  and  its  diameter  an  inch  and  a half.  To  malce 
the  focus  more  vivid,  the  rays  are  collefled  a fecond 
time,  by  a fecond  lens  parallel  to  tlie  drd,  and  placed 
at  fuch  a didance  that  the  diameter  of  the  cone  of  rays 
formed  by  the  lird  lens  is  equal  to  the  diameter  of  the 
fccond ; fo  that  it  receives  them  all ; and  the  focus  is 
reduced  from  an  inch  and  a half  to  half  the  quantity, 
and  confeqaeritly  its  force  is  quadrupled.  This  glafs 
vitrides  tiles,  flutes,  pumice-dones  See.  in  a moment. 
It  melts  fulphur,  pitch,  and  all  roiins,  under- water ; 
the  allies  of  vegetables,  vreods  arid  other  matters,  are 
tranfmuted  into  glafs ; and  every  thing  applied  to  its 
focus  is  either  melted,  changed  into  a calx,  or  into 
fulnes.  The  author  obferves  that  it  fucceeds  bed  when 
the  matter  applied  is  laid  on  a hard  charcoal  well  burnt. 

. — But  though  the  force  of  the  folar  rays  be  thus  found 
fo  furprizing,  yet  the  rays  of  the  full  moon,  collecl- 
ed  by  the  fame  bnrning-giais,  do  not  fhev/  the  lead  in- 
ert afe  ol  her.  t. 

Sir  Ifaac  Newton  prefented  a burning-glafs  to  th« 
Royal  Society,  confiding  of  7 concave  glades,  fo 
placed  that  all  their  foci  join  in  one  phyfical  point. 
Each  glafs  is  about  ix4  inches  diameter:  dx  of  them 
sed  contiguous  to,  and  round  the  feventh,  form- 
kind  of  fpherical  fegment,  whofe  fubtenfe  is 
about  34y  inches:  the  common  focus  is  about  22 1 
inches  aidant,  and  about  an  inch  in  diameter.  This 
glafs  vitrines  brick  cr  tile  in  i fecend,  and  melts  gold 
.in  30  feconds. 

M.  Buffon  alfo  made  a variety  of  very  powerful  burning- 
glades,  both  as  mirrors  and  as  Ienfes  ; but  at  length  con- 
cluded with  one  which  is  probably  of  the  fame  nature 
;wi;h  that  of  Archimedes,  and  cenMed  of  400  mirrors 


are 
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refiefling  their  rays  all  to  one  point,  and  with  which 
he  could  melt  lead  and  tin.  at  the  difcance  of  140  feet ; 
and  with  others  he  confumed  fubdances  at  tiie  dillance 
of  2 to  feet.  Ste  Philod  Trank  voL  44.;  or  Buf- 
foil’s  Hidcire  Naturede,  SuppL  vok  i ; or  Montucla’s 
Hiiloire  des  Math,  vok  i.  pa.  246. 

It  would  feem  there  is  no  fubftance  capable  of  refift- 
ing  the  efficacy  of  modern  buniing-glafies;  though  water 
&c.  are  not  affedled  by  them  at  all.  Thus,  Medrs 
Macqiier  and  Baume  have  fucceeded  in  melting  fmall 
portions  of  platina  by  means  of  a concave  glafs,  2.2 
inches  diameter,  and  28  inches  focus;  though  this 


metal  is  net  fufible  by  the  ftronged  fires  that  can  b( 
excitea  in  turnices,  or 


furnaces,  or  fiailaiijed  by  any  chemical  appa- 
ratus. Yet  it  was  long  iince  obferved,  by  the  Acade- 
micians del  Cimerxto,  that  fpirit  of  wine  could  not  be 
fired  by  any  buniing-glafs  which  tfiey  ufed  ; and  not- 
wichdandiiig  the  great  improvements  thefe  inflrunicnts 
have  fince  received,  M,  Nollet  has  not  been  able,  by 
the  moft  powerful  burning  mirrors,  to  let  fire  to  any 
iiidammabfe  liquors  fchatever. 

However,  a large  burning  lens,  for  fufing  and  vitri- 
fying fuch  fubdances  as  refifc  the  fires  of  furnaces,  and 
efpecially  for  the  application  of  heat  in  vacuo,  and  in 
certain  other  circumftaiices  in  which  heat  cannot  be 
applied  by  other  means,  has  long  been  a defideratum 
with  perfons  concerned  in  phiioiophical  experiments : 
and  this  it  appears  is  now  in  a great  meafure  accom- 
plifned  by  Mr,  Parker,  an  ingenious  glafs  manufac- 
turer in  Fieet-ftreet,  London.  His  lens  is  made  of 
flint  glafs,  and  is  3 feet  in  diameter,  but  when  fixed  in 
its  frame  expofes  a furface  of  32  inches  in  the  clear;  the 
length  of  the  focus  is  6 feet  3 inches,  and  its  diameter 
one  inch.  The  rays  from  this  large  lens  are  received 
and  trarifmitted  through  a frnaller,  of  13  inches  dia- 
meter in  the  clear  %vithin  the  frame,  its  focal  length  29 
inches,  and  diameter  of  its  focus  3-8ths  of  an  inch  : 
10  that  this  fecond  lens  increafes  the  power  of  the  for- 
mer more  than  7 times,  or  as  the  fquare  of  8 to  the 
fquare  of  3. 

From  a great  number  of  experiments  made  with  this 
lens,  the  following  are  fele£led  to  ferve  as  fpecimens  of 
its  powers ; 

Subflanoes  fufed;  with  their  weight,  and?  Time  I Weight 
time  of  fufion. 


Scoria  of  wrought  iron 
Common  (late 
Silver,  pure 
Platina , pure 
Nickell 

Cafl  Iron,  a cube 

Kearfii 

Gold,  pure 

Cryftal  pebble 

Cauk,  or  terra  ponderofa 

Lava 

Afbeflos 

Bar  Iron,  a cube 
Steel,  a cube 
Garnet 
Copper,  pure 
Onvx  * 


in  fee. 

in  grs. 

2 

12 

1C  . 

3 

2.0 

3 

10 

3 

16 

3 

10 

3 

20 

• -4 

, > 

6 

7^ 

7 

10 

7 

ic  . 

10 

10 

12 

12 

10 

17 

10 

20 

33  { 

20 

10  . 

Zeolites* 
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■ SUBSTANCES  FUSED,  &c. 

Zeolites  . - - - 

Pumice  Stone 

Oriental  Emerald 

Jafper  - « . « 

White  Agate  - . , 

Flint,  oriental 

Topaz,  or  chryfolite 

Common  Limeftone 

White  rhomboidal  Spar 

Volcanic  Clay 

Cornifli  Moorilone 

Rough  Cornelian 

Rotten  Stone  - 


Burning  Zoncy  or  T’orrlti  Zoucy  the  fpacc  within 
degrees  of  the  equator,  both  north  and  fouth. 


Time 
in  fee. 

C ' 

Wgt. 

in  grs. 

23 

10 

24 

10 

25 

2 

10 

30 

ro 

30 

10 

43 

3 

^5 

10 

6c 

10 

60 

1 0 

60 

10 

73 

0 

80 

10 

BUSHEL,  a meafure  of  capacity  for  dry  goods  ; 
as  grain,  pulft,  fruits,  &c ; containing  4 pecks,  or  8 
gallons,  or  of  a quarter.  By  ad  of  Parliament,  made 
in  1697,  was  ordained  that  “ Every  round  bufhel 
with  a plain  and  even  bottom,  being  made  inchea 
wide  throughout,  and  8 inches  deep,  (hall  be  eUcemed 
a Legal  Wincheller  BuOiel,  according  to  the  ftandard 
in  his  majedy’s  exchequer.*'  Now  a bulhel  being  thu« 
made  will  contain  2150*42  cubic  inches,  and  confe- 
qucntlv  the  corn  gallon  contains  onlv  268"?  cubic  inches. 

BUTMENT^,  are  thofe  fupporters,  or  props,  by 
which  the  feet  of  arches,  or  the  extremities  of  bridges 
are  fupported  ; and  fhould  be  made  very  ftrong  and  Erm. 

BUi  TRESS,  is  an  arch,  or  a mafs  of  mafoniy, 
ferving  to  fupport  the  fides  of  a building,  w’all,  or  the 
like,  oa  the  ouUide,  See  Arch,  and  Arch-rou* 

TANT. 
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CAILLE  (Nicholas  Lewis  ue  la),  an  eminent 
French  mathematician  and  aftronomer,  was  born  at 
Rumigny  in  the  diocefe  of  Rheims  in  i "13.  His  fa- 
ther having  quitted  the  army,  in  which  he  had  ferved, 
anuifed  hirafelf  in  his  retirement  with  fludying  mathe* 
.matics  and  mechanics,  in  which  he  proved  the  happy 
author  of  feveral  inventions  of  coniiderablc  ufe  to  the 
.public.^  From  this  example  of  his  father,  our  author 
aimoll  in  his  infancy  took  a fancy  to  meclianics,  which 
proved  of  fignal  fcrvicc  to  him  in  his  maturer  years. 
At  fchool  he  difeovered  early  tokens  of  genius.  He 
next  came  to  Paris  in  1729  ; where  he  fludied  the  daf- 
fies, pihilofophy  and  mathematics.  He  afterw^ards  Itu- 
died  divinity  in  the  college  dc  Navarre,  with  the  view 
of  embracing  the  eccleliallical  life  : however  he  never 
entered  into  priefl’s  orders,  apprehending  that  his  allro- 
nomical  ftudies,  to  which  he  had  become  much  devoted, 
might  too  much  interfere  with  his  religious  duties. 
His  turn  for  aftronomy  foon  connefled  him  with  the 
celebrated  Cafiini,  who  procured  him  an  apartment  in 
the  obfervatory  ; where,  aflifted  by  the  counfcls  of  this 
maflcr,  he  Coon  acquired  a name  among  the  aflrono- 
mers.  In  173  9 was  joined  wdth  M.  Caflini  de  Thury, 

fon  to  M.  Caflini,  in  verifying  the  meridian  through 
the  whole  extent  of  France  ; and  in  the  fame  year  he 
was  named  profeflor  of  mathematics  in  the  college  of 
Mazarine.  In  1741  our  author  was  admitted  into  the 
Academy  of  Sciences  as  an  adjoint  member  for  allro- 
nomy  ; and  had  many  excellent  papers  inferted  in  their 
memoirs  ; befide  which  he  publifhed  feveral  ufeful  trea- 
tiles,  viz,  Elements  of  Geometry,  Aftroiwmy,  Me- 
chanics, and  Optics.  He  alfo  carefully  computed  all 
ihe  eclipfes  of  the  fun  and  moon  that  had  happened 
Vot,  I, 


fincethe  chriflian  era,  which  were  printed  in  the  work 
entitled  rZrt  de  verifier  les  dates,  See,  Paris,  1750,  in 
4to.  He  alfo  compiled  a volume  of  aftronomical  ephe- 
merides  for  the  years  1745  i another  for  the 

yeais  i 7 5 5 to  1765;  and  a third  for  the  years  1 765  to 
1775  : as  alfo  the  mofi  corre61  folar  tables  of  any  } and 
an  excellent  work  entitled  jfironomia  fundamenta  novfi 
Jt mis  foils  y fiellarum  obfervationihus  JlablUta, 

Having  gone  through  a leven  years  feries  of  aftro- 
nomical obiervations  in  his  own  obfervatory  in  the 
Mazarine  college,  he  formed  the  projedft  of  going  to 
obferve  the  fouthern  ftars  at  the  Cape  of  Good  Hope  t 
being  countenanced  by  the  court,  he  fet  out  upon 
this  expedition  in  1750,  and  in  the  fpace  of  two 
years  he  obferved  tliere  the  places  of  about  10  thou- 
fand  ftars  in  the  fouthern  hemifphere  that  are  not 
vifible  in  our  latitudes,  as  well  as  many  other  im- 
portant elements,  viz,  the  parallaxes  of  the  iun,  moon, 
and  feme  of  the  planets,  the  obliquity  of  the  ecliptic, 
the  refradions,  Slc.  Having  thus  executed  the  purpofc 
of  his  voyage,  and  no  prefent  opportunity  offering  for 
his  return,  he  tliought  ot  employing  the  vacant  time  in 
another  arduous  attempt  ; no  lefs  than  that  of  taking 
the  meafure  of  the  earth,  as  he  had  already  done  that 
of  the  heavens.  1 his  indeed  had  been  done  before  by 
different  fets  of  learned  men  both  in  Europe  and  Ame- 
rica ; fome  determining  the  quantity  of  a degree  at  the 
equator,  and  others  at  the  a.aic  circle  ; but  it  had  not 
, as  yet  been  decided  whether  in  the  fouthern  parallels  of 
latitude  the  fame  dimcnfions  obtained  as  in  the  north- 
ern. His  labours  were  rewarded  with  the  fatisfac- 
tion  he  wilhed  for;  having  determined  a diftance  of 
410814  feet  from  a place  called  Klf-I'cntyn  to  the 
K ‘‘  Cape, 
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Cape,  hy  means  of  a bafe  of  3S802  feet,,  tfiree  times 
adiually  ineafured  : whence  he  difcovcred  a- new  fecret 
of  nature,  namely,  that  the  radii  of  the.  parallels  in 
ioiuh  iaikude  are  not  the  fame  length  as- thofe  of  the 
covrelponding  parallels  in  north  latitude.  About  the 
2;^d  degree  of  fouth  latitude  he  found  a degree  on 
the  meridian  to  contain  342222  Paris  feet.  The  court 
of  YerfaiP.es  alfo  fent  him  an  order  to  go  and  fix  the 
fituation  of  the  Ides  of  PTance  and  of  Bourbon. 
While  at  the  Cape  too  he  obferved  a wonderful  effedl 
of  the  atmoipbere  in  fome  dates  of  it : Although  the 
fley  at  the  Cape  be  generrdly  pure  and  ferene,  yet  when 
the  fouiheaft  wind  blows,  which  is  pretty  often,  it  is 
attended  with  fome  ftrange  and  even  terrible  effedls  : 
the  u:ars  look  larger,  and  feera  to  dance  ; the  moon  has 
an  undulating  tremor  -;  and  the  planets  have  a fort  of 
beard  like  comets. 

M.  de  la  Caille  returned' to  France  in  the  autumn  of 
3 754,  after  an  abfence  of  about  4 years  ; loaded,  not 
■until  the  fpoils  of  the  eaft,  but  with  thofe  of  the  fouth- 
ern  heavens,  before  then  almoft  unknown  to  aftrono- 
mers.  Upon  his  return,,  he  firll  drew  up  a reply  to  fome 
il.rI61;ures  which  the  celebrated  Euler  had  publiflied  re- 
lative to  the  meridian  ;,  after  which  he  fettled  the  refults 
of  the  comparifon  of  his  obfervations  for  the  parallaxes, 
with  thofe  of  other  altronomers  : that  of  the  fun  he 
fixed  at  9 ’"  ; of  the  moon  at  of  Mars  in  his  op- 

pofition,  36''/;  of  Venus  > He  alfo  fettled  the 
laws  by  which  aflironomical  refraTions  are  varied  by 
the  different  denfity  or  rarity  of  the  air,  by  heat  or 
cold,  and  by  drynefs  or  moifture.  And  laftly  he  fhewed 
an  eafy  and  pradficable  method  of  finding  the  longitude 
at  fea  by  means  of  the  moon.  His  fame  being  now 
celebrated  every  where,  M.  de  la  Caille  was  foon  elefted 
a member  of  moft  of  the  academies  and  focleties  of 
Eurppe,  as  London.,  Bologna,  Peterfburgh,  Berlin,, 
Stockholm,  and  Gottingen. 

In  1760  our  author  was  attacked  with  a fevere  fit  of 
the  gout ; which  however  did  not  interrupt  the  courfe  of 
his  fiudies  ; for  he  then  planned  out  a new  and  large 
work,  no  lefs  than  a hiftory  of  aftronomy  through  all 
ages,  with  a comparifon  of  the  ancient  and  modern 
obfervations,  and  the  conflruftion  and  life  of  the  in- 
ftruments  employed  in  making  them.  Towards  the  lat- 
ter part  of  1761,  his  conftitution  became  greatly  re- 
duced ; though  his  mind  remained  iinafFe(Ted,  and  he 
refolutely  perfifted  in  his  fludies  to  the  lafl ; death  only 
putting  an  end  to  his  labours  the  21ft:  of  March.  1762, 
at  49  years  of  age  ; after  having  committed  his  manu- 
feripts  to  the  care  and  diferetion  of  his  efleemed'friend 
M.  Maraldi. 

Befide  the  publications  before  mentioned,  and  per- 
haps fome  others  alfo,  he  had  a vafl  number  inferted.  in 
the  volumes  of  the  Memoirs  of  the  French  Academy 
of  Sciences,  much  too  numerous  indeed,  though  very 
important,  to  be  here  all  mentioned  particularly  ; fuffi.ee 
it  therefore  juft  to  diflinguiih  the  years  of  thofe 
volumes  in  v;hich  his  pieces  are  to  be  found,  by  the  fol- 
lowing lift  of  them,  viz,  1741,  1742,  I743>  i744> 
J745>  1746,  i747>  >748.  i749>  >75=)  '75h  ‘7S^> 
>753.  >754.  >755.  >756.  >757.  >758.  >759.  >76°. 
1761,  1763  ; in  all  or  moft  of  which  years  there  are 

it  wo  or  three  or  more  of  his  papers. 

CAISSON^  in  Architedlure,  a kind  of  cheflor  flat^ 


bottomed  boat,  in  wfifeh  the  pier  of  a bridge  Is  built, 
then  funk  to  the  bottom  of  the  water,  and  the  fides 
loofened  and  taken  off  from  the  bottom’,  by  a contri- 
vance for  that  piirpofe  ; the  bottom  of  the  caifTon  be- 
ing left  under  the  pier  as  a foundation  to  it.  The  caif- 
fon  is  kept  afloat  till  the  pier  is  built  to  above  the  height 
of  low-water  mark  ; and  for  that  purpofe,  its  fides  are 
either; madcj  of  more  than  that  height  at  firft,  or  elfe 
gradually  r^ifed  to  it  as  it  finks  by  the  weight  of  the 
workjifo  asl  always  to  keep  ks  top  above  water.  Mr. 
Label|^e  tells  us,  that  the  caiffons  in  which  he  built 
fome  'of  the  piers  of  Weflminfter  bridge,  contained 
above  I 30  load  of  fir  timber,  of  40  cubic  feet  each, 
and  that  it  -was  of  more  tonnage  or  capacity  than  a. 
40  gun  fli  ip  of  war. 

Caisson,  in  Military  A.ffairs,  is  lometimes  ufed  for 
a chefi ; and  in  particular  for  a bomb  or  fliell  cheft,  and' 
is  ufed  as  a fuperficial  mine,  or  fourneau.  This  is  done 
by  filling  a cheft  either  with  gun  powder  and  loaded 
flieils,  or  elfe  witliiliells  alone,,.and  burying  it  in  a fpot 
where  an  eneiny,  befieginga  place,  is  expected  to  comcj,.. 
and  then  firing  it  hy  a train  to  blow  the  men  up. 

CALCULATION,,  the  a6l  of  computing  feveral 
fums,  by  adding,  fubtraCling,-  mukiplying,  dividing. 
See.  From  calculusy  in.  allufion  to  the  pradlice  of 
the  ancients,  who  ufed  calmliy  or  little  ftones,  ia 
making  computations,  in  taking  fuffrages,  and  in 
keeping  accounts,  &c  ; as  we  now  ufe  counters,  figures,, 
&c.  Calculation  is  more  particularly  ufed  to  (ignify 
the  computations  in  aftronoray,  trigonometry,  &c,  for 
making  tables  of  aftronomy,  of  logarithms,  epheme- 
rides,  finding  the  times-  of  eclipfes,  and  fuch  like. 

CALCULATOR,  a perfon  who  makes  or  performs 
calculations. — It  is  alfo  the  name  given  by  Mr.  Fergu- 
fon  to  a machine  in  the  ftiape  of  an  orrery,  which  he 
conftrudted  for  exhibiting  the  motions  of  the  earth  and' 
moon,  andrefolving  a variety  of  aftronomical  problems. 
See  his  Aftron.  410  pa.  265,  or  8vo  pa  393. 

CALCULATORES,  were  anciently  accountants 
who  reckoned  their  fums  by  calcuUy.  or  little  ftones,  or 
counters. — In  ancient  canons  too  we  find  a fort  of  di- 
viners or  enchanters,  cenfured  under  the  denominatioa- 
of  calculatores. 

CALCULUS  denotes- primarily  a fmall  ftone,  peb- 
ble, or  counter,  ufed  by  the  ancients  in  making  calcula- 
tions or  computations,  taking  of  fulirages,  playing  at 
tables,  and  the  like.  ' 

Calculus  denotes  now  a certain  way  of  perform- 
ing mathematical  inveftigations  and  refolutions.  Thus,, 
we  fay  the  A -nth  metical  or  Numeral  Calculus,  the  Al- 
gebraical Calculus,  the  Differential  Calculus,  the  Ex- 
ponential Calculus,  the  Fluxional  Calculus,  the  Integral; 
Calculus,  the  Literal  or  Symbolical  Calculus,.  &c ; for  ^ 
which,  fee  each  rcfpedtive  word. 

Arithmetical  or  Numeral  Calculus,  is  the  method 
of  performing  arithmetical  computations  by  numberso.. 
See  Arithmetic,  and  Number. 

Algebraiealy  Liter aly  or  Symbolical  Calculus,  Is  the 
method  of  performing  algebraical  calculations  by  let- 
ters or  other  fymbols.  See  Algebra. 

Differential  Calculus,  is  the  arithmetic  of  the  ini» 
definitely  fmall  differences  of  variable  quantities ; a 
mode  of  computation  much  ufed  by  foreign  mathema- 
ticiansj,  and  introduced  by  Leibnitz,  as  limilar  to  the 

method 
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^lnetIlO(l•■of  Fluxions  of  Newton.  See. Differential 
See, 

Esponentlal  Qk-lcvivs,  is  the  applying  the  fluxional 
or  differential  methods  to  exponential  quantities  ; fuch 

as  y or  &c.  See  Exponential. 

Fluxional  Calculus,  is  the  method  of  fluxions,  in- 
vented by  Newton.  See  Fluxions. 

Integral  Calculus,  ov  Sununaiorius,  is  a method  of 
integrating,  or  fumming  up  differential  quantities  ; and 
is  fimilar  to  the  finding  of  fluents.  See  Integral  and 
Fluent. 

Calculus  Literalis,  or  Literal  Calculus,  is  the  fame 
with  algebra,  oi*  fpecious  arithmetic,  fo  called  from  its 
ufing  the  letters  of  the  alphabet  ; in  contradiftindlion 
to  numeral  arithmetic,  in  which  figures  are  ufed. 

CALENDAR,  or  Kale-Ndar,  a dillribution  of 
-time  as  accommodated  to  the  ufes  of  life  ; or  an  Alma- 
nac, or  table,  containing  the  order  of  days,  weeks, 
months,  feafls,  &c,  occurring  in  the  courfe  of  the  year  ; 
being  fo  called  from  the  word  Calenclre,  which  among 
the  Romans  denoted  the  firll  days  of  every  month,  and 
anciently  was  written  in  large  charadlers  at  the  head  of 
each  month.  See  Almanac,  Calends,  Month, 
Time,  Year,  See. 

In  Calendars  the  days  were  originally  divided  into 
oftoades,  or  eights  ; but  afterwards,  in  imitation  of  the 
JewT,  they  were  divided  into  hebdomades,  or  fevens, 
for  what  we  now  call  a week  : which  cullom,  Scallger 
'cbferves,  was  not  In  ufe  among  the  Romans  till  after  the 
time  of  Theodofius. 

Divers  calendars  are  eflablifhed  in  different  countries, 
according  to  the  different  forms  of  the  year,  and  diftri- 
butions  of  time  : As  the  Ferfian,  the  Roman,  the  Jewlfh, 
the  Julian,  the  Gregorian,  &c,  calendars.  —The  ancient 
Roman  Calendar  is  given  by  Ricciolus,  Struvius,  Danet, 
nnd  others ; in  which  we  perceive  the  order  and  num- 
ber of  the  Roman  holy-days  and  work-days. — The 
jewifh  calendar  was  fixed  by  Rabbi  Hillel,  about  the 
year  360;  from  wdiich  time  the  days  of  their  year  may 
be  reduced  to.  thofe  of  the  Julian  calendar. — The  three 
Chriftian  calendars  are  given  by  Wclfius  in  his  Elements 
of  Chronology  ; as  alfo  the  Jewllh  and  Mohamedan 
calendars.  Other  writers  on  the  calendars  are  Vieta, 
Clavlus,  Scaliger,  Blondel,  &c. 

Fhe  Roman  Calendar  was  lirfl  formed  by  Romu- 
lus, who  didributed  time  iato  feveral  periods  for  the  ufe 
of  his  followers  and  people.  lie  divided  the  year  into 
10  ihonths,  of  304  days;  beginning  on  the  firll  of 
March,  and  ending  with  December. 

Numa  reformed  the  calendar  of  Romulus.  He 
added  the  months  of  January  and  Februar)',  making  It 
to  commence  on  the  firfl  of  January,  and  to  confifl  of 
355  days.  But  as  this  was  evidently  deficient  of  the 
true  year,  he  ordered  an  Intercalation  of  45  days  to  be 
made  every  4 years.  In  this  manner,  viz.  Every  2 years 
an  additional  month  of  22  days,  betw'een  February  and 
March ; and  at  the  end  of  each  two  years  more,  ano- 
ther month  of  23  days  ; the  month  thus  Interpofed, 
being  called  Marcedonius,  or  the  intercalary  February. 

Julius  Caefar,  with  the  aid  of  Sofigenes,  a celebrated 
ailronomer  of  thofe  times;  farther  reformed  the  Ro- 
man calendar,  from  whence  arofe  the  Julian  calendar, 
the  Julian  or  old  ftjie.  Finding  that  the  fun  per- 
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formed  his  annual  courfe  in  365'  days  and  a quarter 
nearly,  he  divided  the  year  into  365  days,  but  every  4tl> 
y'ear  366  days,  adding  a day  that  year  before  the  24th 
of  February,  which  being  the  6th  of  the  calends,  and 
being  thus  reckoned  twice,  gave  occafion  to  the  name 
hijj'extik,  or  what  we  alfo  call  leap-year. 

This  calendar  was  farther  reformed  by  order  of  the 
pope  Gregory  XIII,  from  whence  arofe  the  term  Gre- 
gorian calendar  and  fiyle,  or  what  we  ajfo  call  the  new' 
llyle,  wliich  is  now  obferved  by  almoll  all  European  na- 
tions. ’The  year  of  Julius  was  too  long  by  nearly  ir 
minutes,  which  amounts  to  about  3 days  in  400  years  ; 
the  pope  therefore,  by  the  advice  of  Clavius  and  Ciaco- 
nlus,  ordained  that  there  fiiould  be  omitted  a dav  in 
every  3 centuries  out  of  4 ; fo  that  every  century, 
which  would  otherwife  be  a bifiextile  year,  is  made  to  be 
only  a common  year,  excepting  only  fncli  centuries  as 
are  exactly  dlvifible  by  4,  which  happens  once  in  4 cen- 
turies. See  Bissextile.  This  reformation  of  the  ca- 
lendar, or  the  new  llyle,  as  we  call  it,  commenced  in  the 
countries  under  the  popifli  influence,  on  the  4th  of  Oc- 
tober 1582,  when  10  days  were  omitted  at  once,  which 
had  been  over-run  fince  the  time  of  the  council  of  Nice, 
in  the  year  325,  by  the  furpliis  of  1 1 minutes  each 
year.  But  in  England  it  only  commenced  in  1752, 
when  1 1 days  were  omitted  at  once,  the  3d  of  Sep- 
tember being  accounted  the  14th  that  year  ; as  the  fur- 
plus  minutes  had  tlien  amounted  to  1 1 days. 

'Julian  Chriftian  Calendar,  is  that  in  which  the 
days  of  the  week  are  determined  by  the  letters  A,  B, 
C,  D,  E,  F,  G,  by  means  of  the  folar  cycle ; and  the 
new  and  full  moons,  particularly  the  pafchal  full  moon, 
with  the  feall  of  Eaftcr,  and  the  other  moveable  feafls’ 
depending  upon  It,  by  means  of  golden  numbers,  or  lunar 
cycles,  rightly  dlfpofed  through  the  Julian  year.  See 
Cycle,  and  Golden  Number. 

In  this  calendar,  it  is  fuppofed  that  the  vernal  equi- 
nox is  fixed  to  the  21  (I  day  of  March  ; and  that  Ihe 
golden  numbers,  or  cyxles  of  19  years,  conftantly  Indi- 
cate the  places  of  the  new  and  full  moons  ; though 
both  are  erroneous  ; and  from  hence  arofe  a great  ir- 
regularity In  the  time  of  Ealler. 

Gregorian  Calendar,  is  that  which,  by  means  of 
Epadls,  rightly  difpofed  through  the  feveral  months, 
determines  the  new  and  full  moons,  with  the  time  of 
Eafler,  and  the  moveable  fealls  depending  upon  It,  in 
the  Gregorian  year.  This  differs  therefore  from  the 
Julian  calendar,  both  in  the  form  of  the  year,  and  In 
as  much  as  epa£ls  are  fubllltuted  Inftead  of  golden 
numbers.  See  Epact. 

Though  the  Gregorian  calendar  be  more  accurate 
than  the  Julian,  yet  it  Is  not  without  Imperfections, 
as  Scaliger  and  Calvifius  have  fully  fiiewii ; nor  is  it 
perhaps  poffible  to  devife  any  one  that  fhall  be  quite 
pcrfedl.  Yet  the  Reformed  Calendar,  and  that  which 
is  ordered  to  be  obferved  In  England,  by  adl  of  Parlia- 
ment made  the  24th  of  George  II,  come  very  near  to 
the  point  of  accuracy  : For,  by  that  adl  it  is  ordered 
that  Eafter-day,  on  which  the  reft  depend,  is  always 
the  firft  Sunday  after  the  full  moon,  which  happens 
upon,  or  next  after  the  21ft  day  of  March  ; and  if  the 
full-moon  happens  upon  a Sunday,  Eafter-day  is  the. 
Sunday  after.’^ 

Reformed,  or  Corvccledy  Calendar  13  that  which, 
H h 2 rejeding; 
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Teje(?fc]‘ng  all  the  apparatus  of  golden  numbers,  epadfs, 
and  dominical  letters,  determines  the  equinox,  and  the 
pafchal  full-moon,  with  the  moveable  fealls  depending 
upon  it,  by  computation  from  ailronomical  tables. 
This  calendar  was  introduced  among  the  proteftant 
dates  of  Germany  in  the  year  1 700,  when  1 1 days 
were  omitted  in  the  month  of  February,  to  make  the 
correded  ftyle  agree  with  the  Gregorian.  This  altera- 
tion in  the  form  of  the  year,  they  admitted  for  a time  ; 
in  expedation  that,  the  true  quantity  of  the  tropical 
year  being  at  length  more  accurately  determined  by 
oblervation,  the  Romandls  would  agree  with  them  on 
fome  more  convenient  intercalation. 

French  New  Calendar,  is  a quite  new  form  of  ca- 
lendar that  commenced  in  France  on  the  2 2d  of  Sep- 
tember 1792,  At  the  time  of  printing  this  (viz,  in 
July  1794),  it  does  not  certainly  appear  whether 
this  new  calendar  will  be  made  permanent  or  not ; but 
merely  as  a curiofity  in  the  fcience  of  chronology, 
a very  brief  notice  of  it  may  here  be  added,  as  fol- 
lows. 

The  year,  in  this  calendar,  commences  at  midnight 
the  beginning  of  that  day  in  which  falls  the  true  au- 
tumnal equinox  for  the  oblervatory  of  Paris.  The  year 
is  divided  into  12  equal  months,  of  30  days  each; 
after  which  3 fupplementary  days  are  added,  to  com- 
plete the  363  days  of  the  ordinary  year  ; thefe  5 days 
do  not  belong  to  any  month.  Each  month  is  divided 
into  three  decades  of  10  days  each  ; diftinguifhed  by  ill:, 
2d,  and  3d  decade.  All  thefe  are  named  according  to 
the  order  of  the  natural  numbers,  viz,  the  ift,  2d,  3d, 
&c,  month,  or  day  of  the  decade,  or  of  the  fupplemen- 
tary days.  The  years  which  receive  an  intercalary  day, 
when  the  pofition  of  the  equinox  requires  it,  which  we 
call  embolifmic  or  bilTextilc,  they  call  olimpic  ; and  the 
period  of  four  years,  ending  with  an  olimpic  year,  is 
called  an  olimpiade  ; the  intercalary  day  being  placed 
after  the  ordinary  five  fupplementary  days,  and  making 
the  lafi:  day  of  the  olimpic  year.  Each  day,  from  mid- 
night to  midnight,  is  divided  into  10  parts,  each  part 
into  10  others,  and  fo  on  to  the  laft  meafurable  portion 
of  time. 

In  this  calendar  too  the  months  and  days  of  them 
have  new  names.  The  firfi  three  months  of  the  year, 
of  which  the  autumn  is  compofed,  take  their  etymo- 
logy,  the  firft  from  the  vintage  which  takes  place  from 
September  to  Oftober,  and  is  called  'venclemaire ; the 
fecond,  hruma'tre,  from  the  mifts  and  low  fogs,  which 
Ihew  as  it  were  the  tranfudation  of  nature  from  Oc- 
tober to  November:  the  third,  y'KwzmVc’,  fr«ra  the  cold, 
fometimes  dry  and  fometimes  molft,  which  Is  felt  from 
November  to  December.  The  three  winter  months 
take  their  etymology,  the  firft,  nlvofe^  from  the  fnow 
which  whitens  the  earth  from  December  to  January  ; 
the  fecond,  pluviofe^  from  the  rains  which  ufually  fall 
in  greater  abundance  from  January  to  February  ; the 
third,  ^lentofey  from  the  wind  which  dries  the  earth 
from  February  to  March.  The  three  fpring  months 
take  their  etymology,  the  firft,  germinal^  from  the  fer- 
mentation and  development  of  the  fap  from  March  to 
April ; the  fecond,  JJoreal^  from  the  blowing  of  the 
flowers  frem  April  to  May  : the  third,  prairial,  from 
the  finding  fecundity  of  the  meadow  crops  from  May 
to  June.  Laftly,  the  three  funimer  months  take  their 


etymology,  the  firft,  mejjtdor^  from  the  appearance  of 
the  waving  ears  of  corn  and  the  golden  harvelis  which- 
cover  the  fields  from  June  to  July;  the  fecond,  thcrmN 
dor^  from  the  heat,  at  once  folar  and  terreftrlal,  which 
inflames  the  air  from  July  to  Auguft  ; the  third, 
tidor^  from  the  fruits  gilt  and  ripened  by  the  fun  from 
Auguft  to  September,  Thus,  the  whole  12  months  are^ 


Autumn 

Vendemalre 

Brumaire 

Frimaire. 

Winter. 

Nivofe 

Pluviofe 

Ventofe, 


Spring 
Germinal 
Floreal 
Frail  ial. 

SuMMER- 

Adeftidor 

Thermidor 

Fru61;idor. 


From  thefe  denominations  it  follows,  that  by  tlie 
mere  pronunciation  of  the  name  of  the  month,  every- 
one readily  perceives  three  things  and  all  their  relations, 
viz,  the  kind  of  feafon,  the  temperature,  and  the  ftate 
of  vegetation  : for  inftance,  in  the  or 6.  germinal^  his 
imagination  will  ealily  conceive,  by  the  termination  of 
the  word,  that  the  fpring  commences ; by  the  conftnic- 
tion  of  the  word,  that  the  elementary  agents  are  bu- 
fied  ; and  by  the  fignification  of  the  word,  that  the 
buds  unfold  themfelves. 

As  to  the  names  of  the  days  of  the  week,  or  decade 
of  10  days  each,  which  they  have  adopted  Inftead  oF 
feven,  as  thefe  bear  the  ftamp  of  judicial  aftrology  and 
heathen  mythology,  they  are  fimply  called  from  the 
firft  ten  numbers ; thus, 


Primdi 

Duodi 

TridI 

Quartidi 

Q^intidi 


Sextidi 
Septidi 
Orftidi 
Non  id  I 
Decadfr 


In  the  almanac,  or  annual  calendar,  inftead  of  the 
multitude  of  faints,  one  for  each  day  of  the  year,  as  In 
the  popifh  calendars,  they  annex  to  every  day  the  name 
of  fome  animal,  or  utenfil,  or  work,  or  fruit,  or  flower, 
or  vegetable,  &c,  appropriate  and  moft  proper  to  the 
times. 

jdjironomical  Calendar,  an  inftrument  engraven 
upon  copper- plates,  printed  on  paper,  and  palled  on 
board,  with  a brafs  Aider  which  carries  a hair,  and 
ftievvs  by  infpedlion,  the  fun’s  meridian,  altitude,  right 
afeenfion,  declination,  rifing,  fetting,  amplitude,  &c, 
to  a greater  exaFtnefs  than  can  be  lliewn  by  the  com- 
mon globes. 

CALENDS,  Calend/x,  in  the  Roman  Chronology, 
denoted  the  firft  days  of  each  month  ; being  fo  named 
from  y.a.'KiUy  calo,  I call^  or  proclaim  ; becaufe  that,  be- 
fore the  publication  of  the  Roman  FaJitj  and  counting 
their  months  by  the  motion  of  the  moon,  a prieft  was 
appointed  to  obferve  the  firft  appearance  of  the  new 
moon  ; who,  having  feen  her,  gave  notice  to  the  prefi- 
dent  of  the  facrifices  to  offer  one  ; and  calling  the 
people  together,  he  proclaimed  unto  them  how  they 
Ihould  reckon  the  days  until  the  nones  ; pronouncing 
the  word  Cako  5 times  if  the  nones  Ihould  happen  on 
the  5 th  day,  or  feven  times  if  they  happened  on  the 
7th  day  of  the  month. 

The  calends  were  reckoned  backwards,  or  In  a re- 
trograde 


CAL 


CAM 


r 237  I 


trcgrade  order : thu?,  for  example,  the  nr  ft  of  May 
being  the  calends  of  May  ; the  laft  or  30th  day  of 
April,  was  the pnilie  cahndarumy  or  2d  ot  the  calends 
of  May ; the  29th  of  April,  the  3d  of  the  calends,  or 
before  the  calends  : and  fo  back  to  the  i 3th,  where  the 
ides  commence  ; which  are  like  wife  numbered  back- 
wards to  the  5th,  where  the  nones  begin  ; which  are 
alio  reckoned  after  the  fame  manner  to  the  hrfl  dayof 
the  month,  which  is  the  calends  of  April.  > 

Hence  comes  this  rule  to  find  the  day  of  the  calends 
anfwering  to  any  day  of  the  month,  viz,  Con  Oder  how- 
many  days  of  the  month  are  yet  remaining  after  the  day 
propofed,  and  to  that  number  add  2,  for  the  number 
of  or  from  the  calends.  For  example,  fuppole  it  were 
the  23d  day  of  April,  it  tvould  then  be  the  9th  of  the 
caledns  of  May  : for  April  containing  30  days,  from 
which  23  being  taken,  there  remains  7 ; to  which  2 
being  added,  makes  tlie  fum  9.  And  the  reafon  for 
this  addition  of  the  conllant  number  2,  is  becaufe  the 
laft:  day  of  the  month  is  called  the  2d  of  the  calends  of 
the  month  following. 

CALIBER,  or  Caliper,  is  the  thicknefs  or  dia- 
meter of  a round  body,  particularly  the  bore  or  width 
of  a piece  of  ordnance,  or  that  of  its  ball. 

Caliber- or  Calip or  fim- 
ple  Calipers,  a fort  of  compafibs  maxlc  with  bowed 
or  archied  legs,  the  better  to  take  the  diameter  of  any 
round  body  ; as  the  diameters  of  balls,,  or  the  bores  of 
guns  ; or  the  diameter,  and  even  the  length  of  cafles, 
and  fuch  like.  The  beft  fort  of  calipers  ufually  con- 
tain the  following  articles',  viz,  ift,  the  mcafure  of  con- 
vex diameters  in  inches  &c  ; 2d,  of  concave  diame- 
ters: 3d,  the  weight  of  iron  fhot  of  given  diameters; 
4th,  the  weight  of  iron  fliot  for  given  gun  bores  ; 3th, 
the  degrees  of  a femicircle  ; 6th,  the  proportion  of 
troy  and  averdupois  weight ; 7th,  the  proportion  of 
Englifh  and  French  feet  and  pounds  weight  ; 8th,  fac- 
tors ufed  in  circular  and  fpherical  ligures ; 9th,  ta- 
bles of  the  fpecitic  gravities  and  weights  of  bodies  ; 
loth,  tables  of  the  cpiantity  of  powder  neceftary  for 
the  proof  and  fervicc  of  brafs  and  iron  guns;  1 ith, 
rules  for  computing  the  number  of  ihot  or  fhells  in  a 
complete  pile;  izth,  rules  foi  the  fall  or  defeent  of 
heavy  bodies;  13th,  rules  for  the  raifing  of  water; 
14th,  rules  for  firing  artillery  and  mortars;  15th,  a 
line  of  inches;  i6lh,  logarithmic  fcales  of  numbers, 
fines,  ver fed  fines,  and  tangents  ; 17th,  a fe6loral  line 
cf  equal  pints,  or  the  line  of  lines  ; 18th,  a fcdtoral 
line  of  planes  and  fupeificics;  and  19th,  a federal 
line  of  folids. 

Cali? pic  Period y.  in  Chronology,  a period  of  76 
years,  continually  recurring  ; at  every  repetition  gf 
which,  it  was  fuppofed,  by  its  inventor  Calippus,  an 
Athenian  aftronomer,  that  the  mean  new  and  full  moons 
would  always  return  to  the  fame  day  and  hour. 

About  a century  before,  the  golden  number,  or  cycle 
of  19  years,  had  been  invented  by  Meton,  which  Ca- 
lippus finding  to  contain  19  of  Nabonaffar’s  year,  4 
days  and  to  avoid  fradions  he  quadrupled  it,  and 

fo  produced  his  period  of  76  years,  or  4 times  19  ; after 
which  he  fuppofed  all  the  lunations  &c  would  regularly 
return  to  the  fame  hour.  But  neither  is  this  exad, 
as  it  brings  them  too  late  by  a whole  day  in  225 
years. 


CAMBER-Beam,  a piece  of  timber  cut  arch-wife, 
or  with  an  obtufe  angle  in  the  middle.  They  are  com- 
monly ufed  in  platforms,  as  for  cliui  ch-rouF,  and  other 
occalions  where  long  timbers  are  wanted  to  lie  at  a 
fmall  dope.  A camber-beam  is  much  ftronger  than 
another  of  the  fame  dimenfions ; for  being  laid  with 
the  hollow  fide  dowmwards,  and  having  good  hutments 
at  the  ends,  they  ferve  for  a kind  of  arch. 

CAME  LEON,  one  of  the  conftellations  of  the 
fouthern  hemifphcre,  near  the  fouth  pole,  and  inviii- 
ble  in  our  latitude.  There  are  10  ftars  marked  in  this 
conftcllation  in  Sharp’s  catalogue. 

CAMELOPA RD ALL^S,  a new  conftcllation  of 
the  northern  hemifphere,  formed  by  Flevelius,  corififting 
of  32  ftars  full  oblerved  by  him.  It  is  fituated  be- 
tween Cepheus,  Cafliopeia,  Perfeus,  the  Two  Bears,  and 
Draco  ; and  it  contains  58  ftars  in  the  Britifti  cata- 
logue. 

CAMERA  JEoliay  a name  given  by  Kirchcr  to  a 
contrivance  for  blowing  the  fire,  for  the  fufion  ot  ores, 
w'iihout  bellows.  This  is  eSedled  by  means  of  water 
falling  through  a funnel  into  a clofe  vefttl,  which  fends 
from  it  fo  much  air  or  vapour,  as  continually  blows  the. 
fire.  Sec  Plook’s  Philof.  Coll.  n°  3,  pa.  8c. 

Camera  Lucidly  a contrivance  of  Dr,  Flook  to 
make  the  image  of  any  thing  appear  on  a wall  in  a 
light  room,  either  by  day  or  night.  See  Phllof.  Tranf. 
n°  38,  pa.  741, 

Camera  Obj'curay  or  Dark  Chamber y an  optical  ma- 
chine or  apparatus,  reprefenting  an  artificial  eye,  by 
which  the  images  of  external  objccls,  received  througli 
a double  convex  glafs,  are  ftiewn  diftinCtly,  and  in  their 
native  colours,  on  a white  ground  placed  within  the  ma- 
chine, In  the  focus  of  the  glafs.  The  firft  invention  of- 
the  camera  obfeara  is  afci  ibed  to  John  Baptifta  Porta. 
See  his  Alag'ia  Naturalis,  lib,  1 7,  cap.  6,  where  he  largely 
deferibes  the  effecls  of  It.  See  alfo  the  end  of  s’Grave- 
fande’s  Perfpedftive,  and  other  optical  writers,  for  the 
conftrucllon  and  ufes  of  various  forts  of  camera  ob- 
fc  liras. 

This  machine  ferves  for  many  ufeful  and  entertaining 
purpofes.  For  example,  it  is  very  ufeful  in  explaining 
the  nature  of  vifion,  reprefenting  a kind  of  artifi- 
cial eye  ; it  exhibits  veiy  diverting  fights  or  fpeiftacles  ; 
fhewing  images  perfectly  like  their  objefls,  clothed  in 
their  natural  colours,  but  more  Intenfe  and  vivid,  and  at 
the  fame  time  accompanied  with  all  their  motions;  an 
advantage  which  no  art  can  imitate  : and  by  this  inftru- 
ment,  a perfon  unacquainted  with  painting,  or  draw- 
ing, may  delineate  objeds  with  the  greateft  accuracy  of. 
drawing  and  colouring. 


^Theory  of  the  Camera  Ohfeura.  The  theory  and 
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principle  of  this  inftniment  may  be  thus  explained* 
If  any  objefl  AB  radiate  through  a fmall  aperture  L, 
upon  a white,  ground  oppoiite  to  it,  witiiin  a darkened 
room,  or  box,  &c  ; the  image  of  the  objedl  will  be 
painted  on  that' ground  in  an  inverted  fituation.  For, 
by  the  fmallnefs  of  the  aperture,  the  rays  from  the  ob- 
lecf  will  crofs  each  other  there,  the  image  of  the  point 
A being  at  ay  and  that  of  B at  ; fo  that  the  whole 
objeft  AB  will  appear  inverted,  as  at  ah.  And  as  the 
correfponding  rays  make  equal  angles  on  both  fides  of 
the  aperture,  if  the  ground  be  parallel  to  the  objedf, 
their  iieights  will  be  to  each  other  directly  as  their  dif- 
iances from  the  aperture. 

Conjlrsitlion  of  a.  Camera  Obfeura,  by  which  the 
images  of  external  objedts  fhali  be  reprefented  diftindlly, 
and  in  their  genuine  colours,  ift,  Darken  a chamber 
that  has  one  of  its  windows  looking  towards  a place 
containing  various  objects  to  be  viewed ; leaving  only 
.Cl  fmall  aperture  open  in  one  (hiitter,  2d,  In  this  aper- 
ture fit  a proper  lens,  either  plano-convex,  or  convex 
on  both  Tides;  the  convexity  forming  a fmall  portion 
of  a large  fpiiere.  But  note,  that  if  the  aperture  be 
made  very  fmall,  as  of  the  fize  of  a pea,  the  objedls  will 
be  reprefented  even  without  any  lens  at  all.  3d,  At  a 
proper  diflance  to  be  determined  by  trials,  ftretch  a pa- 
per or  white  cloth,  milefs  there  be  a white  w^all  at  that 
diflance,  to  receive  the  images  of  the  objedts  : or  the 
befl:  way  is  to  have  fome  plaifter  of  Paris  call  on  a con- 
vex mould,  io  as  te  form  a concave  fmooth  furface,  and 
of  a curvature  and  fize  adapted  to  the  lens,  to  be  placed 
occafjonaily  at  the  proper  diftance.  4th,  If  it  be  ra- 
ther defired  to  have  the  objedts  appear  eredf,  iniiead  of 
inverted,  this  may  be  done  either  by  placing  a concave 
lens  between  the  centre  and  the  focus  of  the  firfl  lens  ; 
or  by  refledling  the  image  from  a plane  fpeculum  in- 
clined to  the  horizon  in  an  angle  of  45  degrees ; or  by 
having  two  lenfes  included  in  a draw-tube,  inftead  of 
<5ne. 

That  the  images  be  clear  and  didindf.  It  is  necefTary 
that  the  objedls  be  illuminated  by  the  fun’s  light  fhin- 
ing  upon  them  from  the  oppofite  quarter : fo  that,  in 
a weftern  profpedi  the  images  will  be  bell  feen  in  a 
forenoon,  an  eaflern  profpedf  the  afternoon,  and  a 
Borthern  profpedf  about  noon  ; a fouthern  afpedf  is 
the  lead  eligible  of  any.  But  the  befl  way  of  any  is, 
af  the  lens  be  fixed  in  a proper  frame,  on  the  top  of  a 
building,  and  made  to  move  eafily  round  in  all  direc- 
tions, by  a handle  extended  to  the  perfon  wlio  manages 
the  inflrument ; the  images  being  then  thrown  dowm 
into  a dark  room  immediately  below  it,  upon  a horizon- 
tal round  plaifter  of  Paris  ground : for  thus  a view  of 
all  the  objects  quit  's  around  may  eafily  be  taken  in  the 
fpace  of  a fewminates  ; as  is  the  cafe  of  the  excellent 
camera  obfeura  placed  on  the  top  of  the  Royal  Obfer- 
vatory  at  Green'wich. 

The  objedls  will  be  feea  brighter,  If  the  fpedlator 
firfl  wait  a few  minutes  in  the  dark.  Care  fhould  alfo 
be  taken,  that  no  light  efcape  through  any  chinks  ; and 
that  the  ground  be  not  too  much  illuminated.  It  may 
further  be  obferved,  that  the  greater  diftance  there  is  be- 
tween the  aperture  and  the  ground,  the  larger  the 
images  will  be  ; but  then  at  the  fame  time  the  bright- 
nefs  is  weakened  more  and  more  with  the  increafe  of 
4iftanee<» 


To  confrtiB  & Pori  able  Camera  Ohfeura^  I ft,  Pro- 
vide a final!  box  or  cheft  of  dry  wood,  and  of  about  10 
inches  broad,  and  2 feet  long  or  more,  according  to 
the  fize  of  the  lenfes.  2d,  In  one  fide  of  it,  as  BD,, 
fit  a Hiding  tube  EF  with  two  lenfes;  or,  to  have  the 
image  at  a lefs  diftance  from  the  tube,  with  three  lenfes^ 
convex  on  both  fides ; the  diameter  of  the  two  outer 
ones  to  be  about  7 inches,  but  that  of  the  inner  to  be' 
lefs,  as  4I  or  5 inches.  3d,  At  a proper  diftance^ 
within  the  box,  fet  up  perpendicularly  an  oiled  paper 
GH,  fo  that  images  thrown  upon  it  rnay  be  feen  through, 
4th,  111  the  oppofite  fide,  at  I,  make  a round  hole,  for  a 
perfon  to  look  conveniently  through  with  both  eves. 
Then  if  the  tube  be  turned  towards  the  objedls,  and  the 
lenfes  be  placed  by  trials  at  the  proper  diftance,  by  Hid- 
ing the  tube  in  and  out,  the  objedls  will  be  feen  deline-  ' 
ated  on  the  paper,  eredt  as  before. 

The  machine  may  be  better  accommodated  for  draw- 
ing, by  placing  a mirror  to  pafs  from  G to  C ; for  this 
will  refledl  the  image  upon  a rough  glafs  plane,  or  an 
oiled  paper,  placed  horizontally  at  AB  ; and  a copy  of 
it  may  there  be  Hcetched  out  with  a black-lead  penciled 


Another  Portable  Camera  Obfeura  is  thus  made,  ilf, 
On  the  top  of  a box  or  cheft  raife  a little  turret  HI^ 
open  towards  the  objedl  AB.  2d,  Behind  the  aper- 
ture, incline  a fmall  mirror  ab  at  an  angle  of  45 
grees,  to  refledt  the  rays  ha  and  B^  upon  a lens  G con- 
vex on  both  fides,  and  included  in  a tube  GD.  Gr  the 
lens  may  be  fixed  in  the  aperture.  3d,  At  the 


tance  of  the  focus  place  a table,  or  board  EF,  covered 
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a' white  paper,. to  receive  the  Iraage  a^,  Laftly,  In 
MN  make  aa  oblong  aperture  to  look  through  ; and  an 
'openiTig  may  alfo  be  made  in  the  fide  of  the  box,  for 
•'the  convenience  of  drawing,. 

This  fort  of  camera  is  ealily  changed  into  a {how*box, 
for  viewing  prints,  &e  : placing  the  print  at  the  bot- 
tom of  the  box,  with  its  upper  part  inwards,  where  it 
IS  enlightened  through  the  front,  left  open  for  this 
•purpole,  either  by  day  or  candle-light;  and  the  print 
may  be  viewed  through  the  aperture  in  HI. — A va- 
riety of  contrivances  lor  this  piirpofe  may  be  feen  de- 
fcrlbed  in  Harris’s  Optics,  b.  ii.  feft.  4.  — Mr,  Storer 
has  alfo  procured  a patent  for  an  inftriimcnt  of  this 
fort,  which  he  calls  a delineator  ; being  formed  of  two 
double  convex  Icnies  and  a plane  mirror,  fitted  into  a 
proper  box.  One  lens  is  placed  clofe  to  the  mirror, 
making  with  it  an  angle  of  45  degrees  ; the  other  be- 
ing  placed  at  right  angles  to  the  former,  and  fixed  in 
a moveable  tube.  If  the  moveable  lens  be  direfled  to- 
wards the  objecf,  which  is  to  be  v.ewed  or  copied,  and 
moved  nearer  to  or  farther  from  the  mirror,  till  the 
image  is  dillinttly  formed  on  a greyed  glafs,  laid  upon 
that  iurface  of  the  upper  lens  which  is  next  the  ey'C, 
it  will  be  found  more  lharp  and  vivid  than  thofe  formed 
in  the  common  infiruments  ; becauit  the  image  is  taken 
wp  fo  near  the  upper  lens.  And  by  increafing  the  dia- 
meter and  curvature  of  the  leafes,  the  clfect  will  be 
much  heightened. 

CAMUS,  ( Charles-Sttphen-Le^ns ) y a celebrated 
French  mathematician,  Examiner  of  the  royal  Schools 
of  Artillery  and  Engineers,  Secretary  and  ProfefTor  of 
the  Royal  Academy  of  Architecture,  Honorary  mem- 
ber of  that  of  the  Marine,  and.fellow  of  the  Royal  So- 
ciety ot  London,  was  born  at  Crefiy  en  Brie,  the  25th 
of  Augull  1699.  His  early  ingenuity  in  mechanics 
and  his  own  intreaties  induced  his  parents  to  fend  him 
to  ftudy  at  a college  in  Paris,  at  lo  years  of  age  ; where 
in  the  fpace  of  two  years  his  progrefs  was  fo  great, 
that  he  was  able  to  give  leflbns  in  mathematics,  and 
thus  to  defray  his  own  expences  at  the  college,  without 
any  farther  charge  to  his  parents.  By  the  affiftance  of 
the  celebrated  Varignon,  young  Camus  foon  ran 
through  the  courfe  of  the  higher  mathematics,  and  ac- 
quired a name  among  the  learned.  He  made  himfelf 
more  particularly  known  to  the  Academy  of  Sciences 
in  172",  by  his  memoir  upon  the  fubjedt  of  the  prize 
which  they  had  propofed  for  that  year,  viz,  ‘ To  de- 
termine the  moll  advantageous  way  of  mafting  fhips  p 
in  confequence  of  which  he  was  named  that  year  Ad- 
joint-Mechanician to  the  Academy  ; and  in  1730  he  was 
appointed  profeiTor  of  Archltefture.  In  lels  than 
three  years  after,  he  was  honoured  w'ith  the  lecretavy- 
fhip  of  the  fame  ; and  the  i8th  of  April  1733,  he  ob- 
tained the  degree  of  Afioclate  in  the  Academy,  where 
he  diftinguifhed  himfelf  greatly  by  his  memoirs  upon 
living  forces,  or  bodies  in  motion  adted  upon  by  forces, 
on  the  figure  of  the  teeth  of  wheels  and  pinions,  on 
pump  work,  and  feveral  other  ingenious  memoirs. 

In  1736  be  was  fent,  in  company  with  MeflieurS 
Clairaut,  Maupertuis,  and  Monn’.ei',  upon  the  celebrated 
expedition  to  meafure  a degree  at  the  north  polar  cir- 
cle ; in  which  he  rendered  himlelf  highly  iifeful,  not 
only  as  a mathematician,  but  alfo  as  a mechanician  and 
an  artift,  branches  for  which  he  had  a remarkable  ta- 
lent* 
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In’1741  Camus  had  the  honour  to  be  appointed  ' 
Femioner-Geornetriclan  in  the  Academy  ; and  the  fame 
year  he  invented  a gauging-rod  and  fliding-riile  proper 
at  once  to  gauge  all  forts  of  cafles,  and  to  calculate  their 
contents,  xAbout  the  year  1747  he  was  named  Ex- 
aminer of  the  Schools  of  Artillery  and  Engineers  : and, 
in  1756,  one  of  the  eight  mathematicians  appointed  to 
examine  by  a new  meafurement,  the  bafe  which  had 
formerly  been  meafured  by  Picard,  between  Villejuifve 
and  Juvifi  ; an  operation  m which  his  ingenuity  and 
exa^fnefs  were  of  great  utility.  In  1765  Camus- 
was  eledfed  a fellow  of  the  Royal  Society  of  London  ; 
and  died  the  4th  of  May  1768,  In  the  69th  year  of  his  < 
age  ; being  fucceeded  by  the  celebrated  d’Alembert  in  his 
office  of  Geometrician  in  the  French  Academy  ; and' 
leaving  behind  him  a great  number  of  manufeript  tvea- 
tifes  on  various  branches  of  the  mathematics. 

The  works  publilhed  by  M.  Camus,  are  : 

1.  Courfe  of  Mathematics  for  the  ufe  of  the  EngU 
neers,  4 vols.  in  Svo. 

2.  Elements  of  Mechanics. 

3.  Elements  of  Arithmetic, 

And  his  memoirs  printed  in  the  volumes  of  the  Aca- 
demy, are  : 

1.  Of  Accelerated  Motions  by  living  forces:  vol» 
for  1728. 

2.  Solution  of  a 'Geometrical  Problem  of  M.  Cra- 
mer: 1732. 

3.  On  the  figure  of  the  teeth  and  pinions  in  clocks : 

^733-  . . . 

4.  On  the  aiflion  of  a Mufleet  ball,  piercing  a pretty 

thick  piece  of  w'ood,  without  communicating  any  con- 
liderable  velocity  to  it  : 1738. 

y.  On  the  bed  manner  of  employing  buckets  for 
railing  water  : 1739. 

6.  A Problem  in  Statics:  1740, 

7.  On  an  Inltrument  for  ganging  of  velTels : ■174I* 

8.  On  the  Standard  of  the  Ell  .Meafure  : 1746. 

9.  On  the  Tangents  of  Points  common  to  fevera! 
branches  of  the  fame  curve  : 1747. 

10.  On  the  Operations  In  meafuring  the  diltance  be- 
tween the  centres' of  the  pyramids  of  Villejuivc  and 
Juvify,  to  difeover  the  bell  meafure  of  the  degree  about 
Paris:  1754. 

I I.  On  the  Mailing  of  Ships  : Prize  Tom.  2. 

12.  The  Manner  of  working  Oars:  Mach.  tom.  2® 

13,  A Machine  for  moving  many  Colters  at  once  ; 
Mach.  tom.  2. 

CANCER,  the  Crahy  one  of  the  twelve  figns  of  the 
zodiac,  ufually  drawn  on  the  globe  in  the  form  of  a 
crab,  and  in  books  of  Allronomy  denoted  by  a charac- 
ter refcmbling  the  number  fixty-nine,  turned  Tideways, 
thus  55  • 

This  is  one  of  the  48  old  condellations;  and,  from  the 
hieroglyphic  mode  of  writing  among  the  Egyptians  &c, 
it  is  probable  that  they  gave  the  name  and  figure  to  this 
condellation  from  the  following  circumdance,  viz,  that 
as  the  crab  is  an  animal  that  goes  lidding  backwards, 
fo  the  fun,  In  his  annual  courfe  through  the  zodiac, 
when  he  arrives  at  this  part  of  the  ecliptic,  having 
reached  his  utinod  limit  northwards,  begins  there  to 
return  back  again  towards  the  fouth.  But  the  Greeks,, 
who  adapted  fome  fable  of  their  owm  to  every  thing  of 
this  kind,  pretend  that  when  Hercules  was  fighting  with 
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the  T^rnjcan  liydra,  there  was  a crab  upon  the  marOi 
which  feized  his  foot.  The  hero  crufhed  the  reptile  to 
pieces  under  his  heel ; but  Juno,  in  gratitude  for  the 
odered  fervice,  little  as  it  was,  raifed  the  creature  into 
the  heavens. 

The  number  of  ftars  in  the  fign  cancer,  Ptolemy 
makes  1:5,  Tycho  ic,  Bayer  and  Hevelius  20,  and 
Flamlleed  83. 

Tropic  of  Cancer,  a little  circle  of  the  fphere  pa- 
rallel to  tlie  equinodtial,  and  palling  through  the  begin- 
siing'of  the  fign  cancer. 

CANOLEMAS,  or  the  Purijtcationy  a feaft  of  the 
* church,  held  on  the  2d  of  February,  in  memory  of 
tbe  purification  of  the  Virgin  ; taking  its  name  of  Can- 
dlemas, either  from  the  number  of  lighted  candles  ufed 
by  the  Romilh  ehurch,  in  the  proceffions  of  this  day,  or 
becaufe  that  the  church  then  confecrated  candles  for 
the  whole  year. 

CANES  enaticiy  the  Hounds y or  the  Greyhounds y one 
of  the  new  conftellations  of  the  northern  hemilphere, 
which  Hevelius  has  formed  out  of  the  unformed  ftars 
of  the  old  catalogues.  Thefe  two  dogs  are  farther  dif- 
tinguilhed  by  the  names  of  ajierion  and  chara.  They 
contain  23  ftars  according  to  Hevelius,  but  25  in  the 
Britilh  catalogue, 

CANICULA,  a name  given  by  many  of  the  earlier 
aftfonomers  to  the  conftellation  which  we  call  the  I.,efftr 
Dog,  and  Ganis  Minor,  but  feme  Procyon  and  Ante- 
canis.  See  Canis  Minor. 

It  is  aifo  ufed  for  one  of  the  ftars  of  the  con- 
ftellation Canis  Major ; called  alfo  ftmply  the  Dog-ftar  ; 
and  by  the  Greeks  leip>o<;,  Sirius.  It  is  fituated  in  the 
mouth  of  the  conftellation,  and  is  the  largeft  and  bright- 
-€ft  of  all  the  ftars  in  the  heavens.  From  the  heliacal 
rifing  of  this  ftar,  that  is,  its  emerfion  from  the  fun’s 
rays,  which  now  happens  with  us  about  the  I ith  of 
Aiiguft,  the  ancients  reckoned  their  dies  canicular eiy  or 
dog-days. 

The  Egyptians  and  Ethiopians  began  their  year  at 
the  heliacal  rifing  of  Canicula  4 reckoning  to  its  rife 
again  the  next  year,  which  is  called  the  Annus  Canarius, 

CANICULAR  D-ays-y  or  Log-days,  denote  a cer- 
tain number  of  days,  before  and  after  the  heliacal  rifing 
of  canicula,  or  the  dog-ftar,  in  the  morning,  'i’he  an- 
cients imagined  that  thisftarjfo  rifing,  occafioneJ  the  lul- 
try  weather  ufually  felt  in  the  latter  part  of  the  fummer, 
or  dog-days  ; with  all  the  dillempers  of  that  fickly'fea- 
fon  : Homer’s  11.  lib-  5,  v.  10,  and  Virgil’s  iEn.  lib.  10, 
V,  270.  Some  authors  fay,  from  Hippocrates  and  Pliny, 
that  the  day  tViis  ftar  firft  rifes  in  the  morning,  the  fea 
boils,  wine  turns  four,  dogs  begin  to  grow  mad,  the 
bileincreafes  and  irritates,  and  all  animals  grow  languid ; 
alfo  that  the  difeafes  it  ufually  occafions  in  men,  are 
burning  fevers,  dyfenteries,  and  phrenfies.  The  Ro- 
mans too  facrificed  aBrown  dog  every  year  to  Canicula 
at  his  firft  rifing,  to  appeafe  its  rage.  All  this  how- 
ever arofe  from  a groundlefs  idea  that  the  dog-ftar,  fo 
rifing,  was  the  occafion  of  the  extreme  heat  and  the 
difeafes  of  that  feafon  ; for  the  ftar  not  only  varies  in  its 
rifing,  in  any  one  year,  as  the  latitude  varies,  but  it  is 
always  later  and  later  every  year  in  all  latitudes ; fothat 
in  time  the  ftar  may,  by  the  fame  rule,  come  to  be 
charged  with  bringing  froft  and  fnow,  when  he  comes 
.to  rife  in  winter. 


The  dog-days  were  commonly  counted  for  about  40 
days,  viz,  io  days  before  and  20  days  after  the  heliacal 
rifing ; and  almaoac-makers  have  ufually  fet  down  the 
dog-days  in  their  almanacs  to  the  changing  time  of  the 
ftar’s  rifing,  by  which  means  they  had  at  length  fallen 
confiderably  after  the  hotteft  time  of  the  year,  till  of 
late  v/e  haveobferved  an  alteration  of  them  in  the  al- 
manacs, and  very  properly,  from  July  3 to  Auguft  1 1. 
For,  by  the  dog-days,  the  ancients  meant  to  exprefs  the 
hotteft  time  of  the  year,  which  is  commonly  during 
the  month  of  July,  about  which  month  the  dog-ltar 
rofe  heliacally  in  the  time  of  the  moft  ancient  aftrono- 
mersthat  we  know  of:  but  the  preceflion  of  the  equi- 
noxes has  carried  this  heliacal  rifing  into  a much  later 
and  cooler  part  of  the  year;  and  becaufe  Hefiod  tells 
us  that  the  hot  time  of  the  year  ends  on  the  i^oth  day 
after  the  fummer  folft ice,  which  brings  us  to  about  Au- 
guft IO  or  1 1,  therefore  the  above  alteration  feenis 
be  very  proper. 

Canicular  Teary  denotes  the  Egyptian  natural 
year,  w'hich  was  computed  from  one  heliacal  rifing  of 
canicula,  to  the  next.  This  year  was  aifo  called  annus 
canariuSy  'AVidi  annus  cynu  us  ; and  by  the  Egyptians  them- 
felves  the  Sethk  yeat'y  from  Sethy  by  which  name  they 
called  '^irius.  Borne  call  it  alfo  the  heliacal  year.  This 
year  confided  ordinarily  of  365  days,  and  every  4th  year 
of  366;  by  which  means  it  was  accommodated  to  the 
civil  year,  like  the  Julian  account.  And  the  reafon 
why  they  chufe  this  ftar,  in  preference  to  others,  to 
compute  their  time  by.  was  not  only  the  fuperior  brlght- 
nefs  of  that  ftar,  but  becaule  that  in  Egypt  its  heliacal 
rifing  was  a time  of  very  lingular  note,  as  coinciding 
with  the  greateft  augmentation  of  the  Nile,  the  reputed 
father  of  Egypt.  F.pheftion  adds,  that  from  the  afpedf 
of  canicula,  its  colour  &c,  the  Egyptians  drew  prog- 
noftics  concerning  the  rife  of  the  Nile;  and,  according 
to  Florus,  predicted  the  future  ftate  of  the  year,  bo  that 
it  is  no  wonder  the  firft  rifing  of  this  ftar  was  obferved 
with  great  attention.  Bainbrigge,  Canicul.  cap.  4.  p.  26. 

CANIS  Major,  the  Great  Dog,  a conlltllatlon  of 
the  fouthern  hemifphere,  below  the  feet  of  Orion,  and 
one  of  the  old  48  conftellations.  The  Greeks,  as 
ufual,  have  many  fables  of  their  own  about  the  exalta- 
tion of  the  dog  into  the  fkies  ; but  the  origin  of  thi* 
conftellation,  as  well  as  its  other  name  Sirius,  lies  more 
probably  among  the  Egyptians,  who  carefully  watched 
the  rifing  of  this  ftar,  and  by  it  judged  of  the  fwclliag 
of  the  Nile,  calling  the  ftar  the  fentinel  and  watch  of 
the  year  ; and  hence,  according  to  their  manner  of  hie- 
roglyphic  writing,  reprefented  it  under  the  figure  of 
a dog.  They  aifo  called  the  Nile  ^iris } and  hence 
their  Ofiris. 

The  ftars  In  this  conftellation,  Ptolemy  makes  29; 
Tycho  however  obferved  only  13,  and  Hevelius  2I  ; but 
in  Flamftecd’s  catalogue  they  ar^  3 1. 

Canis  Minor,  a conftellation  of  the  northern  hemi- 
fphere, juft  below  Gemini,  and  is  one  of  the  48  old 
conltellations.  The  Greeks  fabled  that  this  is  one  of 
Orion’s  hounds  ; but  the  Egyptians  were  moft  probably 
the  inventors  of  this  conftellation,  and  they  may  have 
given  it  this  figure  to  exprefs  a little  dog,  or  watchful 
creature,  going  befoie  as  leading  in  the  larger,  or  rifing 
before  it : and  hence  the  Latins  have  called  it  Ante- 
canis,  the  ftar  before  the  dog. 
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Tl»e  ftars- in  tills  conftcllation  are,  In  Ptolomy’s  ca- 
talogue 2,  the  prkicipal  of  which  is  the  ftar  Procyon  ; 
in  Tvcho’s  5,  in  Hevehus’s  13  ; anti  in  Flamfleed’s  14. 

CANNON,  in  Military  Affairs,  a long  round  hol- 
low engine,  made  of  iron  or  brafs.  Sec,  for  throwdng 
balls,  See,  by  means  of  gunpowder.  The  length  is  diflin- 
guiihed  into  three  parts  ; the  firft  reinforce,  the  fecond 
reinforce,  and  the  chafe  ; the  infide  hollow'  w'here  the 
charge  is  lodged,  being  alfo  called  the  chafe,  or  bore. 
Bnt  for  the  feveral  parts  and  members  of  a cannon,  fee 
Astragal,  Base-ring,  Bore,  Breecr,  Cascabel, 
Chase,  Muzzle,  Ogee,  Reinforce-mng,  Trun- 
nions, (kc.  See  alfo  Gun,  and  Gunnery. 

Camion  were  firft  made  of  leveral  bars  of  iron  adaoted 
to  each  other  lengthways,  and  hooped  together  with 
ilrong  iron  rings.  They  were  emploved  in  throwing 
Hones  and  metal  of  fercrai  liundrcd  weight.  Others 
were  made  of  thin  fnects  of  iron  rolled  np,  and  hooped: 
and  on  emergencies  they  have  been  even  made  of  lea- 
ther, with  plates  of  iron  or  copper.  They  are  now 
made  of  calf  iionorbrafs;  being  caft  folid,  and  the 
tube  boi'cd  out  of  the  middle  of  the  iohd  metal. 

Larrey  makes  brafs  cannon  the  Invention  of  J.  Owen  ; 
and  afferts  that  the  fird  known  in  England,  were  in 
1533  ; and  farther  that  iron  cannon  werefrff  caft  here 
in  1547.  He  acknowledged  that  cannon  were  known 
before;  and  remarks  that  at  the  battle  of  CrcfTi,  in 
3346,  there  v/ere  5 pieces  of  cannon  in  the  Englilh 
army,  w'hich  were  the  firff  ever  feen  in  France.  Me- 
zeray  alfo  obferves  that  king  Edward  flruck  terror  into 
the  French  army,  by  5 or  6 pieces  of  cannon  ; it  being 
the  firlf  time  they  had  met  luch  thundering  machines. 

In  the  liff  of  aids  raifed  for  the  redemption  of  king 
John  of  France,  in  1368,  mention  is  made  of  an  ofEcer 
ic  the  French  army  called  mcifler  of  ihc  king’ s cannon,  and 
of  his  providing  4 large  cannon  for  the  garrifon  of  Har- 
fleur.  But  father  Daniel,  In  his  life  of  Philip  of  Va- 
lois, produces  a proof  from  the  records  of  the  cham- 
ber of  accounts  at  Purls,  that  cannon  and  gunpowder 
were  ufed  In  the  year  1338.  And  Du-Cange  even 
finds  mention  of  the  fame  engines  in  Froilfart,  and  other 
FVench  hiltorians,  fome  time  earlier. 

The  Germans  carry  the  invention  of  cannon  farther 
back,  and  aferibe  it  to  Albertus  Magnus,  a Dominican 
monk,  about  the  year  1250.  But  Ifaac  Voffius  finds 
CvUnnon  in  China  upwards  of  1700  years  ago;  being 
ufed  by  the  emperor  Kitey,  In  the  year  of  ChrHl  85. 
The  ancients  too,  of  Europe  and  Afia,  had  their  fleiy 
tubes,  or  canna,  wdilch  being  louden  with  pitch,  ftones, 
and  iron  balls,  were  exploded  with  a vehement  noife, 
Imoke,  and  great  effedl. 

Cannon  were  formerly  made  of  a very  great  length, 
which  rendered  them  exceedingly  heavy,  and  their  ufe  ve- 
rytroublefome  and  confined.  But  It  has  lately  been  found 
by  experiment  that  there  is  very  little  added  to  the  force 
of  the  ball  by  a great  length  of  the  cannon,  and  there- 
fore they  have  very  properly  been  much  reduced  both  in 
their  length  and  weight,  and  rendered  eafily  manageable 
upon  all  occafions.  They  w'ere  formerly  diflinguifhed 
by  many  hard  and  terrible  names,  but  are  now  only 
named  from  the  weight  of  their  ball ; as  a 6 pounder, 
a 12  pounder,  a 24  pounder,  or  a 42  pounder,  which 
is  the  largefl  fize  novv  ufed  by  the  Engllfli  for  battering, 
CANON,  in  Algebra,  Arithmetic,  Geometry,  &c, 
VoL,  L 


IS  a general  rule  for  refolving  all  cafea  of  a tike  nature 
with  the  prefent  enquiry.  I’hus  the  lall  flop  of  every 
equation  is  fuch  a canon,  and  if  turned  into  words,  be- 
comes a rule  to  refolve  ail  cafes  or  queflions  of  the  fame 
kind  with  that  propofed. 

Tables  of  lines,  tangents,  &c,  whether  natural  or  ar- 
tificial, are  alfo  called  canons. 

Canon,  in  Ancient  Mulic,  Is  a rule  or  w^ay  of 
determining  the  Intervals  of  mufieal  notes.  Ptolomy, 
reje cling  the  Arifloxenian  way  of  mealuring  the  inter- 
vals in 


_ munc  by  the  magnitude  of  a tone,  formed  by 
the  difference  between  a diapente  and  a diateffaron, 
thoi’oht:  thntThey  Eiould  be  diffincfuilhed  bv  the  ratios 


which  the  ff)iirids  terminating  ihofe  intervals  bear  to  one 
another,  when  confidered  according  to  their  degree  of 
acutenefs  or  fTavitv;  which,  before  Arifloxenus,  was  the 
old  Pythagorean  wuyi  Tie  tlierefore  made  thediapafon 
coniiit  in  a double  lalio  ; the  diape'nte  confiit  in  a fefqui- 
alterate  ; th.e  ciatciTaron,  in  a lefquiiertian  ; and  the  tone 
itlclf.  in  a fefquiodlave  ; and  ail  the  other  intervals,  ac- 
cording to  the  proportion  of  the  founds  that  terminate 
thcMii  : wherefore,  taking  the  canon,  as  it  is  called,  for  a 
determinate  line  of  any  length,  he  fiiews  how  this  is  to 
be  cut,  that  it  may  repi  efent  the  relpeftive  intervals  : and 
this  method  anfwers  exadlly  to  experiments  in  the  dif- 
ferent lengths  of  mufical  chords.  From  this  canon, 
Ptolomy  and  his  followers  have  been  called  Canonici ; 
asthofe  of  Arifloxenus  were  called  Mujici. 

Pnfeal  Canon,  a table  of  the  moveable  feafls, 
fliewlng  the  day  of  Eafler,  and  the  other  feafls  de- 
pending upon  it,  for  a cycle  or  period  of  19  years.  It 
is  faidthat  the  Pafeal  Canon  w'asthe  calculation  of  Eu- 
febius  of  Czefarea,  and  that  it  was  made  by  order  of  the 
council  of  Nice. 

CANGPUS,  a name  given  by  fome  of  the  old  aflro- 
nomers  to  a flar  under  the  2d  bend  of  Eridanus.  Thefc 
writers  fay  that  the  river  in  the  heavens  is  not  the  Eri- 
danus,  but  the  Nile,  and  that  this  flar  commemorates  an 
ifland  made  by  that  river,  which  w^as  called  by  the  fame 


name. 


Canopus  is  alfo  the  name  of  a bright  flar  of  the 
firfl  magnitude  in  the  rudder  of  the  fhip  Argo,  one  of 
the  fouthern  conllellations.  Its  fituation,  as  given  by 
feveral  authors,  at  different:  times,  is  as  follows; 
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C ANT ALIVFI RS,  in  Architedture,  are  the  fame 
with  modilllons,  except  that  the  former  are  plain,  and 
the  latter  carved.  They  are  both  a kind  of  cartoufes, 
fet  at  equal  dilUnces  under  the  corona  of  the  cornice  of 
a building. 

CANTON  (John),  an  ingenious  natural  phllo- 
fopher,  vras  born  at  Stroud,  In  Glouceflerfliire,  in  1718; 
and  was  placed,  wdien  young,  under  the  care  of  Mr 
Davis,  an  able  mathematician  of  that  place,  wdth  whom 
he  had  Itvvned  both  vuh^ar  and  decimal  arithmetic  be- 
fore he  v/as  quite  9 years  of  age.  He  next  proceeded 
to  higher  parts  of  the  mathematics,  and  particularly  to 
algebra  and  aflronomy.  In  which  he  had  made  a con- 
fiderable  progrefs  wlien  his  father  took  him  from  fchool, 
and  fet  him  to  learn  his  own  bufinefs,  which  \vas  that 
I i of 
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of  a broad  cloth  weaver.  This  circiimftanGe  was  not 
able  to  damp  his  zeal  for  acquiring  knowledge.  All 
his  leifure  time  was  devoted  to  the  afhduous  cultivation 
of  allronomical  fclence  ; by  which  he  was  foon  able  to 
calculate  lunar  eclipfes  and  other  phenomena,  and  to 
corillrudt  various  kinds  of  fun -dials,  even  at  times  when 
he  ought  to  have  dept,  being  done  without  the  know- 
ledge and  confent  of  his  father,  who  feared  that  fueh 
lludies  might  injure  his  health.  It  w^as  during  this  pro- 
hibition, and  at  thefe  hours,  that  he  computed,  and  cut 
upon  Hone,  with  no  better  an  inftrument  than  a com- 
mon knife,  the  lines  of  a large  upright  fun-dial,  on  wdiich, 
befide  the  hour  of  the  day,  were  fhewn  the  fun’s  riling, 
his  place  in  the  ecliptic,  and  fome  other  particulars. 
When  this  was  finidied  and  made  known  to  his  father, 
he  permitted  it  to  be  placed  againll  the  front  of  his 
houfe,  where  it  excited  the  admiration  of  feveral  neigh- 
bouring gentlemen,  and  introduced  young  Canton  to 
their  acquaintance,  which  was  followed  by  the  offer  of 
the  life  of  their  libraries.  In  the  library  of  one  of  thefe 
gentlemen  he  found  Martin’s  Philofophical  Grammar, 
which  was  the  firfl  book  that  gave  him  a take  fof  na- 
tural philofophy.  In  the  poffeffion  of  another  gentle- 
man he  firft  faw  a pair  of  globes ; a circumdance  that 
aiforded  him  great  pleafure,  from  the  great  eafe  with 
which  he  could  refolve  thofe  problems  he  had  hitherto 
i>een  accuftomed  to  compute. 

Among  other  perfons  with  whom  be  became  ac- 
quainted in  early  life,  wasDr.  Henry  Miles  of  Tooting; 
w^ho  perceiving  that  young  Canton  podeded  abilities 
too  promifing  to  be  condned  within  the  narrow  limits 
of  a country  town,  prevailed  on  his  father  to  permit 
him  to  come  up  to  London,  Accordingly  he  arrived 
at  the  metropolis  the  4th  of  March  1737,  and  redded 
with  Dt.  Miles  at  Tooting  till  the  6th  of  May  follow- 
ing; w^hen  he  articled  lilrafelf,  for  the  term  of  5 years, 
as  a clerk  to  Mr.  Samuel  Watkins,  maker  of  the  aca- 
demy in  Spital  Square,.  In- this  fituationhls  ingenuity, 
diligence,  and  prudence,  were  fo  didinguhhed,  that  on 
the  expiration  of  his  clerkdrip  in  May  1742,  he  was 
taken  into  partnerdilp  with  Mr.  Watkins  for  3 years; 
which  gentleman  he  afterward  fucceeded  in  the  fchool, 
and  there  continued  during  his  whole  life. 

Towards  the  end  of  i 745,  eleftricity  received  a, great 
improvement  by  the  dlfcovery  of  the  famous  Leyden 
phial.  This  event  turned  the  thoughts  of  mod  of  the 
philofophers  of  Europe  to  that  branch  of  natural  plii- 
lofophy ; and  our  autboiq  who  was  one  ®f  the  fird  to 
repeat  and  to  piirfue  the  experiment,  found  his  endea- 
vours rewarded  by  many  notable  difcoverles. — Towards 
ihe  end  of  1.74Q.,.  he  was  engaged  with  his  friend,  the 
late  ingenious  Benjamin  Robins,  in  making  experiments 
to  determine  the  height  to  wliich  rockets  may  be  made 
to  afeend,  and  at  what  didance  their  light  may  be  feen... 
< — In  1750  was  read  at  the  Royal  Society,  Mr.  Canton’s 

Method,  of  making  Artidclal  Magnets,  witliout  the 
ufe  of,  and  yet  far  fLiperior  to,  any  natural  ones.”  This 
paper  procured  him  the  honour  of  being  eledfed  a mem- 
ber of  the  Society,  and  the  prefent  of  their  gold  me- 
dal. The  fame  year  he  v/as  complimented  with  the 
degree  of  M.  A.  by  the  univerfity  of  Aberdeen,  And 
in  175. 1 he  was  chofen  one  of  the  council  of  the  Royal 
Society ; an  honour  which  was  twice  repeated  after- 
wards* 


In  1772,  our  philofopher  u'us  fo  fortunate  as  to  be 
the  fil'd  perfon  in  England  who,  by  att!'a6flng  the  elec- 
tric fire  from  the  clouds  during, a thiinder-florm,  veri- 
fied Dr-  Franklin’s  hypothefis  of  the  limilarity  of  light- 
ning and  elcEtricIty.  Next  year  his  paper  intitled 
“ Ele£Irical  Experiments,  with  an  attempt  to  account 
for  their  feveral  phenomena,”  was  read  at  the  Royal 
Society.  In  the  fame  paper  Mr.  Canton  mentioned' his- 
having  difeovered,  by  many  experiments,  that  iome 
clouds  were  In  a pofitive,  and  fome  in  a negative  date 
of  eleclricity  : a dilcovery  which  was  alfo  made  by 
Dr.  Franklin  in  America  much  about  the  fame  time- 
This  circumdance,  together  with  our  author’s  condant 
defence  of  tlie  doftor’s  hypothefis,  induced  that  excellent 
philofopher,  on  his  arrival  in  England,  to  pay  Mr.  Can- 
ton a vidt,  and  gave  rife  to  a fi'Iendtliip  which  ever  after 
continued  between  them. — In  the  Ladies’  Diary  for 
1 7 56,  our  author  anfvvercd  the  prize  query  that  had 
been  propofed  in  the  preceding  year,  concerning  the- 
meteor  called  fliooting  dars.  The  folution,  though  only 
dp'ned  A.  M.  was  fo  fatisfaftorv  to  his  friend,  the 
excellent  mathematician  Mr.  Thomas  Simplon^  who 
then  conduced  that  ingenious  and  ufeiul  little  work, 
that  he  fent  Mr.  Canton  the  prize,  accompanied 
with  a note,  in  which  he  faid  he  was  fare  that  he 
was  not  midaken  in  the  author  of  it,  as  no  one  be- 
ddes,  that  he  knew  of,  could  have  given  that  anfwer. — • 
Our  philofopher’s  next  communication  to  the  public,, 
was  a letter  in  the  Gentleman’s  Magazine  for  September 
1759,  on  the  eledfrical  properties  of  the  tourmalin.  In 
which  the  laws  of  that  wonderful  done  are  laid  down  in 
a very  concife  and  elegant  manner.  On  the  I3tli  of 
December  in  the  fame  year  was  read  at  the  Royal  So- 
ciety, “ An  attempt  to  account  for  the  Regular  Diur- 
nal Variation  of  the  Horizontal  Magnetic  Needle  ; and 
alfo  for  its  Irregular  Variation  at  the  time  of  an  Aurora- 
Borealisd’  A complete  year’s  obfervations  of  the  di- 
urnal variations  of  the  needle  are  annexed  to  the  paper^ 

• — Nov.  5,  1761,  our  author  communicated  to  the  Royal 
Society  an  account  of  the  Tianfit  of  Venus  of  the  6th 
of  June  that  year,  cbferved  in  Spital  Square.,  His  next 
communication  to  the  Society,  was  a Letter,  reaiL 
the  4th  of  Feb.  1762,  containing  fome  remarks  on  Mr, 
Delaval’s  eledlrlcal  experiments.  On  the  l6thof  Dec*, 
the  fame  year,  another  cm'ious  addition  was  made  by 
him  to  philofophical  knowledge,  in  a paper,  intitled,. 
“Experiments  to  prove  tliat  Water  is  not  Incompredi- 
ble.”  And  on  Nov.  8,  the  year  following,  were  read 
before  the  Society,  his  farther  “ ExperimentsandObfer- 
vatlons  on  tlie  Compreffibility  of  Water,,  and  fome  other 
duids.”  Thefe  experiments  are  a complete  refutation 
of  the  famous  Florentine  experiment,  which  fo  many 
philofophers  have  mentioned  as  a proof  of  the  incom- 
predibllity  of  water.  For  this  conrmunicatlon  he  had' 
a fecond  time  the  Society’s  prize  gold  medal. 

Another  communication  was  made  by  our  author  to 
tlie  Society,  on  Dec.  2a,  1768,  being  “ Aueafy  method 
of  making  a phofphonis  that  wdll  Imbibe  and  emit  light 
like  the  Bolognian  Stone  ; with  experiments  and  ob- 
fervations.” Vv'hen  lie  drd  flrewed  to  Dr.  Franklin 
the  indaiitaneous  light  acquired  by  forne  of  this  phof- 
phorus  from  the  near  difebarge  of  an  elcdfrided  bottle, 
the  dodtor  immediately  exclaimed,  “ And  God  faid  let 
there  be  light,  and.  there  was  light.” 

Ths 
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Tlie  Dean  and  Chapter  of  St.  PauPs  iiaving,  in  a 
letter,  dated  March  6,  1769,  requeued  the  opinion  of 
the  Royal  Society  relative  to  the  bed  method  of  fixing 
-cledtrical  conductors  to  preferve  that  cathedral  from 
damage  by  lightning,  Mr.  Canton  was  one  of  the  com- 
mittee appointed  to  take  the  letter  into  confideration, 
and  to  report  their  opinion  upon  it.  The  gentlemen 
joined  with  him  in  this  biifmefs  were,  Mr.  Delaval,  Dr. 
Franklin,  Dr.  Watfon,  and  hlr.  Wilfon.  Their  report 
was  made  on  the  8th  of  June  following:  and  the  mode 
recommended  bv  them  has  been  carried  into  execution. 
— Our  author’s  lad  communication  to  the  Royal  So- 
ciety, was  a ])aper  read  Dec.  21,  1769,  containing 
“ Experiments  to  prove  that  th.e  I^uminoulnefs  of  tlie 
Sea  arifes  from  the  PutrefaClioii  of  its  animal  Sub- 
dances.” 

Befides  the  papers  above  mentioned,  Mr.  Canton 
wrote  a number  of  others,  both  in  the  earlier  and  tire 
later  parts  of  Iris  life,  which  appeared  in  feveral  publica- 
tions, and  particularly  in  the  Gentleman’s  Magazine. — 
Fie  died  of  a dropfy,  the  22d  of  March  1772?  in  the 
^ ).th  year  of  his  age. 

CA  PAC  IT  Y,  is  the  folid  content  of  any  Irody.  Alfo 
cur  hollow  meafures  for  corn,  beer*,  wine,  ai'c  called 
tneafur-es  of  capacity. 

CAPE,  or  P romontory,  is  any  high  land,  running  out 
"with  a point  into  the  fea  ; as  Cape  Ver  de,  Cape  I lorn, 
the  Cape  of  Good  Flope,  &c. 

CAPELLA,  a bright  dar  of  the  fird  magnitude, 
in  the  left  ihoulder  of  Auriga. 

CAPILLARY  Tuh^Sy  In  Phyfics,  are  very  fmall 
pipes,  wlrofe  canals  are  exceedingly  narTow ; being  fo 
called  fi'om  their  refemblance  to  a hair  in  fmallnefs. 
Their  ufual  diameter  may  be  from  to  yg-  of  an  Inch: 
though  Dr.  Flook  aflTures  us  that  he  drew  tubes  in 
tire  flame  of  a lamp  much  fmaller,  and  refembling  a 
fpider’s  thread. 

The  ^feent  of  Water  isfr.  In  capillary  tubes,  is  a 
noted  phenomenon  in  philofophy.  Take  feveral  Imall 
glafs  tubes,  of  different  diameters,  and  open  at  both 
ends  ; immerfe  them  a little  way  into  water,  and  the 
fluid  will  be  r^een  to  dand  higher  in  the  tubes  than  the 
lurface  of  the  water  without,  and  higher  as  tlie  tube  is 
fmaller,  almod  in  the  reciprocal  r'atlo  of  the  diameter 
of  the  tube  ; and  that  both  in  open  air,  and  In  vacuo. 
The  greated  height  to  which  Dr.  Hook  ever  obferved 
the  water  to  dand,  in  the  fmalled  tubes,  was  21  inches 
above  the  furface  In  the  veff'el. 

This  does  not  however  happen  uniformly  the  fame  in 
all  fluids  ; fome  danding  higher  than  other's;  and  in 
quickfilver  the  contr'ary  takes  place,  as  that  fluid  dands 
lower  within  the  tube  tlian  Its  furface  in  tire  vcffel,  and 
the  lower  as  the  tube  is  fmaller.  See  Philof.  Tranf. 

355,  or  Abr.  vol.  4,  pa.  423,  See,  or  Cotes’s  Hydr. 
and  Pneum,  Le6L  pa.  265. 

Another  phenomenon  of  thefe  tubes  is,  tlrat  fuch  of 
them  as  would  only  naturally  dilcharge  water  by  drops, 
when  eledirlfled,  yield  a continued  and  accelerated 
dream  ; and  the  acceleration  is  proportional  to  the 
fmallnefs  of  the  tube:  indeed  the  effedt  of  elediricity  is 
fo  confiderable,  that  it  produces  a continued  dream  from 
a very  fmall  tube,  out  of  which  the  rvater  had  not  be- 
fore been  able  to  drop.  Pritdley’s  Hid.  Eledtr,  8vo. 
vol.  I,  pa,  171,  ed.  3d. 


This  afeent  and  fufpenfron  of  the  water  in  the  tube, 
is  by  Dr.  Jurin,  Mi'.  Kaukfbee,  and  other  philofo- 
phers,  aferibed  to  the  attradlion  of  the  periphei-y^  of  the 
concave  furfac^  of  the  tube,  to  which  the  upper  fur- 
face of  the  water  is  contiguous  and  adhei'es. 

CAPITAI.,  in  Architeftm-e,  the  uppermod  part 
of  a column  or  pilader,  ferving  as  a head  or  crowning 
to  it ; being  placed  immediately  over  the  fhaft,  and 
under  the  entablature.  It  is  made  difterently  in  the 
different  orders,  and  is  that  indeed  wdiich  chiefly  dii- 
tiiiguifhes  the-oi'ders  themfelves. 

Capital  of  a Bajlion,  is  an  imaginary  line  dividing 
any  work  into  two  equal  and  fimilai*  pai'ts  ; or*  a line 
di'awn  from  tire  angle  of  the  polygon  to  the  point 
of  the  badion,  or  fi'om  the  point  of  the  badion  to  the 
middle  of  the  gorge. 

CAPONIERE,  or  Capon'nikrf,  In  Fortification, 
is  a paflage  made  fi'om  one  work  to  another,  of  10  or 
1 2 feet  wide,  and  about  5 feet  deep,  covered  on  each 
fide  by  a pai'apet,  tei'ininatlng  in  a glacis  or  flope. 
Sometimes  it  is  covered  with  planks  and  earth, 

■ CAPRA,  or  the  She-goaf,  a name  given  to  the  dar 
Capella,  on  the  left  fhoulder  of  Auriga  ; and  fometimes 
to  the  conflellation  Capricorn.  Some  again  reprefent. 
Capra  as  a condellation  in  the  northern  hemilphere, 
confiding  of  3 dars,  comprifed  between  the  45th  and 
55th  degree  of  latitude. 

The  poets  fable  her  to  be  Amalthta’s  goat,  which 
fuckled  Jupiter  in  his  infancy. 

CAPRICORN,  tire  Goat,  a fouthei'n  condellation, 
and  the  loth  fign  of  the  zodiac,  as  alfo  one  of  the  48 
original  condellations  received  by  the  GVeeks  from  the 
Egyptians.  The  figui'e  of  this  fign  is  drawn  as  having 
the  fore  part  of  a goat,  but  the  hinder  part  of  a fifh  ; 
and  fometimes  fimply  under  the  form  or  a goat.  In 
writing,  it  is  denoted  by  a cbai'adler  leprcfenting  the 
crooked  hoims  of  a goat’s  head,  thus  Vy. 

As  to  tire  figure  of  tin’s  condellation,  the  Greeks 
pretend  that  Pan,  to  avoid  the  teiTible  giant  T^-phon, 
threw  hlmfclf  into  the  Nile,  and  was  changed  into  the 
figure  here  di'awn  ; in  commemoration  of  w'hich  ex- 
ploit, Jupiter  took  it  up  to  heaven.  But  It  Is  pi'oba- 
ble,  as  Maci'oblus  obferves,  that  the  Egyptians  marked 
the  point  of  the  ecliptic  appropriated  to  this  fign,  rvhere 
the  fun  begins  again  to  afceiid  up  towards  the  nort?>. 
with  the  figure  of  a goat,  an  animal  which  ia  alwa^ 
climbing  the  lides  of  mountains. 

The  dars  in  this  condellation,  in  Ptolomy’s  ai.^ 
Tycho’s  catalogue,  are  28;  in  that  of  Hevelius  29* 
though  It  Is  to  be  remarked  that  one  of  thofe  In  tl. 
tail,  of  the  6th  magnitude,  mai'ked  tire  27th  in  T}v 
cho’s  book,  w^as  lod  in  Hcvelius’s  time.  Elamdecd 
gives  51  dars  to  this  fign. 

Tropic  of  Capricorn,  a little  circle  of  the  fphere, 
parallel  to  the  equator*,  pading  thi'ouglr  the  beginning 
of  Capricorn,  or  the  winter  foldice,  or  the  point  of 
the  fun’s  greated  foiith  declination. 

CAPSTAN,  a large  mafTy  column,  fliaped  like  a 
truncated  cone ; being  fet  upi'ight  on  the  deck  of  a 
drip',  and  turned  by  levers  or  bar's,  pading  through 
holes  in  its  upper  extremity.  The  capdaii  is  a kind 
of  perpetual  lever,  or  an  axis-in-peritrochio,  which,  by 
means  of  a drong  rope  or  cable  pad'ed  I'ound,  ferves  to 
raife  vei'y  great  w'cights  ; fuch  as  to  hoid  fails,  to  weigh 
I i 2 the 
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tlie  anclion;,^  to  draw  the  veffels  on  /hc'rcj  and  lioiH 
them  np  to  be  refitted,  &c. 

CAPUT  Dr  AcoNis,  or  dragon’s  liead,  a name 
giten  by  Tome  to  a fixed  ftar  of  the  firll  magnitude,  in 
the  head  of  the  conflellation  Draco, 

CA  RACT,  or  Carat,  a name  given  to  the  weight 
which  expreffes  the  degree  of  go odnefs  or  finenefs  of 
gold.  The  whole  quantity  of  metal  is  confidered  as 
confiiling  of  24  parts,  which  are  the  carats,  fo  that  the 
carat  is  the  24th  part  of  the  whole  ; this  carat  is  di- 
vided into  4 equal  parts.,  called  grains  of  a carat,  and 
the  grain  into  halves  and  quarters. 

W hen  gold  is  purified  to  the  utmoft  degree  poiTible, 
fo  that  it  lofes  no  more  by  farther  trials,  it  is  confder- 
ed  as  quite  pure,  and  faid  to  be  24  carats  fine  ; if  it 
lofe  I carat,  or  i — 24th  in  purifying,  it’ was  of  23  ca- 
rats line  ; and  if  it  lofe  2 carats,  it  was  22  carats  fine  ; 
and  fo  on. 

CARCASS,  is  a hollow  Ccjfe  formed  of  ribs  of  iron, 
and  covered  over  with  pitched  cloth  &c,  about  the 
fize  of  bomb-fliells  ; or  fometirnes  made  all  of  iron  ex- 
cept two  or  three  holes  for  the  fire  to  blaze  through. 
Tliefe  are  filled  with  various’  matters  and-,  combuilibles, 
to  fire  hollies,  when  thrown  out  of  mortar  pieces  into 
befieged  places.  y 

CARCAVI  (Peter  de),  was  born  at  Lyons,  but 
in  what  year  is  not  known.  He  was  Counfellor  to  the 
Parliament  of  Touloufe,  afterward  Counfellor  to  the 
Grand  Council,  and  Keeper  of  the  King’s  Library. 
He  was  appointed  Geometrician  to  the  French  Aca- 
demy of  Sciences  in  1666  ; and  died  at  Paris  in  1684. 
There  are  extant  fom.e  letters  of  his,  printed  among 
thofe  of  Defcartes. 

CARDAN  (PIiERONYMUs,  or  Jerom),  one  of 
the  moll  extraordinary  geniufes  of  his  age,  was  born 
at  Pavia,  in  Italy,  Sept.  24,  1501.  At  4 years  old 
he  was  carried  to  Milan,  his  father  being  an  advocate 
and  phyfician  in  that  city  : at  the  age  of  20  he  went  to 
fiudy  in  the  unive'rfity  of  the  fame  city  ; and  two  years 
aftenvard  he  explained  Euclid.  In  1524,  he  went  to 
Padua : the  fame  year  he  was  admitted  to  the  degree 
of  mafier  of  arts  ; and  the  year  foilowniig,  that  of  doc- 
tor of  pliyfic.  He  married  about  the  year  1531  ; 
and  became  profeffor  of  mathematics,  and  praAifed 
medicine  at  Milan  about  1533.  In  1539  he  was  ad- 
mitted a member  of  the  college  of  phyllcians  at  Mi- 
lan : in  1 543  he  read  public  ledlures  in  medicine  there  ; 
and  the  fame  at  Pavia  the  year  following  ; but  he  dif- 
Gontinued  them  becaufe  he  could  not  get  payment  of 
his  falary,  and  returned  to  Milan. 

In  1552  he  went  into  Scotland,  having  been  fent 
for  by  the  archbilhop  of  St.  Andreivs,  to  cure  him  of 
a grievous  diforder,  after  trying  the  phyficians  of  the 
king  of  France  and  of  the  emperor  of  Germany,  with- 
out benefit.  He  began  to  recover  from  the  day  that 
Cardan  preferibed  for  him  : our  author  took  his  leave 
of  him  at  the  end  of  fix  iveeks  and  three  days,  leaving 
him  preferiptions  which  in  two  years  wrought  a com- 
plete cure.  Upon  this  vifit  Cardan  paifed  through 
London,  and  calculated  king  Edward’s  nativity  ; for 
he  was  famous  for  his  knov/ledge  in  aftrology,  as  well 
as  thofe  of  mathematics  and  medicine.  Returning  to 
Milaji,  after  four  months  abfence,  he  remained  there 
till  the  beghming  of  1552  3 and  then  v/ent  to 


Pavia,  from  whence  he  vras  invited  to  Bologna  in  1562. 
He  taught  ii'i  this  laftcity  till  the  year  1570;  at  which 
time  he  was  thrown  into  prifon  ; but  fome  months  af- 
ter he  was  fent  home  to  his  own  houfe.  He  quitted 
Bologna  in  1571  ; and  went  to  Rome,  where  he  lived 
for  iome  time  without  any  public  employment.  Fie 
was  however  admitted  a member  of  the  college  of  phy- 
ficians, and  received  a penfion  from  the  Pope,  till  the 
time  of  his  death,  which  happened  at  R.ome  on  the 
2 ill  of  September  1575'. 

Cardan,  at  the  fame  time  that  he  was  one  of  the 
greateil  geniufes  and  moil  learned  men  of  his  age,  in 
all  the  fciences,  ivas  one  of  the  moll  eccentric  and  fic- 
kle in  condudl  of  all  mien  that  ever  lived  : defpifing  all 
good  principles  and  opinions,  and  without  one  friend 
in  the  world.  The  fame  capricioufnefs  that  waas  re- 
markable in  his  outward  condud;)  is  alfo  obfervable  in 
the  compofition  of  his  numerous  and  elaborate  works. 


In  many  of  his  treatifes  the  reader  is  flopped  almofl 
every  moment  by  the  obfeurity  of  his  text,  or  by  di- 
greilions  from  the  point  in  hand.  In  his  anthinetical 
writings  there  are  leveral  difeourfes  on  the  motions  of 
the  planets,  on  the  creation,  on  the  Tower  of  B'abel, 
and  Inch  like.  And  the  apology  which  he  made  for 
theie  frequent  digrefiions  is,  that  he  might  by  that 
mieans  enlarge  and  fill  up  his  book,  his  bargain  with 
the  bookfeller  being  at  fo  much  per  flreet ; and  that  he 
v/orked  as  much  for  his  daily  fupport  as  for  fame. 
The.  Lyons  edition  of  his  works,  printed  in  1663, 
confifls  of  no  lefs  than  10  volumes  in  folio. 

In  fad,  when  we  confider  the  tranicendent  qualities 
of  Cardan’s  mind,  it  cannot  be  denied  that  he  culti- 
vated it  with  every  ipecies  of  knowledge,  and  made  a 
greater  progrefs  in  philofc-phy,  in  the  medical  art,  in 
aflronomy,  in  mathematics,  and  the  other  fciences, 
than  the  mofl  part  of  his  contemporaries  who  had  ap- 
plied themfelves  but  to  one  only  of  thofe  fciences.  In 
particular,  he  was  perhaps  the  very  bell  algebraift  of 
his  time,  a fcience  in  which  he  made  great  improve- 
ments ; and  his  labours  in  cubic  equations  erpecicJly 
have  rendered  his  name  immortal,  the  rules  for  refolv- 
ing  them  having  ever  fince  borne  his  name,  and  are 
likely  to  do  fo  as  long  as  the  fcience  fiiall  exill,  al- 
though he  received  the  firft.  knowledge  of  them  from 
another  perfon  ; the  account  of  which,  and  his  dif- 
putes  with  Tartalea,  have  been  given  at  large  under  the 
article  Algebra. 


Scaliger  affirms,  that  Cardan,  having  by  ailrologr 
predidled  and  fixed  the  time  of  his  death,  abftained 
from  all  food,  that  his  predidlion  might  be  fulfilled, 
and  that  his  continuance  to  live  might  not  diferedit  his 
art.  It  is  farther  remarkable,  that  Cardan’s  father  al- 
fo died  in  this  manner,  in  the  year  1524,  having  ab- 
flained  from  fiifienance  for  nine  days.  Our  author  too 
informs  us  that  his  father  had  white  eyes,  and  could 
fee  in  the  night-time. 

CARDINAL  Points y in  Geography,  are  the  call, 
v/eil,  north,  and  fouth  points  of  the  horizon. 

Cardinal  Points  of  the  Heavens,  or  of  a Nativity, 
are  the  rifing  and  letting  of  the  fun,  the  zenith  and 
nadir. 

Cardinal  Signs,  are  thofe  at  the  four  quaiters,  or 
the  equinoxes  and  folllices,  viz,  the  figns  Aries,  Li- 
bra, Cancer,  and  Capricorn. 
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Cardinal  JVindsy  are  thofe  that  blow  from  the 
four  cardinal  points,  viz,  the  eaft,  well,  north,  and 
fouth  winds.  • 

CAPvDIOIDE,  the  name  of  a curve  fo  called  by 
Caflilliani. — But  it  was  firft  treated  of  by  Koerfina, 
and  by  Carre.  See  Philof.  Tranl.  I74l>  n.nd  Me- 
moires  de  I’Acad.  1705. 

The  Cardioide  is  thus  generated.  APB  is  a circle, 
and  AB  its  diameter.  Through  one  extremity  A ct 
the  diameter  draw  a number  of  lines  APQ^  cutting 
the  circle  in  P ; upon  theie  fet  off  always  PQ^  equal  to 
the  diameter  AB  ; fo  fiiall  the  points  Q^^be  always  in 
the  curve  of  the  cardioide. 


o. 


From  this  genemtion  of  the  curve,  its  chief  proper- 
ties are  evident,  viz,  that, 

eveiywhere  Pv,^—  AB, 

CQ  , or  QQ  is  ==  Atf  or  2 AB, 

aq;=ab'±ap, 

P always  blfedls 

The  cardioide  is  aii^gebraical  curve,  and  the  equa- 
tion exprelhng  its  nature  is  tlius  : 

Put  a — AVi  the  diameter, 

X n--  aY)  perp.  AB, 
y — DQ^ 

— Gay'^  + 2;cy^  — 6a::' y 1 

-f  — Siz’y  -f-*  j 

which  is  the  equation  of  the  curve. 

Many  properties  of  the  cardioide  may  be  feen  in  the 
places  above  , cited. 

C A R R E ( Lewis  ),  Was  born  in  the  year  1 663,  in 
the  province  of  Brie  in  France.  His  fatlier,  a fublban- 
tial  fanne",  intended  him  for  the  church.  But  young 
Carre,  after  going  through  tlie  uiual  courfe  of  educa- 
tion for  that  purpofe,  having  an  utter  averfion  to  it, 
he  refafed  to  enter  upon  that  fundion  ; hy  which  he 
incurred  his  father’s  difpleafare.  His  reiources  being 
thus  cut  off,  he  was  obliged  to  quit  tire  univerfity, 
and  look  out  into  the  world  for  fome  employment. 
In  tills  exigency  he  had  the  good  fortune  to  be  en- 
gaged as  an  amanuenfis  by  the  celebrated  father  Male- 
branche  ; by  which  he  found  himfelf  tranfported  all 
at  once  from  the  mazes  of  fcholafbic  darknefs,  to 
the  fource  cf  the  moff  brilliant  and  enlightened  philo- 
fophy.  IJader  this  great  mailer  he  ftiidied  mathe- 
matics and  the  moft  fublime  metaphylics.  After  feven 
years  fpent  in  this  excellent  fchool,  M.  Carre  found  It 
nccelfary,  in  order  to  procure  himfelf  fome  lefs  ]>rcca- 
rious  cftabHfhment,  to  teach  mathematics  and  philo- 
fophy  m Paris  ; but  efpecially  that  philofopby  which, 
on  account  of  its  tendency  to  improve  our  morals,  he 
valued  more  than  all  the  mathematics  in  the  world. 
And  accordingly  his  greatell  care  was  to  make  geome^ 


try  ferve  as  an  Introduction  to  his  wreU  beloved  meta- 
phyfics. 

Moft  of  M.  Carre’s  pupils  were  of  the  fairfex.  The 
firft  of  thefe,  who  foon  perceived  that  his  language 
was  rather  the  reverie  of  ckgant  and  correT,  told  iiim 
plccdantly  that,  as  an  acknowledgement  for  the  pains 
he  took  to  teach  her  p'hilofopliy,  die  would  t acli  him 
French  ; and  he  ever  aiter  owned  that  her  leftons  were 


of  great  fervice  to  him. 


In  general  he  feemed  to.  fet 


more  value  upon  the  genius  of  women  than  that  of 
men. 

M.  Carre,  althougli  he  gave  the  preference  to  me- 


taphyfi 


ics,  0 


Id 


net  neHeCt  m: 

O 


thematics  ; and  while  he 


taught  both,  lie  took  care  to  make  himfelf  acquainted 
with  all  the  new' difcoverics  in  the  latter.  This  was  ail 
that  h.is  conilant  attendance  on-  his  pupils  would  allow 
him  to  do,  till  the  year  1697,  when  M.  Varigiion,  fo 
remarkable  for  his  extreme  fcrupuloufnefs  in  the  choice 
of  his  eleves,  took  M.  Carre  to  him  in  that  ftation. 
Soon  after,  viz.  in  the  year  1700, , our  author  think- 
ing himfelf  bound  to  flo  fomethin^:  that  iniofht  render 

,0  . ^ o o 

him  worthy  of  that  title,  publidncd  the  firft  complete 
work  on  t:ie  Integral  Calculus,  under  tlie  title  of  “ A 
method  of  meafnring  Surfaces  and  Solids,  and  find- 
ing their  Centres  of  Gravity,  PercufTion,  and  Ofcil- 
lation.”  He  afterwards  difeovered  fome  errors  in  the 
work,  and  was  candid  enough  to  own  and  correct 
them  in  a fubfequent  edition. 

In  a little  time  M.  Carre  became  Aftbciate,  and  at 
len^cth  one  of  the  Penfioners  of  the  Academy.  And 
as  this  was  a fiifticient  eftablilhmont  for  one,  who 
knew  fo  well  how  to  keep  his  deiires  within  juft 
bounds,  he  gave  himfelf  u]>  entirely  to  itudy  ; and  as 
he  enjoyed  the  appointment  of  Mechanician,  he  applied 
himfelf  more  particularly  to  rnechinics.  Pie  took  alfo 
a furvey  of  every  branch  relating  to  muiic  ; fach  as 
the  dodlrine  of  founds,  the  defcriptlon  of  muftcal  in« 
ftruments  ; though  he  delpifed  the  practice  of  inufic, 
as  a mere  fenfual  pleafure.  Some  (ketches  of  his  inge- 
nuity and  induilry  in  this  way  may  be  feen  in  the  Me- 
moirs of  the  French  Academy  of  Sciences.  M.  Carre 
alfo  compofed  fome  treatifc'  on  other  branches  of  na- 
tural jihllofophy,  and  fome  on  mathematical  lubjecls  ; 
all  which  he  bequeathed  to  that  iiluftrious  body ; 
though  it  docs  not  appear  that  any  of  them  have  yet 
been  piibliihed.  It  is  not  unlikely  that  he  was  hin- 
dered from  patting  the  laft  hand  to  them  by  a train  of 
diforders  proceeding  irom  a bad  digeftion,  which,  af- 
ter haraifiag  him  during  the  fpace  of  live  or  fix  yearSj 
at  length  brought  him  to  the  grave  in  1711,  at  48 
years  of  age. 

Plis  memoirs  printed  in  the  volumes  of  the  Acade- 
my, with  the  years  of  the  volumes,  are  as  below. 

1.  Tiie  ReAification  of  Cuive  Lines  by  Tangents: 
1701. 

2.  Solution  of  a problem  propofed  to  Geometrici- 
ans, &:c.  17QI. 

3.  Refleflions  on  the  Table  of  Equations  : 1701. 

4.  On  tlie  Caiile  of  the  Refradlion  of  Light  : 1702, 

5.  V7hy  the  I’ides  are  always  augmenting  from  Breft 
to  St.  Malo,  and  diminilhing  along  the  coafts  of.  Nor- 
mandy : 1702. 

6.  The  Number  and.  the  Names  of"  MuucaBInftru- 
ments : ] 702. 

7.  Oa 
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On  the  Vinegar  which  caufes  fmall  Rones  to  roll 
'Upon  an  inclined  plane  : 1703. 

8.  On  the  Redlification  &c.-of  the  CauRics  by  re- 
'-Reclion  : 1703. 

9.  Method  for  the  Rectification  of  Curves  : 1704. 

10.  Obiervations  on  the  Production  of  Sound  : 1 704. 

1 1.  On  a Curve  formed  from  a Circle  : 1705. 

12.  On  the  Refraction  of  Murket-bulls  in  water, 
and  on  the  Refillan.ce  of  that  fluid  : 1705. 

I 3.  ICxperiments  on  Capillaiy  Tubes  : 1703. 

14.  On  the  Proportion  of  Pipes  to  have  a determi- 

■ nate  quantity  of  water  : 1705-  ' 

15.  On  the  Laws  of  Motion  * 1706. 

16.  On  the  Properties  of  Pendulums;  with  fome 
new  properties  jof  "the  Parabola  : 1707. 

17.  On  the  Proportion  of  Cylindero  that  their  founds 
>may  form  the  mufical  chords  : 1709. 

18.  -On  the  Elaflicity  of  the  Air  ; 1710. 

‘ tg.  On  Catoptrics  ; 1710. 

20.  On  the  Monochord  : in  the  Machines,  tonn  i. 
with  fome  other  pieces,  not  mathematical. 

CARRIAGE,  q/'  a CannoKy  is  the  machine  upon 
winch  it  is  mounted  ; ferving  to  point  or  direCt  it  for 
■Riooting',  and  to  convey  it  from  place  to  place. 

Wheel  Carriage,  one  that  is  mounted  and  moved 
: nhout  upon  wdreels.  Horfes  draw  in  general,  to  mofl 
advantage,  when  the  direction  of  their  draft  is  parallel 
to  the  ground,  or  rather  a little  upwards.  A carriage 
alfo  goes  eafieft  when  the  centre  of  gravity  is  placed 
very  high  ; fmce  then,  when  once  put  in  motion,  it 
, continues  it  with  verv  little  labour  to  fhe  horfes. 

^ J ! 

■ CARTES  (Rene  des),  one  of  the  moll  eminent 
phllofophers  and  mathematicians  of  the  17th  century, 
or  indeed  of  any  age  whatever.  He  was  defcended  of 
an  ancient  noble  family  in  Touraine  in  France,  being  a 
younger  fon  of  a coimfellor  in  the  parliament  of  Rennes, 
and  was  born  March  31,  1596.  His  father  gave  him 
a liberal  education,  and  the  more  fo  as  he  obferved  in 
him  the  appearance  of  a promifmg  genius,  iifmg  to 
call  him  the  philofopher,  on  account  of  his  infatiable 
Curiofity  in  afking  the  reafons  of  every  thing  that  Ire 
did  not  imderlland. 

E)es  Cartes  wras  fent  to  the  Jefuits  college  at  La 
Fleche  in  1604,  under  the  tuition  of  Father 

Charlet.  Here  he  made  a great  progrefs  in  the  learn- 
ed languages  and  polite  literature  ; but  having  paifed 
through  his  courfe  of  pliilofophy  without  any  great  fa- 
tisfaClion  to  himfelf,  he  left  the  college  in  1612,  and 
began  to  learn  military  arts,  to  ride  and  fence,  and 

other  fuch  like  exerciies.  But  notwithllandinp'  his 
• • • • • ^ 
inclination  to  military  achievements,  the  weaknefs  of 

liis  conRitution  not  permitting  him  early  to  expofe 
himfelf  to  the  fatigues  of  war,  he  was  fent  to  Paris  in 
1613.  Here  he  formed  an  acquaintance  with  feveral 
learned  perfons,  who  helped  to  reclaim  him  from  his 
intention  of  declining  his  ftudies,  particularly  Father 
Merfenne,  whofe  converf^tion  revived  in  him  a love 
for  truth,  and  induced  him  to  retire  from  the  world  to 
purfue  his  ftudies  without  interruption  ; which  he  did 
for  two  years  : but  in  May  1616,  at  the  repeated  fe- 
licitations of  his  relations,  he  fet  out  for  Holland,  and 
entered  as  a volunteer  under  the  Pringe  of  Orange, 

Whilft  he  lay  in  garrifon  at  Breda,  during  the  truce 
Between  the  Spanifti  and  Dutch,  an  unknown  perfon 


caufed  a problem  in  mathematics,  in  the  Dutch  Ian- 
giiage,  to  be  fixed  up  in  ihe  ftreets  : wlien  Des  Cartes, 
feeing  a concourfe  of  people  ftop  to  read  it,  defired. 
-one  who  ftood  near  him  to  explain  it  to  him  in  Latin 
or  French.  The  perfon  promifed  to  fatisfy  him,  upon 
condition  that  he  would  engage  to  refolve  the  pro- 
blem ; and  Des  Cartes  agreed  to  the  condition  with 
fuch  an  air,  that  though  he  little  expedled  fuch  a thing 
from  a young  military  cadet,  he  gave  him  his  ad- 
rlrefs,  defiring  he  would  bring  him  the  folution.  Des 
Cartes  next  day  vifited  Beekman, -principal  of  the  col- 
lege of  Dort,  who  wws  the  perfon  that  had  tranftated 
the  problem  to  him.  Beekman  was  furprifed  at  his 
having  refolved  it  in  fuch  a ftiort  time  ; but  his 
wonder  was  much  incrcafed,  to  find,  in  the  courfe  of 
converfatioii,  that  the  young  man’s  knov.dedge  was 
much  fuperior  to  his  own  in  thofe  fciences,  in  which 
he  had  employed  his  whole  time  for  feveral  years- 
During  his  ft:ay  at  Breda,  Des  Cartes  vrrote  in  Latin, 
a treatiie  on  Muiic,  and  laid  the  foundation  of  feveral 
of  his  other  works. 

In  1619,  he  entered  himifelf  a volunteer  in  the  army 
of  the  duke  of  Bavaria.  In  1621,  he  made  the  cam- 
paign in  Hungary,  under  the  count  de  Bucquoy  ; but 
the  lofs  of  his  general,  who  was  killed  at  a fiege  that 
year,  determined  him  to  quit  the  army.  He  foon  af- 
ter began  his  travels  into  the  north,  and  vifited  Silefia, 
Poland,  Pomerania,  the  coafts  of  the  Baltic,  Bran- 
denburgh,  Holftein,  Fall  Friefland,  Weft  Friefland  ; 
in  his  paflage  to  which  laft  pleme  he  vras  in  danger  of 
being  murdered.  The  failors  fancied  he  was  a mer- 
chant, who  had  a large  fum  of  money  about  him  ; and 
perceiving  that  he  was  a foreigner  who  had  little  ac- 
quaintance in  the  coimtiy,  and  a man  of  a mild  difpo- 
fition,  they  refolved  to  kill  him,  and  throw  his  body 
into  the  fea.  They  even  difeourfed  of  their  defign  be- 
fore his  face,  thinking  he  underftood  no  language  but 
French,  in  which  he  always  fpoke  to  his  fervant.  Des 
Cartes  fuddenly  ftarted  up  ; and  drawing  his  fword, 
fpoke  to  them  in  their  own  language,  in  fuch  a tone  as 
llruck  terror  into  them  : upon  which  they  behaved 've- 
ry civilly.  The  year  following  he  went  to  Paris,  where 
lie  cleared  himfelf, from  the  imputation  of  having  been 
received  among  the  Roficriifians,  whom  he  conlidered 
as  a company  of  vifionaries  and  impottors. 

Dropping  the  ihudy  of  mathematics,  he  now  applied 
himfelf  again  to  ethics  and  natural  philofophy.  The 
fame  year  he  took  a journey  through  Switzerland  to 
Italy.  Upon  his  return  he  fettled  at  Paris  ; but  In’s 
ftudies  being  interrupted  by  frequent  viftts,  he  went  in 
1628  to  the  fieffe  of  Rochelle.  He  returned  to  Paris 

cy 

in  NoveiUber  ; hut  in  the  following  fpring  he  repaired 
to  Amfterdam;  and  from  thence  to  a place  near  Frane- 
ker  in  Fridland,  where  he  began  his  Metaphyftcal 
Meditations,  and  fpent  fome  time  in  Dioptrics  ; 
about  this  time  too  he  wrote  his  thoughts  upon  Me- 
teors. After  about  fix  months  he  returned  to  Amiler- 
dam. 

Des  Cartes  imagined  that  nothing  could  more  pro- 
mote the  temporal  felicity  of  mankind,  than  the  union 
of  natural  philolophy  with  mathematics.  But  before 
he  ftiould  fet  himfelf  to  relieve  men’s  labours,  or  mul- 
tiply the  coiiveniencies  of  life  by  mechanics,  he  thought 
it  necefiaiy  to  difeover  fome  means  of  fecuring  the  hu- 

maj 
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intin  body  from  difeafe  and  debility  : this  led  him  to 
the  ihidy  of  anatomy  and  chemiilry,  in  which  he  em- 
ployed the  winter  at  Amfterdam. 

, He  now,  viz,  about  1630  or  1631,  took  a fhort 
tour  to  England,  and  made  fome  obfervations  near 
Eondon  on  the  variation  of  the  compafs.  In  the  fpring 
of  1633  he  removed  to  Deventer,  where  he  completed 
feveral  works  that  were  left  unfmiflied  the  year  before, 
and  refumed  his  lludies  in  aflronomy.  In  the  fummer 
he  put  the  lall  hand  to  his  “ Treatile  of  the  World.” 
The  next  year  he  returned  to  Amilerdam;  but  foon  af- 
ter took  a journey  into  Denmark,  and  the  lower  parts 
of  Germany.  In  autumn  1635  he  went  to  I^ewarden  in 
Friedand,  where  he  remained  till  1637,  and  wrote  his 
“ Treatife  of  Mechanics.”  The  fame  year  he  pub- 
liflied  his  four  treatiies  concerning  Method,  Dioptrics, 
Meteors,  and  Geometry.  About  this  time  he  received 
an  invitation  to  iettle  in  England  from  Sir  Charles  Ca- 
vendifli,  brother  to  tlie  earl  of  Ncwcaille,  with  which 
he  did  not  appear  backward  to  comply,  efpecially  upon 
being  alTured  that  the  king  was  a catholic  in  his  heart  : 
but  the  brehkiiig  out  ot  the  civil  wars  in  this  countr)- 
prevented  his  journey. 

At  the  end  of  1641,  Lewis  the  13th,  of  France, 
invited  him  to  his  court,  upon  very  honourable  terms  ; 
but  he  could  not  be  perfuaded  to  quit,  his  retirement. 
This  year  he  publilhed  his  Meditations  conceiming  the 
Exiftence  of  God,  and  the  Immortality  of  the  Soul. 
In  1645  he  again  applied  to  anatomy  ; but  \N-as  a little 
diverted  from  this  ftudy,  by  the  quelUon  concerning  the 
Quadi'ature  of  the  Circle,  which  was  at  that  time  agi~ 
tated.  During  the  winter  of  the  fame  year  he  com- 
pofed  a fmall  tratl  againll  Gaffendus’s  Inilitutes  ; and 
another  on  the  Nature  of  the  Paflions.  About  this 
time  he  carried  on  an  epillolaiy  correfpondence  with 
the  princefs  Elizabeth,  daughter  to  Frederick  the  5th, 
eledlor  palatine,  and  king  of  Bohemia,  who  had  been 
his  pupil  in  Holland. 

A d’Tpute  arifing  between  Chrillina,  queen  of  Swe- 
den, and  M.  Chanut,  the  refident  of  France,  concern- 
ing the  following  queftion  ; When  a man  carries  love 
or  hatred  to  excefs,  which  of  thefe  two  irregulantifs  is 
the  worft  ? The  refident  fent  the  quellion  to  Des 
Cartes,  who  upon  that  occafion  drew  up  the  differta- 
tion  upon  Love,  that  is  publilhed  in  the  hril  volume  of 
his  letters,  which  proved  highly  fatisfaflory  to  the 
queen.  In  June  1647  he  took  a journey  to  France, 
where  the  king  fettled  on  him  a penfion  of  3000.  livrcs  ;• 
but  he  returned  to  Holland  about  the  end  of  oeptem-. 
her.  In  November  he  received  a letter  from  M.  Cha- 
nnt,  in  queen  Chriftina’s  name,  deliring  his  opinion  of 
the  fovereign  good  ; which  he  accordingly  fent  her, 
with  fome  letters  upon  the  fame  fubjecl  formerly  ivrit- 
ten  to  the  princefs  Elizabeth,  and  his  treatife  on  the 
Pafiions.  The  queen  was  fo  highly  pleafed  with  them, 
that  fhe  wrote  him  a letter  of  thanks  with  her  own 
hand,  and  invited  him  to  come  to  Sweden.  He  arrived 
at  Stockholm  in  Oct.  1648.  The  queen  engaged  him 
to  attend  her  ever)^  morning  at  five  o’clock,  to  initruct 
her  in  his  philofophy  ,*  and  deilred  him  to  revife  and  di- 
geft  all  his  unpublilhed  writings,  and  to  draw  up  from 
them  a com.plete  body  of  philofophy.  She  purpofed 
alfo  to  fix  him  in'Sweden,  by  allowing  him  a revenue 
of  3000  crowns  a year,  with  an  ellate  wdiich  fliould 


defeend  to  his  heirs  and  afiigns  for  ever  ; and  to  eflo'-^ 
blilh  an  academy,  of  which  he  was  to  be  the  dir  edtor. 
But  thefe  defigns  were  fruitrated  by  his  death,  which 
happened  the  nth  of  Feb.  1650,  in  the  .54th  year  of 
his  age.  His  body  was  interred  at  Stockholm  : but  1 7 
years  after  it  was  removed  to  Paris,  where  a magniii- 
cent  monument  was  erebted  to  him  in  the  church  ot 
Genevieve  du  Mont. 

As  to  the  charafter  of  our  author  : 

Dr.  Barrow  in  his  Opufcula  tells  us,  that  Des  Cartes 
was  doubtlefs  a very  ingenious  man,  and  a real  philofo- 
pher,  and  one  who  feems  to  have  brought  thofe  aihit- 
ances  to  that  part  of  philofophy  relating  to  matter  and 
motion,  which  perhaps  no  one  had  done  before  : name- 
ly,  a great  flvill  in  mathematics  ^ a mind  habituated, 
both  by  nature  and  cullom,  to  profound  meditation  ; 
a judgment  exempt  from  all  prejudices  and  popular 
errors,  and  furnilhed  with  a good  number  of  certain 
and  felecf  experiments  ; a great  deal  of  leifure  ; an  en- 
tire difengagement,  by  his  own  choice,  from  the  read- 
ing of  ufelefs  books,  and  the  avocations  of  life  ; with 
an  incomparable  acutenefs  of  wit,  and  an  excellent  ta- 
lent of  thinking  clearly  and  dillindlly,  and  of  exprelling 
his  thoughts  with  the  utmoll  perfpiculty. 

Dr.  Halley,  in  a paper  concerning  Optics,  communi- 
cated to  Mr.  W'otton,  and  publlflied  by  the  latter  in 
his  “ Refleclions  upon  A.ncient  and  Modern  Learning,” 
writes  as  follows  : As  to  dioptrics,  though  fome  of  the 
ancients  inention  refraftion,  as  a natural  etfect  of  tranf- 
parent  media;  yet  Des-  Cartes  was  the  firfi;,  who  in 
this  age  has  difeovered  the  laws  of  refraction,  and 
brought  dioptrics  to  a fcience. 

Dr.  Keil,  in  the  Introdubllon  to  his  “ Examination 
of  Dr.  Burnet’s  Theory  of  the  Earth,”  tells  us,  that 
Des  Cartes  was  fo  far  from  applying  geometry  and' ob- 
lervations  to  natural  philofophy,  that  his  whole  fvf- 
tem  is  but  one  continued  blunder  on  account  of  his  ne- 
gligence in  that  point  ; which  he  could  eaiily  prove, 
by  fnewing  that  his  theory  of  the  vortices,  upon  uhicli 
his  fyllem.  is  founded,  is  alTohitely  falfe,  for  that  New- 
ton lias  Ihewn  that  the  periodical  times  of  all  L'odies, 
that  fwim  in  vortice?,  mult  be  difedtiy  as  the  fquares: 
of  their  dillances  from  tlie  centre  of  them:  but  it  is 
evident  from  oblervatlons,  that  the  planets,  in  movii^g 
round  the  fun,  obferve  a law  quite  difierent  from  tlii^  ; 
for  the  fquares  of  their  periodical  times  are  always  as  tlic 
cubes  of  their  dillances:  and  therefore,  fince  they  do, 
not  obferve  that  Lw,  which  of  necefiity  they  itult  if 
they  fwim  in  a vortex,  it  is  a demonllration  that  there 
are  no  vortices  in  which  the  planets  are  carried  round' 
the  fun-. 

“ Nature,  fays  Voltaire,  had  favoured  Des  Cartes 
with  a ftrong  and  clear  imagination,  whence  he  became 
a very  fingular  perfon,  both  in  private  life,  and  in  his 
manner  of  reafonlng.  'Fhis  imagination  could  not  be 
concealed  even  in  his  philofophical  writings,  which  arc 
every  where  adorned  with  very  brilliant  ingenious  me- 
taphors. Nature  had  almoll  made  liim  a poet ; and  in- 
deed he  wrote  a piece  of  jioetry  for  the  entertainment  or 
Chrillina  queen  of  Sweden,  which  however  was  fup- 
prefied  in  liononr  of  his  memory.  He  extended  tlie 
limits  of  geometry  as  far  beyond  the  place  where  he 
found  them,  as  Newton  did  after  him  ; aiul  firll  tauglit 
the  metljpd  of  exprelling  curves  by  equations.  He  ap* 
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plieh  tliis  geometrical  and  inventive  g^enias  to  dioptrics, 
which  v/hen  treated  by  him  became  a new  art  ; and  if 
he  veas  midaken  in  fome  things,  the  reaion  is,  that  a 
man  who  drfcovers  amew  track  of  land,  cannot  at  once 
know  all  the  properties  of  the  foil.  Thole  who  come 
after  hijTij  and  make  thefe  lands  fruitful,  are  at  ieall 
obliged  to  him  for  the  diicovery.^’  Voltaire  acknow- 
ledges, that  there  are  innumerable  errors  in  the  reft  of 
I3t’s  Cartes’  works ; but  adds,  that  geometry  was  a 
guide  which  he  himfelf  had  in  fome  mcafure  formed, 
and  which  would  have  fafely  conducted  him  through 
the  leveral  paths  of  natural  pliilofophy  : neverthelefs 
he  had  at  laft  abandoned  this  guide,  and  gave  entirely 
into  the  humour  of  framing  hypolhefes  ; and  then  phi- 
lofopliy  was  no  more  than  an  ingenious  romance,  ht 
only  to  amufe  the  ignorant. 

It  has  been  pretty  generally  acknowledged,  that  he 
borrowed  his  improvements  in  Algebra  Irom  Harriot’s 
j4rtis  Analytica  Praxis  ; which  is  highly  probable,  as 
he  was  in  England  about  the  tiine  when  Harriot’s 
book  was  publiihed,  and  as  he  follows  the  manner  oi 
Harriot,  except  in  the  method  of  noting  the  powers. 
Upon  this  head  the  following  anecdote  is  told  by  Hr. 
Pell,  in  Wallis’s  Algebra,  pa.  198.  Sir  Charles  Caven- 
difli,  then  refident  at  Paris,  difcoiirfmg  there  with  M. 
Roberval,  concerning  Hes Cartes’s  Geometry,  then  late- 
ly publifhed  ; I admire,  faid  Robei;val,  that  method  in 
Hes  Cartes,  of  placing  all  the  terms  of  the  equation  on 
one  fide,  making  the  whole  equal  to  nothing,  and  how 
he  lighted  upon  it.  The  reafon  why  you  admire  it, 
faid  Sir  Charles,  is  becaufe  you  are  a Frenchman  ; for 
if  you  were  an  Engliihman,  you  would  not  admire  it. 
Why  fo  ? afleed  R.oberval.  Becaufe,  replied  Sir  Charles, 
we  in  England  know  whence  he  had  it  ; namely 
from  liarriot’s  Algebra.  What  book  is  that?  fays 
Roberval,  I never  faw  it.  Next  time  you  come  to  my 
chamber,  faith  Sir  Charles,  I v/ill  ftiew  it  to  you. 
Which  a while  after  he  did  ; and  upon  perufal  of  it, 
Roberval  exclaimed  with  admiration,  //  Pa  vu  ! il  Pa 
am  ! He  had  fern  it  / he  had  feen  it ! finding  all  that  in 
Harriot  which  he  had  before  admired  in  Hes  Cartes, 
and  not  doubting  but  that  Hes  Cartes  had  it  from 
thence.  See  alfo  Montiicla’s  Hiftory  of  Mathematics. 

The  real  improvements  of  Hes  Cartes  in  Algebra 
and  Geometry,  I have  particularly  treated  of  under 
the  article  Algebra  ; and  his  philofophical  dodtrines 
are  difplayed  in  the  article  Cartesian  Philofophy,  here 
following.  Pie  was  never  married,  but  had  one  natu- 
ral daughter,  who  died  when  fhe  was  but  five  years  old. 
There  have  been  feveral  editions  of  his  works,  and 
eomm.entaries  upon  them  ; particulariy  thofe  of  Schoo- 


ten  on  his  Geometiy. 

CARTESIAN  Philofiphy,  or  Carte/ianiJ'-m,  the  fyf- 
tem  of  philofophy  advanced  by  Hes  Cartes,  and  main- 
tained by  his  followers,  the  Cartefians. 

The  Cartefian  philofophy  is  founded  on  two  great 
principles,  the  one  metaphyfical,  the  other  phyfical. 
The  metaphyfical  one  is  this  : / think , therefore  I am^ 
or  I exijl  : the  phyfical  principle  is,  that  nothing  exifls 
hut  fiikjlances,  Subftance  he  makes  of  tv/o  kinds  ; the 
one  a fubftance  that  thinks,  the  other  a fiibftance  ex- 
tended : fo  that  adfiial  thought  and  adlual  extenfion 
make  the  efTence  of  fubftance. 

The  efTence  of  matter  being  thus  fixed  in  extenfion, 


Hes  Cartes  concludes  that  there  is  no  nor  ary 

pofiibility  of  it  in  nature  j but  that  the  univerfe  is  ab- 
lolutely  full ; by  this, principle,  mere  fpace  is  quite  ex- 
cluded ; for  extenfion  being  implied  in  the  idea  of  i'pace, 
matter  is  fo  too. 

Hes  Cartes  defines  motion  to  be  the  trandatian  of  a 
body  from  the  neighbourhood  of  others  that  are  ia 
contadl  with  it,  and  confidered  as  at  reft,  to  the 
neighbourhood  of  ether  bodies  : by  which  he  deftroys 
the  diftinftion  between  motion  that  is  abfoiute  or  real, 
and  that  which  is  relative  or  a.pparent.  Pie  maintains 
tliat  the  fame  quantity  of  motion  is  always  preferved  in 
the  univerfe,  becaufe  God  muft  be  fuppofed  to  a6l  ia 
the  moft  coiiftant  and  immutable  Uxsanner.  And  hence 
alfo  lie  deduces  his  three  laws  of  motion.  See  Motion. 

Upon  thefe'  principles  Hes  Cartes  explains  mechani- 
cally how  the  world  was  formed,  and  how  the  prefent 
plienomena  of  nature  came  to  ariie.  He  fuppoies  that 
God  created  matter  of  an  indefinite  extenliom,  which 
he  feparated  into  finali  fquare  portions  or  maftes,  lull 
of  angles  ; that  he  imprelfed  too  motions  on  this  mat- 
ter ; the  one,  by  which  each  part  revolved  about  its 
own  centre  ; and  another,  by  which  an  affcmblage,  or 
fyftem  of  them,  turned  round  a common  centre.  From 
whence  arofe  as  many  different  vortices,  or  eddies,  as 
there  were  difterent  maffes  of  matter,  thus  moving 
about  common  centres. 

The  confcquence  of  thefe  motions  in  each  vortex, 
according  to  Hes  Cartes,  is  as  follows  : The  parts  of 
matter  could  not  thus  move  and  revolve  amongft  one 
another,  without  having  their  angles  gradually  broken  ; 
and  this  continual  friction  of  parts  and  angles  muft  pro- 
duce three  elements  : the  firft  of  thefe,  an  infinitely 
fine  duft,  formed  of  the  angles  broken  off ; the  fecond, 
the  fpheres  remaining,  after  all  the  angular  pau'ts  are 
thus  removed  ; and'^ thofe  particles  not  yet  rendered 
fmooth  and  fpherical,  but  ftill  retaining  fome  of  their 
angles,  and  liamous  parts,  from  the  third  element. 

Now  the  firft  or  iubtileft  element,  according  to  the  laws 
of  motion,  muft  occupy  the  centre  of  each  fyftem,  or 
vortex,  by  reafon  of  the  fmallnefs  of  its  parts  : and  this  is 
the  matter  which  conftitutes  the  fun,  and  the  fixed  liars  , 
above,  and  the  fire  below.  The  lecoiid  element,  made 
up  of  ipheres,  forms  the  atmofphere,  and  all  the  matter 
between  the  earth  and  tlie  fixed  liars  ; in  fiich  fort,  that 
the  largeit  fpheres  are  always  next  the  circumference  of 
the  vortex,  and  the  fmallell  next  its  centre.  The  third 
element,  formed  of  the  irregular  particles,  is  the  matter 
that  compofes  the  earth,  and  all  terreftrial  bodies,  toge- 
ther with  comets,  fpots  in  the  fun,  &c. 

He  accounts  for  the  gravity  of  teiTeftrial  bodies  from 
the  centrifugal  force  of  the  ether  revolving  round  the 
earth  : and  upon  the  fame  general  principles  he  pre- 
tends to  explain  the  phenomena  of  the  magnet,  and 
to  account  for  all  the  other  operations  in  nature. 

CARY  (Robert),  a learned  Englilh  chronologer 
and  divine,  rvas  born  at  Cockington,  in  the  county  of 
Devon,  about  the  year  1615.  Fie  took  his  degrees 
in  arts,  and  LL.D.  in  Oxford.  After  returning  from 
his  travels  he  was  prefented  to  the  redlory  of  Portle- 
moutli,  near  Kingfbridge  in  Hevonlhire  : but  not  long 
after  he  was  drawn  over  by  the  prelbyterian  minifters  to 
their  party,  and  chofen  moderator  of  that  part  of  the 
fccond  divifion  of  the  county  of  Devon,  which 
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pomted  to  meet  at  Kingfbridge.  And  yet,  upon  tlie 
reftoration  of  Charles  the  2d,  he  was  one  of  the  hrft  to 
congratulate  that  prince  upon  his  return,  and  loon 
after  was  preferred  to  the  archdeaconry  of  Exeter ; 
but  from  which  he  was  however  fome  time  afterward 
ejedted.  He  fpent  the  reft  of  his  days  at  his  redtorv  at 
Portlemouth,  and  died  in  1688,  at  73  years  of  age.' — • 
He  publifhed  PalaJogia  Chronica,  a chronological  ac- 
count of  ancient  time,  in  three  parts,  i,  Didadlical  ; 

2,  Apodidadlical  ; 3,  Canonical:  in  1677. 

CAS  ATI  (Paul),  a learned  Jefuit,  born  at  Pla- 
centia in  1617.  He  entered  early  among  the  Jefuits  ; 
and  after  having  taught  mathematics  and  divinity  at 
Rome,  he  was  fent  into  Sweden  to  queen  Chriilina, 
whom  he  prevailed  on  to  embrace  the  popilh  religion. 
His  w^ritings  are  as  follow  : 

I.  Vacuum  Proferiptum. — 2.  Terra  Machtuis  mot  a. — 

3.  Hfecbanlcorutn,  I'thrl  oHo, — 4.  T)e  Igne  Differtationes. 
— 5.  De  Angelts  Difputatio  Theolog. — 6.  Hydrojiatica 
P)iJfertahones. — 7.  Optica  Difputationts,  It  is  remark- 
able that  he  wrote  this  treatfe  on  optics  at  88  years  of 
age,  and  after  he  was  blind.  He  was  alfo  author  of 
feverai  books  in  the  Italian  language. 

CASCABEL,  the  knob  or  button  of  metal  behind 
the  breech  of  a cannon,  as  a kind  of  handle  bv  which 
to  elevate  and  direcl  the  piece  ; to  which  fome  add  the 
fillet  and  ogees  as  far  as  the  bafe-ring. 

CASEMATE,  or  Cazemate,  in  Fortification,  a 
kind  of  vault  or  arch,  of  ft  one-work,  in  that  part  of 
the  flank  of  a baftion  next  the  curtain  ; ferving  as  a 
battery,  to  defend  the  face  of  the  oppofitc  baftion, 
and  the  moat  or  ditch. 

The  cafemate  fometimes  confifts  of  three  platforms, 
one  above  auother  ; the  high  eft  being  on  the  rampart  ; 
though  it  is  common  to  withdraw  this  within  the  baftion. 

The  cafemate  is  alfo  called  the  low  place,  and  low 
flank,  as  being  at  the  bottom  of  the  wall  next  the 
ditch  ; and  fometimes  the  retired  flank,  as  being  the 
part  of  the  flank  neareft  the  curtain,  and  the  centre  of 
the  baftion.  It  was  formerly  covered  by  an  apaule- 
ment,  or  a maflive  body,  either  round  or  fquarc,  which 
prevented  the  enemy  from  feeing  within  the  batteries ; 
whence  it  was  alfo  called  covered Jiank, 

It  is  now^  fcldom  ufed,  bccaufe  the  batteries  of  the 
enemy  are  apt  to  bury  the  artillery  of  the  cafemate  In 
the  ruins  of  the  vault : befide,  the  great  fmoke  made 
by  the  difeharge  of  the  cannon,  renders  it  intolerable 
to  the  men.  So  that,  inftcad  of  the  ancient  covered 
cafemates,  later  engineers  have  contrived  open  ones, 
only  guarded  by  a parapet,  &c. 

Casemate  is  alfo  ufed  for  a well  with  feverai  fub- 
terraneous  branches,  dug  in  the  pafthge  of  the  baftion, 
till  the  miner  is  heard  at  work,  and  air  given  to  the  mine. 

CASERNS,  or  Cazerns,  in  Fortification,  fmall 
rooms,  or  huts,  erefled  between  the  ramparts  and  the 
houfes  of  fortified  towns,  or  even  on  the  ramparts  them- 
felves ; to  ferve  as  lodgings  for  the  foldiers  on  imme* 
diate  duty,  to  eafe  the  garrifon. 

CASE-S  HOT,  or  Cankister-Shot,  are  a number 
of  fmall  balls  put  into  a round  tin  cannifter,  and  fo  ftot 
out  of  great  guns.  Thefe  have  fuperfeded,  and  been 
fubftituted  inftead  of  the  grape-fhot,  which  have  been 
laid  afide. 

CASSINI  (Tohn  Eokikic),  an  eminent  aftrono- 
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iner,  was  born  of  noble  parents,  at  a town  in  Predmont 
in  Italy,  June  8,  1625.  After  laying  a proper  foun- 
dation in  his  ftudies  at  home,  he  was  fent  to  continue 
them  in  a college  of  Jefuits  at  Genoa.  He  had  an  un- 
common turn  for  Latin  poetry,  which  he  exercifed  fo 
very  early,  that  fome  of  his  poems  were  publiilied  when 
he  was  but  1 1 years  old.  At  lengtb  he  met  with  books 
of  aftronomy,  which  he  read,  with  great  eagernefs. 
Purfuing  the  bent  of  his  inclinations  in  this  way,  in  a 
fhort  time  he  made  fo  amazing  a progrefs,  that  in  1650 
the  fenate  of  Bologna  invited  him  to  be  their  public 
mathematical  profeflbr.  CaifiRi  was  but  25  years  of 
age  when  he  went  to  Bologna,  where  he  taught  mathe- 
matics, and  made  obfervations  upon  the  heavens,  with 
great  care  and  afliduity.  In  1652  a comet  appeared, 
which  lie  obferved  with  great  accuracy  ; and  he  difeo- 
vered  that  comets  were  not  bodies  accidentally  gene- 
rated in  the  atmofphere,  as  had  been  fuppofed,  but  of 
the  fame  nature,  and  probably  governed  by  the  fame 
laws,  as  the  planets.  The  fame  year  he  refolved  an 
aftronomical  problem,  which  Kepler  and  Bulliald  had 
given  up  as  Infolvable  ; viz,  to  determine  geometrically 
the  apogee  and  eccentricity  of  a planet,  from  its  true 
and  mean  place- — In  1653,  when  a church  in  Bologna 
was  repaired  and  enlarged,  he  obtained  leave  of  the  fe- 
nate to  correfl  and  fettle  a meridian  line,  which  had 
been  drawn  by  an  aftronomer  In  1575. — In  1657  he 
attended,  as  an  afliftant,  a noblem.an,  who  was  fent  to 
Rome  to  compofe  fome  diflerences,  which  had  arifen 
between  Bologna  and'Ferrara,  from  the  inundations  of 
the  Po  ; and  he  fhewed  fo  much  (kill  and  judgment  in 
the  management  of  the  affair,  that  in  1663  pope’s 
brother  appointed  him  infpedlor  general  of  the  fortifi- 
cations of  the  caftle  of  Urbino*  and  he  had  afterward 
comnrltted  to  him  the  care  of  all  the  rivers  in  the  ec- 
clefiaftical  ftate. 

Mean  while  he  did  not  neglccl  his  aftronomical  ftii- 
dies,  but  cultivated  them  with  great  care.  He  made 
feverai  difeoveries  relating  to  the  planets  Mars  and  Ve- 
nus, particularly  the  revolution  of  Mars  upon  his  own 
axis  : but  the  point  he  had  chiefly  in  view,  was  to  fettle 
an  accurate  theory  of  Jupiter’s  fatellites  ; which,  after 
much  labour  and  obfervation,  he  happily  effedlcd,  and 
publifhed  it  at  Rome,  among  other  aftronomical  pieces, 
in  1666. 

Picard,  the  French  aftronomer,  getting  Caflini’s 
tables  of  Jupiter’s  fatellites,  found  them  fo  very  exaft, 
that  he  conceived  the  higheft  opinion  of  his  fldll  ; and 
from  that  time  his  fame  increafed  fo  fall  in  France,  that 
the  government  defired  to  have  him  a member  of  the 
academy.  Cafiinl  however  could  not  leave  his  ftation 
without  leave  of  his  fuperiors ; and  therefore  the  king, 
Lewis  the  14th,  requefted  of  the  pope  and  the  fenate 
of  Bologna,  that  Caffini  might  be  permitted  to  come 
into  France.  Leave  was  granted  for  6 years;  and  he 
came  to  Paris  in  the  beginning  of  1669,  where  he  was 
immediately  made  the  king’s  aftronomer.  When  this 
term  of  6 years  was  near  expiring,  the  pope  and  the 
fenate  of  Bologna  infifted  upon  his  return,  on  pain  of 
forfeiting  his  revenues  and  emoluments,  which  had 
hitherto  been  remitted  to  him  : but  the  miuifter  Col- 
bert prevailed  on  him  to  ftay,  and  he  was  naturalized 
in  1673  ; the  fame  year  alfo  in  which  he  was  married. 

The  Royal  Obfervatory  of  Paris  had  been  finiftied 
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Tome  time,  Tl^ie  occafion  of  its  being  bnilt  was  this  : 
111  1638,  the  celebrated  Merfenne  was  the  chief  inhitu- 
tor  and  promoter  of  a focietyj  where  feveral  ingenious 
and  learned  men  met  together  to  talk  iipcn  phyfical 
and  adrononiical  labhcts  ; amonp;  v/hom  were  Gaiiend, 
Dcfcartes,  Monmort,  Thevenot,  Bullialdj  our  country- 
rmm  Hobbes,  See  i and  this  fodety  was  kept  up  by  a 
-i’uccelTiori  of  learned  men  for  many  years.  At  ieno  th  tlie 
government  confiderine  that  a number  of  fuch  men, 
acting  in  a body,  would  fucceed  much  better  in  the  pro- 
motion of  fcience,  than  if  they  adted  leparately,  each 
in  his  paxticular  art  or  province,  eftabiifhed  under  the 
direction  of  Colbert,  in  1666,  the  Royal  Academy  of 
Sciences  1 and  for  the  advancement  of  ailronomy  in 
partiGiiIar,  eredted  the  Royal  Obiervatory  at  Paris,  and 
furnifhed  it  with  all  kinds  of  inllriiments  that  were  ne- 
ceiTary  to  make  ebiervations.  The  foundaticn  of  this 
noble  pile  was  laid  irt  1667,  and  the  building  completed 
in  1670,  Of  this  obfervatory,  Callini  was  appointed 
to  be  the  iirll  inliabiter ; which  lie  took  polTelTion  of  in 
Sept,  1671,  wlien  he  fet  himfeif  with  frelh  alacrity  to 
attend  the  duties  of  his  profelhon.  In  1672  he  endea- 
voured to  determine  the  parallax  of  Mars  and  the  fun  : 
and  in  1677  he  proved  that  the  diurnal  rotation  of  Ju- 
piter round  his  axis  rvas  performed  in  9 hours  58  mi- 
nutes, from  the  motion  of  a fpot  in  one  of  his  larger 
belts:  alfo  in  1684  he  difeovered  four  fatellites  of  Sa- 
turn, belides  that  which  Huygens  had  found  out.  In 
i6v93  he  publiflied  a new  edition  of  his  “ Tables  of  Ju- 
piter’s Satellites,”  corrected  by  later  obfervations.  In 
1695  he  took  a journey  to  Bologna,  to  examine  the 
meridian  line,  which  he  had  fixed  there  in  1655  ; and 
he  fliewed,  in  the  prefence  of  eminent  mathematicians, 
that  it  had  not  varied  in  theleaft,  during  that  40  yearso 
In  1700  he  continued  the  meridian  line  through  France, 
which  Picard  had  begun,  to  the  very  fouthern  limits  of 
- that  country. 

After  our  author  had  refided  at  the  royal  obfervatory 
for  more  than  40  years,  making  many  excellent  and 
yfeful  difeoveries,  which  he  pubiiihed  from  time  to 
time,  he  died  September  the  14th,  ^1712,  at  87  years 
of  age  j and  was  fiicceeded  by  his  only  fon  James 
Cafiini,  His  publications  were  very  numerous,  far  too 
much  fo,  even  to  be  enumerated  in  this  place. 

CASSINI  (James),  a celebrated  French  afironomer, 
snd  member  of  the  ieveral  Academies  of  Sciences  of 
I’rance,  Fngiand,  Priifliajand  Bologna,  was  born  at  Paris 
Feb.  18,  1677,  being  the  younger  ion  of  John-Domi- 
rdc  Caffini,  above  mentioned,  vdiom  he  fiicceeded  as 
afironomer  at  the  royal  obfervatory,  the  elder  fon  hav- 
ing loll  his  life  at  the  battle  of  La  Hogue. 

After  his  firil  {Indies  in  his  father’s  houfe,  in  which 
it  is  not  to  be  fuppofed  that  mathematics  and  afirono- 
my  were  neglected,  he  v;as  fent  to  fiudy  pliiiofophy  at 
the  Maxarine  college,  where  the  celebrated  Varignoii 
was  then  profefibr  of  mathematics;  from  whofe  affiftance 
young  Caifini  profited  fo  well,  that  at  15  years  of  age 
he  fupported  a mathematical  thefis  with  great  honour. 
At  the  age  of  17  he  was  admitted  a member  of  the 
Academy  of  Sciences ; and  the  fame  year  he  accom- 
panied his  father  in  his  journey  to  Italy,  where  lie  af- 
’fifted  him  in  the  verification  of  the  iiieridian  at  Bologna, 
and  other  meafurements.  On  his  return  he  made  other 
iiiaiiajr^’erations  in  a journey  into  Holland,  where  lie 


difeovered  fome  errors  in  the  meafiire  of  the  earth  by 
Snell,  the  rcfult  of  which  was  communicated  to  the 
Academy  in  1702.  He  made  alfo  a vilit  to  England 
in  1696,  where  he  was  made  a member  of  the  Royal 
Society, — In  1712  he  fiicceeded  his  father  as  allrono- 
mer  royal  at  the  obfervatory. — ^Iii  1717  he  gave  to  the 
Academy  his  reiearclles  on  the  diltance  of  the  fixed 
Ears,  in  whieli  lie  iheweJ  that  the  whole  annual  orbit,  of 
near  2co  million  of  miles  diameter,  is  but  as  a point  in 
comparifoii  of  that  diliance.  The  fame  year  he  commu- 
nicated alfo  his  difeoveries  concerning  the  inclination  of 
the  orbits  of  the  fatellites  in  general,  and  erpecially  of 
tliofe  of  Saturn’s  fatellites  and  ring. — In  1725  he  un- 
dertook to  determine  the  caufe  of  tne  moon’s  libratioa, 
by  which  flie  fliews  Ibmetimes  a little  tov/ards  one  fide, 
and  iometim.eb  a little  on  the  other,  of  that  half  wiiich 
is  commonly  behind  or  hid  from  our  view. 

In  1732  an  important  queftion  in  aflronomy  exer- 
cifed  the  ingenuity  of  our  author.  His  father  had  de-  , 
termined,  by  his  obfervations,  that  the  planet  Venus  re- 
volved about  her  axis  in  the  fpace  of  23  hours  : and  M. 
Bianchini  had  publifhed  a work  in  1729,  in  which  he 
fettled  the  period  of  the  fame  revolution  at  24  days  8’ 
hours.  From  an  examination  of  Bianchini’s  obferva- 
tions, wliich  were  upon  the  fpots  in  Venus,  he  dif- 
covered  that  he  had  intermitted  his  obfervations  for  the 
fpace  of  3 hours,  from  which  caufe  he  had  probably 
miftaken  nevr  fpots  for  the  old  ones,  and  ib  had  been  led 
into  the  millake.  He  foon  afterwards  determined  the 
nature  and  quantity  of  the  acceleration  of  the  motion 
of  Jupiter,  at  half  a fecond  per  year,  and  of  that  of  the 
retardation  of  Saturn  at  two  minutes  per  year ; that 
thefe  quantities  would  go  on  increafing  for  20CO  years, 
and  then  would  decreafe  again. — In  1 740  he  publiflied 
his  Aftronomical  Tables  ; and  his  Elements  of  Aflro- 
nomy  ; very  extenfive  and  accurate  works. 

Although  aflronomy  was  the  principal  objefl  of  our 
author’s  confideration,  he  did  not  confine  himfeif  abfo- 
lutelx^  to  that  branch,  but  made  occafional  excurfions 
into  other  fields.  We  owe  alfo  to  him,  for  example, 
Plxperiments  on  Eledlricity,  or  the  light  produced  by 
bodies  by  friflion.  Experiments  on  the  recoil  of  fire 
arms  ; Refearches  on  the  rife  of  the  mercury  in  the  ba- 
rometer at  different  heights  above  the  level  of  the  fea ; 
Reflections  on  the  perfecting  of  barning-glafles  ; aad 
other  memoirs. 

The  French  Academy  had  properly  judged  that  one 
of  its  moll  important  objeCts,  was  the  rneafurernent  of 
the  earth.  In  1669  Picard  meafured  a little  more  than 
a degree  of  latitude  to  the  north  of  Paris  ; but  as  that 
extent  appeared  too  fmali  from  which  to  conclude  the 
whole  circumference  with  fufficient  accuracy,  it  was  re- 
foived  to  continue  that  mealurement  on  the  meridian  of 
Paris  to  the  north  and  the  foutli,  through  the  whole  ex- 
tent of  the  country.  Accordingly,  in  1683, the  hateM.de 
la  Hire  continued  that  on  the  north  fide  of  Paris,  and 
the  older  CaiTini  that  on  tiie  fouth  fide.  The  latker  was 
affifted  iqi  1700  in  the  continuation  of  this  operation 
by  his  fon  our  author.  The  fame  worfi  was  farther 
continued  by  the  fame  Academicians  j and  finally  tjie 
part  left  unfinilhed  by  de  la  iiire  in  the  north,  was 
finifhed  in  1718  by  our  author,  with  the  late  Maraldi,' 
and  de  la  FI  ire  the  younger. 

Thefe  operations  produced  a confiderable  degree  of 
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tsrecjfion.  an^peared  alfo,  from  this  meafured  extent 
of  6 degrees,  that  tPe  degrees  were  of  different  lengths 
•in  different  parts  of  the  meridian  ; a.id  m fuch  fort  that 
our  author  concluded,  in  the  volume  publifhed  for  i 1 3, 
that  they  decreaied  more  and  more  towards  the  pole, 
and  that  therefore  the  figure  of  the  earth  was  that  of  an 
oblong fpheroid,  orhavmg  its  axe  longerthantheequato- 
rial  diameter.  He  alfo  meafured  the  perpendicular  to  the 
fame  meridian,  and  compared  the  meafured  diilance  with 
the  differences  of  longitude  as  before  determined  by  the 
eclmfes  of  Jupiter’s  fatellites  ; from  whence  he  con- 
cluded that  the  length  of  the  degrees  of  longitude  was 
fmaller  than  it  w’oiild  be  on  a fphere,  and  that  therefore 
ao-aln  the  hgure  of  the  earth  was  an  oblong  fphercid  ; 
contrary  to  "the  detennination  of  Newton  by  the  theory 
of  gravity.  In  confequence  of  tliele,  affertums  of  our 
author,  the  French  government  lent  two  different  lets 
of  meafurers,  the  one  to  mcafure  a degree  at  the  equa- 
tor, the  other  at  the  poffr  circle  ; and  the  companion 
of  the  w'hole  determined  the  figure  to  be  an  oblate  fplie- 
roid,  contrary  to  Caifini’s  determination. 

After  a long  and  laborious  life,  our  author  James 
Caffini  loft  hisdife  by  a fall  in  April  1756,  in  the  Soth 
year  of  his  age,  and  w’as  fucceeded  in  the  Academy  and 
Obfervatory  'by  his  fecond  fon  CefartFran9ois  de  Thury. 
Fie  puhlifhed,  A T reatife  on  the  Magnitude  and  Figure 
of  .the  Earth  ; as  alfo  The  Elements  or  Theory  of  the 
planets,  with  Tables  ; befide  an  infinite  number  of  pa- 
pers iii  t]ie  Memoirs  of  the  Academy,  from  the  year 
1699  to  1755. 

CASSINI  DE  Thury  (Cesar-Fk  axcois),  a cele- 
brated French  aftronomer,  director  of  the  oblervatoiqq 
penfioner  aftronomer,  and  member  of  moft  of  the  learn- 
cvl  focieties  of  Europe,  was  born  at  Paris  June  17, 
1714,  being  the  fecond  fon  of  James  Caffini,  whofe  occu- 
pations and  talents  our  author  inherited  and  fupported, 
wdth  great  honour.  Fie  received  his  firft  leffons  in  af- 
trorromy  and  mathematics  from  MM.  Maraldi  and 
\ilamus.  Fie  was  hardly  10  years  of  age  w’hen  he  cal- 
culated the  phales  of  the  total  eclipfeof  the  fun  of  1727. 
At  the  age  of  18  he  accompanied  his  father  in  his  tw'O 
'journies  undertaken  for  drawing  the  perpendicular  to 
the  obfervatory  meridian  from  Straibourg  to  Brell. 
From  that  time  a general  chart  of  France  was  devifed; 
for  which  piirpofe  it  w^as  neceffary  to  traverfe  the  coun- 
try by  feveral  lines  parallel  and  perpendicular  to  the 
mewdian  of  Paris,  and  our  author  w^as  charged  w'ith 
the  eondudi  of  this  bufinefs.  He  did  not  content  hlm- 
felf  with  the  meafure  of  a degree  by  Picard  : fufpedf  ing 
even  that  the  meafures  which  had  been  taken  by  his 
Father  and  grandfather  were  not  exempt  from  fome  er- 
rors, which  the  Imperfections  of  their  inftruments  at 
ieaft  would  be  liable  to,  he  again  undertook  to  meafure 
the  meridian  of  Paris,  bv  means  of  a new'  feries  of  tri- 
angles,  of  a fmaller  number,  and  more  advantageoufly 
•tlifpofed.  This  great  w'ork  was  publifhed  in  1 740, 
with  a chart  fhewung  the  new  meridian  of  Paris,  by  two 
different  feries  of  triangles,  paffing  along  the  fca  coalls, 
to  Bayonne,  traverfing  the  frontiers  of  Spain  to  the 
Mediterranean  and  Antibes,  and  thence  along  the  caft- 
frn  limits  of  France  to  Dunkirk,  wdth  parallel  and  per- 
pendicular lines  deferibed  at  the  diftance  of  6000  toifes 
•£ldm  one  another,  from  fide  to  fide  of  the  country.-~-In 
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1735,  he  had  been  received  into,  the  cicademy  as  adjoint 
fiipernumerary  at  21  years  of  age. 

A tour  which  our  autlior  made  in  Flanders,  in  com* 
pany  with  the  kuig,  about  1741,  gave  rife  to  the  parti- 
cular chart  of  France,  at  the  iiiftance  of  the  king. 
Cailin:  publifhed  different  w'orks  relative  to  thefe  charts, 
and  a great  number  of  the  fheets  of  the  ciiarts  themfeb’cs. 

In  i/di,  Caffini  undertook  an  expedition  into  Ger- 
mai'V  ; for  the  purpoi'e  of  contmiung  to  Vienna  liie 
perpendicular  of  the  Paris  meridian  ; to  unite  the  tri- 
angles of  tfie  chart  of  France  wdth  the  points  taken  m 
Germany  *,  to  prepare  the  means  of  extending  into  this 
conritry  tlm  fame  plan  as  in  France  ; and  t]nis*to  efta- 
blifh  lucceffively  for  all  Europe  a moft  iifeful  unifoi’nftr 
ty.  Our  author  was  ar  Vierma  the  6th  of  June  1761, 
the  day  of  the  tranlit  oi  ll'.e  planet  Venus  over  the  fun, 
of  wb.ich  he  obferved  us  much  as  the  ftate  of  the  w'eatlier 
Acoiild  permit  him  to  do,  and,  pubhflicd  the  account  of 
it  in  his  Voyage  en  yliieiragrie. 

■ Finally,  M.  Caffini,  always  meditating  the  perfection 
of  his. grand  defign,  profited  of  the  late  peace  to  pro- 
pole the  joining  of  certain  points  taken  upon  the  Engllffi 
coaft  wdth  tliofe  which  had  been  determined  on  the  coaft 
of  France,  and  thus  to  connect  the  general  chart  of  th^ 
latter  wdth  that  of  the  Britiffi  ifles,  like  as  he  had  be- 
fore united  ft.  wu'th  thofe  oi  Flanders  and  Germany,' 
The  propofal  was  favourably  received  by  the  Englilh 
government,  and  prelently  carried  into,  effedt,  under  the 
direction  of  the  Royal  Society,  the  execution  being 
committed  to  the  late  General  Roy  ; after  w'hofe  death 
the  bufinefs  was  for  fome  time  fufpended  ; but  it  has 
lately  been  revived  under  the  aufpices  of  the  duke  of 
Richmond,  Mailer  General  of  the  Ordnance,  and  the 
execution  committed  to  the  care  of  Col.  Edw’ard  Wil- 
liams and  Capt.  William  Mudge,  both  refpedlable  offi- 
cers of  the  Artillery,  and  Mr.  Ifaac  Dalby,  who  had 
before  accompanied  and  affifted  General  Roy  ; from 
W’hofe  united  Ikill  and  zeal  the  happieft  profecution  of 
this  bufinefs  may  be  expected. 

M.  Caffini  publilhed  in  the  volumes  of  Memoirs  of 
the  French  Academy  a prodigious  number  of  pieces, 
chiefly  altronomical,  too  numerous  to  particularize  in 
this  place,  betw’een  the  years  1737  and  1770  ; confifting 
of  allronomical  oblervations  and  quellions  ; among 
w’hich  are  obfervable,  Refearclics  concerning  the  Paral- 
lax of  the  fun,  the  moon,  Mars,  and  Venus  ; On  allro- 
nomical  refractions,  and  the  elfedt  caufed  in  their  quan- 
tity and  laws  by  the  w'eather  ; Numerous  obfervations 
on  the  obliquity  of  the  ecliptic,  and  on  the  law'  of  its 
variations.  In  fhort,  he  cultivated  aftronomv  for  50 
years,  of  the  moft  Important  for  that  fcience  that  ever 
elapfed,  for  the  magnitude  and  variety  of  objects,  in 
W'hich  he  commonly  fuftauned  a principal  ftiare. 

M.  Caffini  w'as  of  a very  ftrong  and  vigorous  confti- 
tution,  wdiich  carried  him  through  the  many  laborious 
operations  in  geography  and  aftronomy  which  he  con- 
dudted.  An  habitual  retention  of  urine  how'ever  ren- 
dered tlie  lall  12  years  of  his  life  vei-y  painful  and  dii- 
treffing,  till  it  w'as  at  length  terminated  by  the  fmall-poj 
the  4th  of  September  i 784,  in  the  71ft  year  of  his  age; 
being  fucceeded  in  the  academy,  and  as  diredlpi'  of  the 
obfervatory,  by  his  only  fon  the  prefent  count  John- 
Dominic  Caffim’ ; who  is  the  4tli  in  orckr  by  dire 
defeent  in  that  honourable  ftation. 
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CASSIOPEIA,  one  of  the  48  old  conilellatioiis, 
placed  near  Cepheus,  not  far  from  the  north  pole.  The 
Greeks  probably  received  this  figure,  as  they  did  the 
red,  from  the  Egyptians,  and  in  their  fables  added  it 
to  the  family  in  the  neighbouring  part  of  the  heavens, 
making  her  the  wife  of  Cepheus,  and  mother  of  An- 
dromeda, They  pretend  fhe  was  placed  in  this  fitua- 
tion,  to  behold  the  deflrudtion  of  her  favourite  daugh- 
ter Andromeda,  who  is  chained  jult  by  her  on  the 
fhore,  to  be  devoured  ; and  that  as  a punifiiment  for 
her  pride  and  vanity  in  prefuming  to  ftand  the  eompa- 
riion  of  beauty  with  the  Nereids. 

In  the  year  1572  there  buril  out  all  at  once  in  this 
eonftellation.  a new  Ear,  which  at  firlf  furpaffed  Jupi- 
ter himfelf  in  magnitude  and  brightnefs  ; but  it  dimi- 
nifhed  by  degrees,  till  it  quite  dilappeared  at  the  end  of 
18  months.  This  Ear  idarmed  ail  the  aEronomers  of 
that  age,  many  of  whom  wrote  differtations  upon  it ; 
among  the  reE  Tycho  Brahe,  Kepler,  Maurolycus, 
I^ycetus,  Gramineus,  and  others.  Beza,  the  Landgrave 
of  Heffe,  Rofa,  and  others,  wrote  to  prove  it  a comet, 
and  the  fame  that  appeared  to  the  Magi  at  the  birth  of 
ChriE,  and  that  it  came  to  declare  his  fecond  coming ; 
thefe  were  anfwered  by  Tycho. 

The  Ears  in  the  conEeiiation  Cafliopeia,  are  in  Pto- 
lemy’s catalogue  13,  in  Hcvelius’s  37,  in  Tycho’s  46, 
and  in  FlamEeed’s  55. 

CASTOR,  a moiety  of  the  conEeiiation  Gemini ; 
called  alfo  Apollo.  Alfo  a Ear  in  this  conEeiiation, 
whofe  latitude,  for  the  year  1700,  according  to  Heve- 
lius,  was  10°  4'  20''^  north  I and  its  longitude  si  6® 
4 14  . 

CASTOR  anil  Pollux.  See  Geminu 

CASTOR  and  Pollux,  in  Meteorology,  is  a fiery 
meteor,  which  at  fea  appears  fometimes  adhering  to  a 
part  of  the  fhip,  in  the  form  of  a ball,  or  even  feveral 
balls.  When  one, is  feen  alone,  it  is  properly  called 
Helena ; but  two  are  called  CaEor  and  Pollux,  and 
.fometimes  Tyndaridje; 

By  the  Spaniards,  CaEor  and  Pollux  are  called  San 
Elmo ; by  the  French,  St.  Elme,  St.  Nicholas,  St. 
Clare,  St.  Helene  5 by  the  Itah'ans,  Hermo ; and  by 
the  Dutch,  Vree  Vimren, 

The  meteor-  CaEor  and  Pollux,  it  is  commonly 
thought,  denotes  a cefiation  of  the  Eorm,  and  a future 
calm  ; as  it  fs  rarely  feen  tiE  the  tempeE  is  nigh  fpent. 
But  Helena  alone  portends  ill  weather,  and  denotes 
the  fevereE  part  of  the  Eorm  yet  behind. 

When  the  meteor  adheiTS  to  the  malls,  yards,  &c, 
it  is  concluded,  from  the  air  not  having  motion  enough 
to  diffipate  this  dame,  that  a profound  calm  is  at  hand; 
but  if  it  Eutter  about,  that  it  denotes  a Eorm. 

CASTRAMETATION,  the  art,  or  aa*,  of  en- 
■ camping  an  army. 

CATACAUSTICS,  or  Catacanjlic  in  the 

Higher  Geometry,  are  the  fpeoies  of  cauEic  curves 
'formed  by  reEeaion. 

Thefe  curves  are  generated  after  the  following  man- 
ner : If  there  bean  inimite  number  of  rays  A B,  A C, 
A D,  &c,  proceeding  from  the  radiating  point  A,  and 
refleaed  at  any  given  curve  B C D H,  fo  that  the 
angles  of  incidence  be  Eill  equal  to  the  angles  of 
reEeaion  : then  the  curve  B E G,  to  which  the  reflea- 


ed rays  B I,  C E,  D F,  &c,  are  always  tangents,  as  at 
the  points  I,  E,  F,  «Scg,  is  the  catacauEic,^  or  cauEic- 
by-refleaion.  - Or.it  is  the  fame  thing  as  to  fay,  that  a 
cauEic  curve  is  that  formed  by  joining  the  points  of 
concurrence  of  the  feveral  refiedded  rays. 


Some  properties  of  thefe  curves  are  as  follow.  If 
the  refleclcd  ray  I B be  produced  to  K,  fo  that  A B 
= B K,  and  the  curve  K L be  the  evolute  of  the  cau- 
Eic BEG,  beginning  at  the  point  K ; then  the  portion 

of  the  cauEic  B E is  = A^C  — A B -f  C E — B I ^ 
that  is,  the  diEerence  of  the  two  incident  rays  added 
to  the  diEerence  of  the  two  refledled  rays. 

When  the  given  curve  BCD  is  a^geometrical  one, 
the  cauEic  Vv^ill  be  fo  too,  and  will  always  be  reflifiables 
The  cauEic  of  the  circle,  is  a cycloid,  or  epicycloid^, 
formed  by  the  revolution  of  a circle  upon  a circle^ 
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Thus,  A B D being  a femicircle  expofed  to  parallel 
rays  ; then  thofe  rays  which  fall  near  the  axis  C B will 
be  refledled  to  F,  the  middle  point  of  B C ; and  thofe 
which  fall  at  A,  as  they  touch  the  curve  only,  will  not 
be  refledlcd  at  all ; but  any  intermediate  ray  H I will 
be  refledled  to  a point  K,  fomewhere  between  A and  F<, 
And  fmee  every  different  incident  ray  will  have  a dif- 
ferent focal  point,  therefore  thofe  various  focal  points 
will  form  a curve  line  A E F in  one  quadrant,  and 
E G D in  the  other,  being  the  cycloid  above-mLenlion- 
ed.  And  this  figure  may  be  beautifully  exhibited  ex- 
perimentally by  expofing  the  infide  of  a fmooth  bowl, 
or  glafs,  to  the  fun  beams,  or  Erong  candle  light  ; for 
then  this  curve  A E F G D will  appear  plainly  deli- 
neated on  any  white  furface  placed  horizontally  within 
the  fame,  or  on  the  furface  of  milk  contained  in  the 
bowl. 

The  cauEic  of  the  common  cycloid,  when  the  rays 
are  parallel  to  its  axis,  is  alfo  a common  cycloid,  de- 
feribed  by  the  revolution  of  a circle  upon  the  fame  bafe« 
The  cauEic  of  the  logaritlimic  fpiral,  is  the  fame  curve. 

The  principal  writers  on  the  cauEics,  are  PHcpifaJ, 
Carre,  &c.  iSee  Memoires  de  i’Acad,  an.  i666  8c 
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CATACOUSTICS,  or  Cataphormsiy  is  the  fclence 
cf  reflected  founds ; or  that  part  of  acoulLics  which 
treats  of  the  properties  of  echoes. 

CATADIOPTRICAL  T'elefcope,  the  fame  as  Re- 
flecting telefcope  ; which  fee.  ' 

CATALOGUE  of  the  Stars^  is  a lifl:  of  the  fixed 
flars,  difpofed  according  to  fome  order  ; in  their  feveral 
conilellations  ; with  the  longitudes,  latitudes,  rigvht-af- 
cenfions,  &c,  of  each. 

Catalogues  of  the  ftars  have  ufually  been  difpofed, 
either  as  collected  into  certain  figures  called  conftella- 
tions,  or  according  to  their  right  afcenfions,  that  is  the 
order  of  their  pafling  over  the  meri^dian.  All  the  cata- 
logues, from  the  moft  ancient  down  to  Flamlleed’s  in- 
clufively,  were  of  the  firfl  of  thefo  forms,  or  in  conftel- 
lations  : but  moft  of  the  others  fince  that  have  been  of 
the  latter  form,  as  being  much  more  convenient  for 
molt  purpofes.  Indeed  one  has  lately  been  difpofed 
in  clalfes  according  to  zones  or  degrees  of  polar  dif- 
tance. 

Hipparchus  of  Rhodes  firfl  undertook  to  make  a 
catalogue  of  the  flars,  about  128  years  before  Chrill  ; 
in.  which  he  made  ufe  of  the  cbfervations  of  Timocha- 
ris  and  Ariflyllus,  for  about  140  years  before  him. 
Ptolomy  retained  Elipparchus^s  catalogue,  containing 
1026  fixed  flars  in  48  conflellations,  though  he  himfelf 
made  abundarxe  of  cbfervations,  with  a view  to  a new 
catalogue,  an.  dom.  14c.  Albategni,  a Syrian,  brought 
the  fame  down  to  his  own  time,  viz,  about  the  year 
of  Chrifl‘88o.  Anno  1437,  Ulugh  Beigh,  or  Beg.^ 
king  of  Parthia  and  India,  made  a new  catalogue  of 
1022  fixed  flars,  or  according  to  fome  1016  ; fince 
tranflated  out  of  Perfian  into  Latin  by  Dr.  Hyde,  in 
1665.  The  third  perfon  who  made  a catalogue  of  flars 
from  his  own  obfervations  was  Tycho  Brahe,  who  de- 
termined the  places  of  777  flars  for  the  end  of  the 
year  i6co  ; which  Kepler,  from  other  obfervations  of 
Tycho,  afterwards  increafed  to  the  number  of  icoo  in 
the  Rudolphine  tables  ; adding  thofe  of  Ptolomy  and 
other  authors,  omitted  by  Tycho  ; fo  that  his  cata- 
logue amounts  to  above  1160.  About  the  fame  time, 
William,  landgrave  of  Hefle,  with  his  mathematicians 
Byrgius  and  Rothman,  determined  the  places  of  4C0 
ftars  from  new  obferv’ations,  rchlifying  them  for  the 
year  1593  ; which  Heveliiis  prefers  to  thofe  of  Tycho. 
Ricciolus,  in  his  Aftronomia  Reformata,  determined 
the  places  of  loi  flars  for  the  year  1700,  from  his 
own  obfervations  : for  the  rell  he  followed  Tycho^a 
catalogue  ; altering  it  where  he  thought  fit.  Anno 
1667  Dr.  Halley,  in  theifland  of  St.  Helena,  obferved 
350  of  the  fouthern  flars,  not  vifible  in  our  horizon. 
The  fame  labour  was  repeated  by  Father  Noel  in  1710, 
who  publifhed  a new  catalogue  of  the  fame  flars  cen- 
ftra6led  for  the  year  1687.  Alio  De  la  Caille,  at  the 
Cape  of  Good  Hope,  made  accurate  obfeiwations  of 
about  10  theufand  ftars  near  the  fouth  pole,  in  the 
years  1751  and  1752  ; the  catalogue  of  which  was 
publifhed  in  the  Memoirs  of  the  French  Academy  of 
Sciences  for  the  year  1752,  and  in  fome  of  his  own 
works,  as  more  particularly  noticed  below. 

Bayer,  in  his  Uranometrla,  publifhed  in  1603  a ca- 
talogue of  1160  flars,  compiled  chiefly  from  Ptolomy 
and  Tycho,  in  which  every  flar  is  marked  with  fome 
letter  of  the  Greek  alphabet ; the  brighteft  or  princi- 
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pal  flar  in  any'  conftellation  being  denoted  by  the  firfl 
letter  of  the  alphabet,  the  next  flar  in  order  by  the  2d 
letter,  and  fo  on  ; and  when  the  number  of  liars  ex- 
ceeds the  Greek  alphabet,  the  remaining  liars  are 
marked  by  the  letters  of  the  Roman  alphabet ; which 
letters  are  preferved  by  Flamfleed  in  his  catalogue,  and 
by  Senex  on  his  globes,  and  indeed  by  mofl  aflroiio- 
mers  fince  that  time. 

In  1673,  the  celebrated  John  Hevelius,  ofDantzick, 
publifhed,  in  his  Machina  Ccclejiis^  a catalogue  of  i883 
liars,  of  which  1553  were  obfen'cd  by  himfelf  j and 
their  places  fet  down  for  the  end  of  the  year  1660. 
But  this  catalogue,  as  it  Hands  in  Flamlleed’s  Plflorix 
Ccel^  ^Us  of  1725,  contains  only  1520  liars. 

The  moil  complete  catalogue  ever  given  from  the 
labom's  of  one  man,  was  the  Britannic  catalogue,  com- 
piled from  the  obfervations  of  the  accurate  and  indefa- 
tigable Mr.  Flamlleed,  the  iir.ll  Royal  Ailroncmer  at 
Greenwich  ; who  for  a long  feries  of  years  devoted 
himfelf  wholly  to  that  bufinefs.  As  there  was  nothing 
wanting  either  in  the  obferver  or  apparatus,  his  may 
be  confidered  as  a perfecl  work,  fo  far  ns  it  goes.  It 
is  however  to  be  regretted  that  the  edition  had  not 
palled  tlirough  his  own  hands  ; ■ that  now  extant  was 
pubhfhed  by  authority,  but  without  the  author’s  con- 
lent,  and  contains  2734  Another  edition  was 

publifhed  in  1725,  purfuant  to  his  teflament,  containing 
30C0  flars,  with  their  places  adapted  to  the  beginning 
of  the  year  1689  » which  is  added  Mr.  Sharp’s  ca- 
talogue of  the  fouthern  liars  not  vifible  in  olir  hemi- 
fphere,  fet  down  for  the  year  1726.  See  vol.  3 of  his 
HJioria  CcelejVis^  in  which  are  printed  the  catalogues  of 
Ptolomy,  Ulugh  Beigh,  Tycho,  the  Prince  of  Hefle, 
and  Hevelius  ; with  an  account  of  each  of  them  in  the 
Prolegomena. 

The  firfl  catalogue  we  believe  that  was  printed  in 
the  new  or  fecond  form,  according  to  the  order  of  the 
right  afcenfions,  is  that  of  De  la  Caille,  given  in  his 
Ephemerides  for  the  10  years  between  1755 
and  printed  in  1755.  It  contains  the  right  afcenfions 
and  declinations  of  307  flars,  adapted  to  the  beginning 
of  the  year  1750. — In  1757,  De  la  Caille  publifhed  his 
Jljlronomia  Fundamental  containing  a catalogue  of  the 
right  afcenfions  and  declinations  of  398  liars,  likewife 
adapted  to  the  beginning  of  1750. — And  in  1763,  the 
year  after  his  death,  was  publiflied  the  Ccclurn  Fiujlrale 
Stelllferum  of  the  fame  author  ; containing  a catalogue 
of  the  places  of  1942  liars,  all  lituated  to  the  fouthward 
of  the  tropic  of  Capricorn,  and  obferved  by  him  while 
he  was  at  the  Cape  of  Good  Hope,  in  1751  and  1752; 
their  places  being  alfo  adapted  to  the  beginning  of 
I 7 yo.— In  the  fame  year  was  publifhed  his  Ephemc- 
rides  for  the  10  years  between  1 76*5  and  1775  ; in  the  in- 
trodu6lion  to  which  are  given  the  places  ofyiy  zodiacal  - 
flars,  all  deduced  from  the  obfeiwations  of  the  fame  au- 
thor ; the  places  adapted  to  the  beginning  of  the  year- 
1765. 

In  the  Nautical  Almanac  for  1773,  is  given  a cata- 
logue of  387  flars,  in  right  afcenfion,  declination,  longi- 
tude, and  latitude,  derived  from  the  obfeiwations  of  the 
late  celebrated  Dr.  Bi*adiey,  and  adjiifled  to  the  begin-, 
ning  efthe  year  1760.  This  fmall  catalogue,  and  the 
refults  of  about  1200  obfervations  of  the  m 'on,  are  all 
that  the  public  have  yet  feen  of  the  multiplied  labours 
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W"  this  moil  accurate  and  indefatigable  obferver,  although 
he  has  now  (1794)  been  dead  upwards  of  32  years. 

In  1775  was  publiihed  a thin  volume  entitled  Opera 
Jnedita,  containing  feveral  papers  of  the  late  Tobias 
Mayer,  and  among  them  a catalogue  of  the  right  af- 
cenfioris  and  declinations  of  998  ilars,  which  may  be 
cccuifed  by  the  moon  and  planets  ; the  places  being 
adapted  to  the  beginning  of  the  year  1756. 

, At  the  'end  of  the  hrft  volume  of  ‘ Aiironomical 
Obferv^tions  made  at  the  Royal  Observatory  at  Green- 
wich,’ puhlifhed  in  1776^  Dr,  Mafic elyne,  the  prefent 
Aftronomer  Royal,  has  given  a catalogue  of  thc'  places 
of  34  principal  liars,  in  rig'ht-afcejdion  and  north-polar 
diilance,  adapted  to  the  beginning  of  the  year  1770. 
T.hefe,  being  the  reiiilt  of  fevera.1  years’  repeated  ob- 
fervations,-  made  with  the  iitniod  care,  and  the  bell  in- 
•druments,  it  may  be  preCumed  are  exceedingly  accu- 
rate. > 


' In  17S2,  M.  Bode,  of  Berlin,  publiihed  a very  ex- 
-teniive  catalogue  of  5058  of  the  fixed  liars,  colledled 
from  the  obfervations  of  Flamfi:eed,  Bradley,  Hevelius, 
iMayer,  De  laCaille,  Melfier,  Monnier,  D’Arquier,  and 
other  allronomers  ; all  adapted  to  the  beginning  of  the 
,year  1780;  and  accompanied  with  a Celellial  Atlas, 
or  fet  of  maps  of  the  coiillellations,  engraved  in  a mod 
-delicate  and  beautiful  manner. 

To  thefe  may  be  added,  Dr.  Herfchel’s  catalogue 
-of  double  liars,  printed  in  the  Philof.  Tranf.  for  1782 
.and  1783  ; Meffier’s  nebuise  and  cinders  of  liars,  pub- 
lifhed  in  the  ConnoilTance  des  Temps  for  1784  ; and 
Herfchel’s  catalogue  of  the  fame  kind,  given  in  the 
’philof.  Tranf.  for  lySd* 

In  1789  Mr.  Francis  Wolladon  publiihed  ‘ A Spe- 
■cimen  of  a General  Adronomical  Catalogue,  in  Zones 
of  North-polar  Diilance,  and  adapted  to  Jan.  i,  1790.’ 
Thefe  (tars  are  colledled  from  all  the  catalogues  before- 
mentioned,  from  that  of  Hevelius  downwards.,,  This 
work  contains  five  dillindt  catalogues;  viz.  Dr. 
Mallcelyne’s  new  catalogue  of  36  principal  dars  ; a ge- 
neral catalogue  of  all  the  dars,  in  zones  of  north-polar 
didance  ; an  index  to  the  general  catalogue  ; a cata- 
logue of  all  the  dars,  in  the  order  in  which  they'  pafs 
the  meridian  ; and  a catalogue  of  zodiacal  dars,  in  lon- 
gitude and  latitude. 

Finally,  in  1792,  Dr.  Zach  publiihed  at  Gotha,  Ta- 
bula Motuuni  Solis,  to  which  is  annexed  a new  catalogue 
of  the  principal  fixed  dars,  from  his  own  obfervations 
made  in  the  years  1787,  1788,  1789,  1790.  This  ca- 
talogue contains  the  right  afeenfions  and  declinations 
of  381  principal  dars,  adapted  to  the  beginning  of  the 
year  1800. 

CATAPULT,  CatapuJta,  a military  engine,  much 
ufed  by  the  ancients -for  throwing  huge  ilones,  and 
fometimes  large  darts  and  javelins,  12,  15,  or  even  18 
feet  long,  on  the  enemy.  It  is  fometimes  confounded 
witli  the  B alii  da,  which  is  more  peculiarly  adapted  for 
throwing  dones  ; fome  authors  making  them  the  fame, 
and  others  different. 

( The  catapulta,  which  it  is  faid  was  invented  by  the 
Syrians,  confided  of  two  huge  timbers,  like  mads  of 
{hips,  placed  againd  each  other,  and  bent  by  an  engine 
for  the  purpofe  ; thefe  being  fuddenly  unbent  again 
by  the  droke  of  a hammer, -thrcAv  the  javelins  with 
prodigious  force.;  Its  drudlure  and  the  .manner  cl 


working  it  are  deferibed  by  Vitruvius  5 and  a figure  of  it 
is  alfo  given  by  Perrault.  M.  Folard  adhrts  that  the  ca- 
tapult made  infinitely  more  diforder  in  the  ranks  than.., 
our  cannon  charged  with  iron  balls.  See  Vitruv, 
Arciiit,  lib.  x.  cap.  15  and  18  ; and  Perr.  notes  on  the 
fame  ; alfo  Rivius,  pa.  597. 

Jofephus  takes  notice  of  the  furprifing  effcAsof  thefe 
engines,  and  fays,  that  the  dones  thrown  out  of  them,  of 
a liundred  weight  or  more,  beat  down  the  battlements, 
knocked  the  angles  off  the  towers,  and  would  level  ,a 
whole  file  of  men  from  one  end  to  the  other,  w'erc 
the  phalanx  ever  10  deep. 

See  plate  V,  fig.  3 and  4,  for  two  forms  of  the  cata- 
pult, the  one  for  throwing  darts  and  javelins,  the  other 
for  dones. 

CATENARY,  a curve  line  which  a chain,  cord, 
or  fuch  like,  forms  itfelf  into,  by  hanging  freely  from 
two  points  of  fufpenfion,  whether  thefe  be  in  the  dime 
horizontad  line  or  not  ; as  the  cuiwe  ACB,  formed  by 
a heavy  dexible  line  fufp ended  by  any  two  points 
A and  B. 
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The  nature  of  this  curve  was  fought  after  by  Galileo, 
who  thought  it  was  the  fame  with  the  parabola ; but 
though  Jungius  detedted  this  midake,  its  true  nature 
was  not  difeovered  till  the  year  1691,  in  coiifequence 
of  M.  John  Bernoulli  having  publidied  it  as  a problem 
in  the  A£la  Eruditorum,  to  the  mathematicians  of  Eu- 
rope. Tn  1697  Dr.  David  Gregory  publidied  an  in- 
vedigation  of  the  properties  before  difeovered  by  Ber- 
noulli and  Leibnitz  ; in  which  he  pretends  that  an  in- 
verted catenary  is  the  bed  figure  for  an  arch  of  a bridge 
!&c.  See  Philof.  Tranf.  abr.  vol.  i.  pa.  39  ; alfo  Ber- 
noulli Opera,  vol.  i.  pa.  48,  and  vol.  3.  pa.  491  ; and 
Cotes’s  Harmon.  Menfur.  pa.  108. 

The  catenary  is  a curve  of  the  mechanical  kind,  and  can- 
not be  expred'ed  by  a finite  algebraical  equation,  in  fimple 
terms  of  its  abfeifs  and  ordinate  ; but  is  eafiily  expreffed 
by  means  of  fluxions ; thus  if  AQJie  its  axis  perpendicu- 
lar to  the  horizon,  and  PQ^an  ordinate  parallel  to  the 
fame,  or  perp.  to  AQ^;  alfo  T’y  another  ordinate  indefi- 
nitely near  the  former,  and  po  parallel  to  AQj  then,  a 
being  fome  given  or  condant  quantity,  the  fundamental 
property  of  the  curve  is  this,  viz,  P^?  : op  : : AP  : 
a,  OY  X : y : : 2;  : ^7,  that  is,  the  duxicn  of  the  axis, 
is  to  the  fluxion  of  the  ordinate,  as  the  length  of  the 
curve  is  to  the  given  quantity  a ; where  x ™ AQ^  y 
~ PQ^  and  2;  = AP.  This,  and  the  other  properties  of 
the  curve,  will  eafily  appear  from  the  following  confi- 
derations:  Fird,  fuppofing  the  curve  hung  up  by  its  two 
points  B and  C againd  a perpendicular  or  upright 
wall  : then,  every  lower  part  of  the  curve  being  kept 
in  its  pofition  by  the  tendon  of  that  which  is  imme- 
diately above  it,  the  lower  parts  of  the  ciin^e  will  retain 
the  fame  pofition  unvaried,  by  whatever  points  it  is  luL 

pended 
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pended  above  ; thus,  if  it  were  fixed  to  the  wall  by  the 
point  F,  or  G,  See,  the  whole  curve  CAB  will  reinaiu 
juft  as  it  was  ; for  the  tenfions  at  F and  G have  the 
fame  efted  upon  the  other  parts  of  the  curve  as  wiien. 
it  is  lixed  by  thofe  points  : and  hence  it  follows  that 
the  tenfion  of  the  curve  at  the  point  A,  in  the  horizon- 
tal diredion,  is  a conftant  quantity,  wdiether  the  two 
kp-s  or  branches  of  the  curve,  on  both  lides  of  it,  be 
longer  or  Ihorter : which  conftant  tenfton  at  A let  be 
denoted  by  the  quantity  a. 

Now  becaufe  any  portion  of  the  curve,  as  AP,  is 
kept  in  its  pofition  by  three  forces,  viz,  the  tenfions  at 
its  extremities  A and  P,  and  its  own  weight,  of  which 
the  tenfion  at  A ads  in  the  diredion  API  or  po,  and 
the  tenfion  at  P ads  in  the  diredion  Pp,  and  the  wt. 
of  the  line  ads  in  the  perpendicular  dnedtion  <?P  ; that 
is,  the  three  forces  which  retain  the  curve  AP  in  its 
pofition,  ad  in  the  diredions  of  the  fides  of  the  elernen- 
tar)^  triangle  op?  ; but,  by  the  principles  of  mechanics, 
any  three  forces,  keeping  a body  in  equilibrio,  are  pro- 
portional to  the  three  fides  of  a triangle  drawn  in  the 
diredions  in  which  thofe  forces  ad  ; therefore  it  fol- 
lows that  the  forces  keeping  AP  in  its  pofition,  viz, 
the  tenfion  at  A,  the  tenfion  at  P,  and  the  wt.  of  AP, 
are  refpedively  as  op,  pV,  and  oP, 
that  is,  as  j,  %,  and  x . 

But  the  tenfion  at  A is  the  conftant  quantity  a,  and 
the  wt.  of  the  uniform  curve  AP  may  be  expounded  by 
its  length  n;  ; therefore  it  follows  that  x : y : : 2;  : a •, 
which  was  to  be  proved. 

Alfo  from  this  laft  proportion,  by  proper  analogy, 
or  limilar  combinations  of  the  terms,  there  arlfes  this 

other  property,  x : y-  yy  or  z ::  z : ^/ ad  + zz, 

zz 

cv  zz  ~ x^aa  + zz,  or  x = 


*>/  -Y  z- 


: and  the 


fluents  of  thefe  give.v  = a'^  + z'^ . But  at  the  vertex 

of  the  curve,  where  .%•  = o,  and  z — o,  this  becomes 

O — y-  o ~ a ; and  therefore  by  corredion  the 

true  equation  of  the  fluents  is  .v  = ^ +2*-  — d, 
or  a 4-  x r=  a/ ly  : and  hence  alfo  s = 


4-  x~  — a'^ 


2 ax  -f  x'^  and  a — 


Z‘ 


2 X 


Any  of  which  is  the  equation  of  the  cur\’e  m terms 
of  the  arch  and  its  ahfeifs  ; in  which  it  appears  that 
a 4-  ‘V  is  the  hypothenuie  ot  a right-angled  triangle 
whofe  two  legs  are  a and  z.  So  that,  ii  in  Q A and  HA 
produced,  there  be  taken  AD  — d,  and  AF.  = the 
curve  2;  or  AP  ; then  will  the  hypotheniifc  i.>F.  be 
a -f  .V  or  DCF  And  hence,  any  two  of  theft  three, 
a,  X,  z,  being  given,  tlie  third  is  given  alfo. 

Again,  from  the  firll  fimple  property,  viz,  x :y  : : 
z : a,  ox  ax  — zy,  by  fubftitiiting  the  value  of  25  above 

found,  ft  becomes  ax  = y^/iax  4-  k"?  or  y = 

ax  ^ - 

r;  and  the  fluent  of  this  equation  is 


V 2 ax  -4- 


y — 2a  Y.  hyp.  log.  of  -\-  \/ 2a  x * But  at 
the  vertex  of  the  curve,  where  x — o and  3/  = o,  this 
becomes  o = 2u  X hyp.  log.  of  a/ 2a',  therefore  the 
corred  equation  of  the  fluents  is  y=z2a  X hyp.  log.,  ot 


— ; an  equation  to  the  curve  alfo,  in 
2a 

tenns  of  :>c  and  y,  but  not  in  limple  algebraic  terms, 
ddiis  laft  equation  however  may  be  brought  to  much 
fimpler  tenns  in  different  ways  ; as  firft  by  fquaring  the 
logarithmic  quantity  and  dividing  its  coef.  by  2,  then 

, a + X ^ A/zax 

y = a X nyp.  log.  01 


~ a X 


di 


hyp.  log. 


a -+-  X -f- 


a 


',  and  2d  by  multiplying-  both  nu-^ 


merator  and  denominator  by  2^2  4-  ^ x , then 

fquaring  the  produd,  and  dividing  the  coef.  by  2, 

2;  4" 

which  gives  y a X hyp.  log* 


a X. 


liyp.  log. 


X 


~ a X hyp.  log. 


4- 


■X 


2;“  — .X“  2;  — .V 

CATHETUS,  in  Geometry,  a name  by  which  the 
perpendicular  leg  of  a right-angled  triangle  is  fometimes 
called.  Or  it  is  in  general  any  line  or  radius  falling 
perpendicularly  on  anotlier  line,  or  furface. 

Cathetus  of  Incidence  ; in  Catoptrics,  is  a right  line 
drawn  from  a radiant  point,  or  point  of  incidence,  per- 
pendicular to  the  relicding  line,  or  plane  of  the  ipecu- 
lum. 

Cathetus  of  Ref.cBion,  or  of  the  Eye,  a right  line 
drawn  from  the  eye,  perpendicular  to  the  plane  of  re- 
flcdtion. 

Cathetus,  in  Architedure,  denotes  the  axis  of  a* 
column  &c.  In  the  Ionic  Capital,  it  denotes  a line 
pafllng  perpendicularly  through  the  eye  or  centre  of 
the  volute, 

CATOPTRICS,  the  fcience  of  reflex  vifton  ; or 
that  part  of  optics  which  explains  the  laws  and  proper- 
ties of  light  rtlleded  from  mirrors,  or  fpecula. 

The  firft  treatife  extant  on  catoptrics,  is  that  which 
was  compofed  by  Euclid  : this  was  publilhed  in  Latin 
in  1604  by  John  Pena  ; it  is  alfo  contained  in  Herigon’s 
Comic  of  Mathematics,  and  iu  Gregory’s  edition  ot 
the  works  of  Euclid  : though  it  is  fufpeded  by  fome 
that  this  piece  was  not  the  work  of  that  great  geome- 
trician, notwithftanding  that  it  is  aferibed  to  him  by 
Proclus  in  lib.  2,  and  by  Marinus  in  his  Preface  to 
Euclid’s  Data.  Alhazen,  an  Arabian  author,  compofed 
a large  volume  of  optics  about  the  year  1100,  in  which 
lie  treats  pretty  fully  of  catoptrics : and  after  him  Vi- 
tello,  a Poliili  writer,  compofed  another  about  the  year 
1270.  Tacquet,  in  his  Optics,  has  very  well  demon- 
ftrated  the  chief  propofitions  of  plane  and  fpherical  fpe^ 
culams.  And  the  fame  is  very  ably  done  by  Dr.  Bar- 
row  in  his  Optical  Ledures.  There  are  alio  Trabe’t 
Catoptrics  j David  Gregory’s  Elements  of  Catoptrks  j 
Wolfius’s  Elements  of  Catoptrics;  and  thofe  of  Dr* 
Smith,  contained  in  his  learned  and  very  elaborate 
Treatife  on  Optics;  and  many  others  of  lefs  note. 

As  this  fubjed  is  treated  under  the  general  term  Op- 
tics, the  lefs  need  be  laid  of  it  here.  The  whole  doev 
trine  of  Catoptrics  depends  upon  this  fimple  principle, 
that  the  ajtgle  of  incidence  is  equal  to  the  angle  of  re- 
fledion,  tiiat  is,  tiiat  the  angle  in  which  a ray  of  light 
falls  upon  any  furface,  caked  the.  angle  of  incidtuce, 
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h equal  to  the  angle  in  which  it  quits  it  when  re!le61,ed 
from  it,  called  the  angle  of  refieclion  ; though  it  is 
fometimes  deiined  that  the  angles  of  incidence  and  re- 
fledlion,  are  thofe  which  the. incident  and  reflected  rays 
make,  not  with  the  reflecting  furface  itfeif,  but  with 
a perpendicular  to  that  furface,  at  the  point  of  contaCh, 
which  are  the  complements  to  the  .others  : but  it  mat- 
ters not  by  what  name  thefe  angles  are  called,  as  to  the 
truth  and  principles  of  the  fcience  ; iince,  if  the  angles 
are  equal,- their  complements  are  alfo  equal.  This  prin- 
ciple ot  the  equality  between  the  angles  of  incidence 
and  refledlion,  . is  mere  matter  of  experience,  being  a 
phenomenon  that; has  alv/ays  been  obferved  to  take 
place,  in  every  cafe  that  has  fallen  iin4er  obfervation, 
as  near  at  leaft  as  mechanical  meafurements  can  afcer- 
taln  ; and  hence  it  is  inferred  that  it  is  a univerfal  law 
of  nature,  and  toTe  confidered  as  matter  of  fa£l  in 
all  cafes.  Thus,  let  AC  be  an  incident  ray  falling  up- 
on the  refledling  ^furface  DE,  and  CB  the  refle<5led 
ray,  alfo  CO  perpendicular  to  DE  ; then  is  the  angle 
.ACD  ,=:  BCE,  or  the  angle  ACO  = BCO. 


Of  this  law  in  nature,  viz,  the  equality  between  the 
angles  of  incidence  and  refledlion,  it  is  remarkable, 
^that  in  this  way,  the  length  or  rout  AC  CB,  in  a 
ray  pafiing  from  any  point  A to  another  given  point  B, 
by  being  reflected  from  any  furface  DE,  is  the  fhorteft 
poffibie,  namely  AC  + CB  is  fhorter  than  the  fum 
AG  + GB  of  any  other  two  lines  inflefted  at  the  line 
DE  ; and  hence  alfo  the  paflage  of  the  ray  from  A to 
B is  performed  in  a Ihorter  time  than  if  it  had  pafled 
by  any  other  way. 

From  this  Ample  principle,  and  the  common  proper- 
ties of  lineal  geometry,  the  chief  phenomena  of  catop- 
trics are  eaflly  deduced,  and  are  as  here  following. 


X,  Rays  of  light  refle<fled  from  a plane  {urface,  have 
the  fame  inclination  to  each  other  after  reflection  as 
they  had  before  it.  Thus,  the  rays  AC,  AI,  AK, 
iffuing  from  the  radiant  point  A,  and  refieCled  by  the 
furface  DE  into  the  lines  CF,  IL,  KM  ; thefe  lat- 
ter lines  will  have  the  fame  inclination  to  each  other  as 
tKe  former  AC,  AI,  AK  have.  For  draw  ABG  per- 
pendicular to  DE,  and  produce  FC,  LI,  MK  back- 
wards to  meet  this  perpendicular,  fo  fliall  they  all  meet 
jn  the  fame  point  G,  and  AB  will  in  every  cafe  be  equal 
to  BD  : for  the  incident  A ACB  is  equal  to  the  re- 
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fleCled  Z.  FCE,  which  is  equal  to  the  oppofite  angle 
BCG  ; fo  that  the  two  triangles  ABC,-  GBC,  have 
the  angles  at  C equal,  as  alfo  the  right  angles  at  B 
equal,  and  confeqiientl)^  the  3d  angles  at  A and  G 
equal ; and  having  alfo  the  fide  BC  common,  they  arc 
equal  in  all  refpedts,  and  fo  AB  = BG.  And  the 
fame  for  the  other  rays.  Confequently  the  angles 
BGC,  BGI,  BGK  are  refpedtively  equal  to  the  angles 
BAC,  BAI,  BAK  ; that  is,  the  refledled  rays  have 
the  fame  inclinations  as  the  incident  ones  have. 

2.  Flence  it  is  that  the  image  of  an  object,  feen  by 
refle6lion  from  a plain  mirror,  feems  to  proceed  from  a 
place  G as  far  beyond,  or  on  the  other  fide  of  the  re- 
fledting  plane  DE,  as  the  objedl  A itfeif  is  before  the 
plane.  This  is  when  the  incident  rays  diverge  from 
fome  point  as  A. 

But  if  the  cafe  be  reverfed,  and  FC,  LI,  MK  be 
confldered  as  incident  rays,  iffuing  from  points  F,  L,  M, 
and  converging  to  fome  point  G beyond  the  refledting 
plane  ; then  CA,  lA,  KA  will  bedome  the  refledled 
rays,  and  they  will  converge  to  the  point  A as  far  be- 
fore the  plane,  as  the  point  G is  beyond  it. 

So  that  univerfally,  when  the  incident  rays  diverge 
from  a point  A,  the  refledted  rays  will  alfo  diverge 
from  a point  G ; and  when  the  incident  rays  converge 
towards  a point  G,  the  refledled  ones  will  alfo  converge 
to  a point  A ; and  in  both  cafes  thefe  two  points  are  at 
equal  diftances  on  the  oppofite  fides  of  the  refledting 
plane  DE. 

3,  Parallel  rays  refledted  from  a concave  fpherical 
furface,  converge  after  refledtion.  For,  let  AF,  CD, 
EB  be  three  parallel  rays  falling  upon  the  concave  fur- 
face FB,  whofe  centre  is  C.  To  the  centre  draw  the 
perpendiculars  FC  and  BC  ; alfo  draw  FM  making  the 
refledled  angle  CFM  equal  to  the  incident  angle  CFA  ; 
and  in  like  manner  BM  to  make  the  angle  CBM  = the 
angle  CBE  ; fo  fhall  the  rays  AF  and  EB  be  refledled 
into  the  converging  rays  FM  and  BM.  As  to  the  ray 
CD,  being  perpendicular  to  the  furface,  it  is  refledled 
back  again  in  the  fame  line  DCo 
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4.  Converging  rays  falling  upon  the  concave  furface  ' 
are  made  to  converge  more.  Thus,  let  GB  and  FIF 
be  the  incident  rays  : then  becaufe  the  incident  angle  * 
HFC  is  larger  than  the  angle  AFC,  therefore  the  equal ' 
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Te{lc;<^ecl  angle  NFC  is  greater  than  the  reHeCred  angle 
MFC,  and  fo  the  point  N is  below  the  point  M,  or  the 
line  FNbelow  the  line  FM ; and  in  like  manner  BN  is  be- 
low BM ; that  is,  the  reflected  rays  FN  and  BN  are  more 
converging  in  this  cafe,  than  FM  and  BM  in  the  other. 

5.  The  focus  to  which  all  parallel  rays,  falling  near 
the  vertex  D,  are  reflected,  is  in  the  middle  of  the  ra- 
dius M.  For,  becaufe  the  L.  MFC  = L.  AFC  which 
13  the  alternate  jL  FCM,  therefore  the  fides  oppo- 
fite  thefe  aiigles  are  alfo  equal,  namely  the  fide  FM  = 
CM  ; coniequently  when  the  point  F is  very  near  the 
vertex  D,  then  the  fum  CM  -f*  is  nearly  = CD, 
raid  fo  CM  nearly  rr  MD,  or  the  focus  of  the  parallel 
rays  is  nearly  in  the  middle  of  the  radius.' — But  the 
focus  of  other  rejected  rays  is  either  above  or  Ivdow 
that  of  the  parallel  rays  ; namely,  below  when  the  in- 
cident rays  are  converging,  and  above  when  they  are 
diverging  ; as  is  evident  by  infpeefion  ; thus,  N the  re- 
fleCled  focus  of  the  converging  raVs  GB  and  bIF,  is 
below  M ; I that  of  the  diverging  rays  YB  and  YF,  is 
, above  M. 

6.  Incident  and  rededfed  rays  are  reciprocal,  or  fo 
that  if  the  reflected  rays  be  returned  back,  or  conii- 
dered  as  incident  ones,  they  will  be  refiecfed  back  into 
what  were  before  their  incident  rays.  And  hence  it 
follows  that  diverging  rays,  after  reliecfion  from  a con- 
cave fpherical  furrace,  become  cither  parallel  or  lefs  di- 
verging than  before.  Thus  the  incident  rays  IMF  and 
MB  are  reflccled  into  the  parallel  rays  FA  and  BE, 
-and  the  rays  NF  and  MB  are  refleCled  into  FH  and  IKI, 
which  are  lefs  diverging;  alfo  the  rays  IF  and  IB  are  re- 
fiedfed  into  FK  and  BL,  which  converge.- — And  lienee 
•all  the  phenomena  of  concave  mirrors  will  be  evident. 

7.  Rays  refiedfed  from  a convex  fpeculum,  become 
quite  contrary  to  thofe  reflected  from  a concave  one  ; 
fo  that  the  parallel  rays  become  diverging,  and  the  di- 
verging rays  become  flill  more  diverging  ; alfo  con- 
, verging  rays  will  become  either  diverging,  or  parallel, 
-or  elfe  lefs  converging.  Thus  BDF  being  a fpherical 
furface,  whofe  centre  is  C,  produce  the  radii  CBV 
and  CFT  which  are  perpendicular  to  the  furface  ; then 
It  is  evident  that  the  parallel  rays  AF  and  EB  will  be 
reflcdled  into  the  diverging  ones  FK  and  BE  ; and  the 
diverging  ravs  YB  and  YE  become  BO  and  FP  which 
are  more  diverging  ; alfo  the  converging  rays  I IF  and 
GB  become  FR  and  BS  which  diverge,  or  ellc  KF 
-2nd  I..B  become  FA  and  BE  which  are  parallel,  or 
elfe  laftly  PF  and  OB  become  FY  and  BY  wbicli  are 
<ouvevgi'ig<. 


8.  Hence,  as  in  the  concave  fpeculum,  fo  alfo  in  the 
convex  one,  of  parallel  incident  rays  AF  and  EB,  the 
imaginary  focus  M of  their  reflcdled  rays  FJ^  and  BK, 
is  in  the  middle  of  the  radius  when  the  fpeculum  is  a 
fcall  fegment  of  a f]fliere  : but  the  reflected  imaginary 
focus  of  other  rays  is  cither  above  or  below  the  middle 
point  M,  viz  N being  that  of  the  converging  rays  GB 
and  PIF,  below  M ; but  I,  that  of  the  diverging  ravs 
YB  and  YF,  above  M. 

9.  When  the  fpeculum  is  the  fmall  fegment  of  a 
fjihere,  either  convex  or  concave,  and  tiie  incident 
rays  either  converging  or  diverg;ing,  the  diflances  of 
the  foci,  or  points  of  concurrence,  of  the  incident  rays, 
and  of  the  refledled  rays,  f-om  the  vertex  of  tiie  fpe- 
culum, are  directly  proportional  to  the  dillances  of  the 
fame  from  the  centre  of  it ; 

that  is  YD  : ID  ::  YC  ; TC, 
and  QI)  : ND  : : : NC. 

For  becauie  the  radius  CF,  or  the  fame  produced,  bi- 
fects  the  angle  YFI  in  the  concave  fpeculum,  or  the 
external  angle  YFP  in  the  convex  one,  tlierefore  YF  : 
IF  : ; YC  : IC  ; but  when  F is  verv'"  near  to  D,  then 
YF  and  IF  become  neailv  YD  and  ID  ; coniequently 
YD  : ID  : : YC  : IC.  ' 

In  like  manner,  becaufe  CF  bifects  the  ang'Ie  QFN 
in  the  convex,  or  its  external  angle  NFH  in  the  con- 
cave fpeculum,  therefore  QJF  ; FN  ; : QC  ; NC  ; but 
when  F is  very  near  to  D,  then  QF  and  FN  become 
nearly  OD  and  ND  ; and  therefore  QD  ; ND  : : QC  ; 
NC. 

For  example,  fuppofe  it  were  required  to  find  the  fo- 
cal diflance  of  diverging  rays  incident  upon  a convex 
furface,  the  radius  of  the  fphere  being  5 inches,  and 
the  diflance  of  the  radiant  point  from  the  furface  20 
inches.  Here  then  are  given  YD  20,  and  CD  — 5^ 
to  find  ID  ; then 

ID 
ID 


the  theorem  YD 

in  numbers  is  20 

or  by  permutation  20 
and  by  compofitian  45 


25 

20 


YC:  IC, 

25  ; 5 . - ID, 
ID:  5 -ID, 

5 


ID  = 

— -f  5 


2_0  , 
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the  focal  difliance  fought. 

And  if  it  fhoiild  happen  in  any  cafe  that  the  value  of 
ID  in  the  calculation  Ihould  come  out  a negative  quan- 
tity, tjie  focal  diflance  muft  then  be  taken  on  the  con- 
traiT  fide  of  the  furface. 

From  the  foregoing  principles  may  be  deduced  and 
colle6led  the  following  practical  maxims,  for  plane  and 
fpherical  mirrors,  viz, 

] . In  a Plane  Iiurror, 

(1) .  The  image  will  ajipear  as  far  behind  the  mir- 
ror, as  the  obj-eCl  is  before  it. 

(2) .  The  image  will  appear  o-f  the  fame  fize,  and  ifi 
the  fame  {x.fition  as  the  object. 

.(3).  Any  plain  mirror  will  reileT  the  image  of  an 
objeft  of  twice-its  own  length  and  breadth. 

II.  In  a Sphencnl  Convex  Mh'ror^  . 

(1) .  d'he  image  will  always  appear  behind  the  mir- 
ror, or  wdtliin  the  fphere. 

(2) .  The  image  will  be  in  the  fame  pofitlon,  but 
lefs  than  the  object.  ^ 

(3) .  Tlic  image  will  he  curved,  but  not  fpherical, 
like  the  mirror. 

Qf).  I’arallel  rays  flilliiig  on  this  miiror,  will  have 
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the  iinare  at  half  the  diilance  of  the  centre  from  the 

O 
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(5) ,  In  converging  rays,  the  diilance  of  the  ob]e6f 
null  be  equal  to  half  the  diilance  of  the  centre,  to  make 
the  iTr,ag:e  appear  behind  the  mirror. 

(6] .  Diverging  rays  will  have  their  Image  at  Icis  than 
half  the  dillaiice  of  the  centre. 

III.  In  a Spherical  Concave  Mirror^ 

( 1 ) .  Parallel  rays  have  their  focus,  or  the  image,  at 
half  the  diilance  of  the  centre. 

(2) .  In  the  centre  of  the  fphere  the  image  appears 
-of  the  fame  diraenfions  as  the  objcdl. 

(3) .  Converging  rays  form  an  image  before  the 
min'or. 

(4) .  In  diverging  rays,  if  the  objefl  be  at  lefs  than 
half  the  diilance  of  the  centre,  the  image  will  be  be- 
hind the  mirror,  erecl,  curved,  and  magnified ; but 
if  the  diilance  of  the  objefil  be  greater,  the  image  will 
be  before  the  mirror,  inverted  and  diminillied. 

(5) .  1'he  folar  rays,  being  parallel,  will  be  collefted 
in  a focus  at  half  the  diilance  of  its  centre,  where  their 
heat  will  be  augmented  in  proportion  as  the  furface  of 
the  mirror  exceeds  that  of  the  focal  ipot. 

(6) e  If  a luminous  body  be  placed  131  the  focus  of 
a concave  mirror,  its  rays,  being  reflecled  in  parallel 
lines,  will  llrongly  enlighten  a fpace  of  the  fame  dimien- 
fions  with  the  mirror,  at  a great  diilance.  If  the  lumi- 
nous objedl  be  placed  nearer  than  the  focus,  its  rays 
will  diverge,  and  fo  enlighten  a larger  fpace,  but  not  fo 
llrongly.  And  upon  this  principle  it  is  that  reverbe- 
rators are  conltrufled. 

Catoptric  Dlaly  a dial  that  exhibits  obje6ls  by 
aeflefted  rays.  See  ReJIedtng  Dial. 

Catoptric  Telefcope,  a telefcope  that  exhibits  ob- 
jefils  by  reflefilion.  See  Rejlelting  Telescope. 

Catoptric  Ciflula,  a machine,  or  apparatus,  by 
wTich  fmall  bodies  are  reprefented  extremely  large, 
and  near  ones  extremely  wide,  and  diffufed  through  a 
vail  fpace  ; with  other  very  pleafing  phenomena,  by 
means  of  mxirrors,  difpofed  by  the  laws  of  catoptrics, 
in  the  concavity  of  a kind  of  chell. 

There  are  various  kinds  of  thefe  machines,  accom- 
modated to  the  various  intentions  of  the  artificer : 
fome  multiply  the  objedls,  fome  miagnify,  fome  deform 
them,  &c.  The  ilriidlure  of  one  or  two  of  them  will 
fufiice  to  Ihew  how  many  more  may  be  made. 

Tb  make  a Catoptric  Cijiula  to  reprefent  fevsral  dif- 
ferent feenes  of  ohjeCs,  nvhen  viewed  by  diferent  holes. 


Provide  a polygonal  cillula,  or  box,  like  the  muH" 
angular  prifrn  ABCDEE,  and  divide  its  cavity  by 
agonal  planes  AD,  BE,  CF,  interfedling  in  the  cen- 
tre, into  as  many  triangular  cells  as  the  chell  has  Tides. 
Dine  tliofe  diagonal  partitions  with  plain  mirrors  ; and 
in  the  fides  of  the  box  make  round  holes,  through 
which  the  eye  may  peep  within  the  ceils  of  it.  Thele 
holes  are  to  be  covered  with  plain  glafies,  ground 
within-fide,  but  not  polilhed,  to  prevent  the  objedls  in 
the  cells  from  appearing  too  dillindlly.  In  each  cell 
are  to  be  placed  the  different  objedls  whofe  images  are 
to  be  exhibited  ; then  covering  up  the  top  of  the  chell 
with  a thin  tranfparent  membrane,  or  parchment,  to 
admit  the  light,  the  machine  is  complete. 

For,  Bom  the  laws  of  refledlion,  it  follows,  that  the 
images  of  objeAs,  placed  within  the  angles  of  mirrors, 
are  multiplied,  and  appear  fome  more  remote  than 
others  ; by  which  the  objedls  in  one  cell  will  appear  to 
take  up  more  room  than  is  contained  in  the  whole  box. 
Therefore  by  looking  through  one  hole  only,  the  objedls 
in  one  cell  will  be  feen,  but  thofe  multipbed,  and  difiiifed 
through  a fpace  much  larger  than  the  whole  box.  Thus 
every  hole  will  afford  a new  feene  ; and  according  to 
the  different  angles  the  mirrors  make  with  each  other, 
the  reprefentations  will  be  different : it  they  be  at  an 
angle  greater  than  a right  one,  the  images  will  be  mon- 
ftrous,  dec. 

To  make  a Catoptric  Cijlida  to  reprefent  the  ohjeBs 
within  it  prodigioujly  multiplied^  and  difufed  through 
a vajl  fpace. 

Make  a polygonous  ciftula  or  box,  as  before,  but 
wnthout  dividing  the  inner  cavity  into  any  apartments, 
or  cells  ; line  the  infides  CBHI,  BHLA,  AEMF,  &c, 
with  plane  mirrors,  and  at  the  holes  pare  off  the  tin  and 
quickfilver,  to  look  through  ; place  any  objedl  in  the 
bottom  MI,  as  a bird  in  a cage,  &c. 

Now  by  looking  through  the  aperture  hl^  each  ob- 
jefl  placed  at  the  bottom  will  be  feen  valtly  multiplied, 
and  the  images  removed  at  equal  diftances  from  one 
another,  like  a great  multitude  of  birds,  or  a large 
aviary. 

CAVALIER,  in  Fortification,  a mount  of  earth 
raifed  in  a fortreis  higher  than  the  other  works,  on 
which  to  place  cannon  &c  for  fcouring  the  field,  or 
oppofing  a commanding  work.  Cavaliers  are  of  dif- 
ferent ihapes  ; and  are  bordered  with  a parapet,  to  cover 
the  cannon  mounted  upon  them  ; their  fituation  is  alio 
various,  either  in  the  curtain,  baffion,  or  gorge.  The 
cavalier  is  fometimes  called  a double  baffion,  and  its 
life  is  to  overlook  the  enemy’s  batteries,  and  to  fcour 
their  trenches. 

CAVALIERI  (Bonaventura),  an  eminent  Ita- 
lian mathematician  in  the  lytli  century.  He  was  a na- 
tive of  Milan,  and  a friar  of  the  order  of  the  Jefuati 
of  St.  Jerome.  Cavalieri  was  a difciple  of  Galileo,  and 
the  friend  of  Torricelli.  He  was  a yery  erniaent  ma- 
thematician, and  was  profeffor  of  that  fcience  at  Bo- 
logna ; where  feveral  of  his  books  were  publiffied,  and 
where  he  died  in  the  year  1647.  His  works  that  haye 
been  publilhed,  as  far  as  I can  find,  are  as  follow: 

l.  DtreBorium  Generate  Uranofnetricuni  ; Bononia^ 
3632. — In  this  work  the  author  treats  of  Trigonomc: 
try  ; and  Logarithms,  their  conftruftion,  ufes,  and  ap- 
plications. ff'he  work  includes  alfo  tables  of  logarithm* 
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of  common  numbers  ; with  trigonometrical  tables,  of 
natiu  al  fines,  and  logarithmic  fines,  tangents,  fecants  and 
verfed  fines. 

2.  L,o  Spschio  -UJIor’to  overo  “Trailato  delle  Sdtloni 

Coniche  : Bologna,  1632. — An  ingenious  treatife  of 

c-onic  feftions. 

3.  Geornetria  Ind'ionfihllihvs  contimiorum  fwva  qnadam 
rcticne  promnta  : dio,  Bononla,  1635  ; and  a 2d  edition 
in  i653.< — This  is  a curious  original  work  in  geometry, 
in  which  the  author  conceives  the  geometrical  figures 
as  refolved  into  their  very  fmall  elements,  or  as  made 
up  of  an  infinite  number  of  infinitely  fmall  parts,  and 
on  account  of  which  he  pafies  in  Italy  for  the  inventor 
of  the  iniinitcfimal  calculus. 

4.  Ty-igonometria  Plana  ip  Sph£r:ra,  laneans,  iP 
Logat'hhtnica  : /Lto,  Bononuv,  1643. — A very  neat  and 
ingenious  treatiic  on  Trigonometry  ; with  the  tables  of 
fines,  tangents,  and  fecants,  both  natural  and  logarith- 
mical. 

3.  Exeratalinncs  Geometne-.?  Sex  : 4/c,  B ononis ^ 1^47- 
Tliis  work  contains  Exercifes  on  the  method  of  Indivi- 
fibles  ; Anfwers  to  the  objeflions  of  Guldini ; The  ufe 
of  Indivifibles  in  cofTic  powers  or  algebra,  and  in  confi- 
derations  about  gravity  ; with  a mifcellaneous  coileclion 
of  problems. 

CAUDA  Caprlccrtu,  a fixed  fiar  of  the  4th  magni- 
tude, in  the  tail  of  Capricorn  ; called  alfo  by  the  Arabs, 
Dineb  Algedi ; and  marked  y by  Bayer. 

Cauda  Ccti,  a fixed  fiar  of  the  3d  magnitude  ; called 
alfo  by  the  Arabs,  Diiieb  Kaetos ; marked  ^ by 
Bayer. 

Cauda  Cygnt,  a fixed  fiar  of  the  2d  magnitude  in 
the  Swan’s  tail ; called  by  the  Arabs,  Dineb  Adigege, 
or  Eklcgiagich  ; and  marked  a by  Bayer. 

Cauda  Delphlnl,  a fixed  fiar  of  the  3d  magnitude, 
in  the  tail  of  tlie  Dolphin  ; marked  i by  Bayer. 

Cauda  Draconic,  or  Dragon’s  tail,  the  moon’s 
fwithern  or  defeending  node. 

Cauda  Lecnis,  a fixed  fiar  cf  the  firfi  mafrnitude  in 
the  Lion’s  tail ; called  alfo  by  the  Arabs,  14ineb 
Eleced  ; and  marked  ^ by  Bayer.  It  is  called  alfo  Lu- 
cida  Cauda. 

Cauda  Urfa  Majorls,  a fixed  fiar  of  the  3d  magni- 
tude, in  the  tip  of  the  Great  Bear’s  tail ; called  alfo  by 
the  Arabs,  Alalioth,  and  Bcnenath  ; and  marked  >3  by 
Bayer. 

Cauda  Urfx  Mirons,  a fixed  fiar  of  the  3d  magni- 
tude, at  the  end  of  the  Eefier  Bear’s  tail ; called  alfo 
the  Pole  Star,  and  by  the  Arabs,  Alrukabah  ; and 
marked  u by  Bayer. 

CAVETTO,  a hollow  member  or  moulding,  con- 
taining a quadrant  of  a circle,  and  having  an  efieefi  jufi 
contrary  to  that  of  a quarter  round.  It  is  ufed  as  an 
ornament  in  cornices. 

CAE^STIC  Curves.  See  Catacaujlics,  and  D'ta~ 
{audios. 

CAZEMATE.  See  Casemate. 

CAZEPvN.  .See  Casern. 

CEGI?'IUS,  a fixed  fiar  of  the  3d  magnitude,  in  the 
left  fiioulder  of  Bootes  ; and  marked  y by  Bayer. 

CEJ^ERITY,  is  the  velocity  or  fwiftnefs  of  a body 
in  motion  ; or  that  affedlion  of  a body  in  motion  by 
v/hich  it  can  pafs  over  a certain  fpace  in  a certain 
time. 


CELESTIAL  Globe,  &c.  Sec  Globe,  &c. 

CELLARIUS  (Christopher),  a learned  geo- 
grapher and  hifioriographer  of  the  17th  centurj'.  He 
was  born  in  1638,  at  Smalcalde  in  B'ranconia,  where  his 
lather  was  niiuifier.  Our  author  was  fuccefiively  redlor 
of  the  colleges  at  Wevmar,  Zeits,  and  Merfbourg,  and 
proieflbr  of  eloquence  and  hifiory  in  the  univerfity 
founded  by  the  king  of  Priifiia  at  Hall  in  1693,  where 
he  compofed  the  greatefi  of  his  works. 

His  great  application  to  finely  hafiened  the  infirmi- 
ties of  old  age  ; for  it  has  been  faid,  he  would  fpend  ' 
whole  days  and  nights  together  over  his  books,  with- 
out any  attention  to  his  health,  or  even  the  calls  of  na- 
ture. He  died  in  1707,  at  69  years  of  age. 

Cellar  was  author  of  an  amazing  number  of  hooks, 
upon  various  fuhjedls;  but  thofe  on  account  of  which  he 
has  a place  here,  are  his  geographical  works,  which  arc 
as  follow  : 

1.  Notiila  Of  his  Pniiqni,  2 vols  in  410  ; and  is  eftccm' 
ed  the  bell  work  extant  on  the  ancient  geography. 

2.  Btlas  Ca'lejlis  ; in  folio. 

3.  liijloria  Antiqua,  2 vols  in  i2mo;  being  an  abridge- 
ment of  univerfal  liiiGiy. 

CENTAURUS,  tbe  Centaur,  one  of  the  48  old 
corifiellations,  being  a fouthern  one,  and  is  in  form  half 
man  and  half  hoide.  It  is  fabled  by  the  Greeks  that  it 
was  Chiron  the  Centaur,  wlio  was  the  tutor  of  Achilles 
and  Efculapius.  The  fiars  of  this  conftellation  are, 
in  Ptolomy’s  catalogue  37,  in  Tycho’s  4,  and  in  the 
Britannic  catalogue,  with  Sharp’s  appendix,  35. 
CENTER.  See  Centre. 

CENTESM,  the  1 00th  part  of  any  thing. 

CENTRA!.,  fomething  relating  to  a centre.  Thus 
we  fay  central  eclipfe,  central  forces,  central  rule,  &c. 

Central  Eclipfe,  is  when  the  centres  of  the  lumi- 
naries exaclly  coincide,  and  come  in  a line  with  the  eye. 

CentPxAl  Forces,  are  forces  having  a tendency  dt- 
reftly  towards  or  from  fome  point  or  centre  ; or  forces 
which  caufe  a moving  body  to  tend  towards,  or  recede 
from,  the  centre  of  motion.  And  accordingly  they  are, 
divided  into  two  kinds,  in  refpedl  to  their  different  re- 
lations to  the  centre,  and  hence  are  called  centripetal, 
and  centrifugal. 

The  doctrine  of  central  forces  makes  a confiderable 
branch  of  the  Newtonian  philofophy,  and  has  been 
greatly  cultivated  by  mathematicians,  on  account  of  its 
extenfive  ule  in  the  theory  of  gravity,  and  other  phyfi- 
co-mathemcTical  Iciences. 

In  this  doftrine,  it  is  fuppofed  that  matter  is  equally 
indifferent  to  motion  or  reil  ; or  that  a body  at  refi, 
never  moves  itfelf,  and  that  a body  in  motion  never  of 
itfelf  changes  either  the  velocity  or  the  diredfion  of  its 
motion  ; but  that  every  motion  would  continue  uni- 
formly, and  its  direction  redlilinear,  unlefs  fome  exter- 
nal force  or  refiftance  fiiould  affedt  it,  or  adl  upon  it. 
Hence,  when  a body  at  reft  always  tends  to  move,  or 
when  the  velocity  of  any  redtilinear  motion  is  continu- 
ally accelerated  or  retarded,  or  when  the  diredtion  of  a 
motion  is  continually  changed,  and  a curve  line  is  there- 
by deferibed,  it  is  fuppofed  that  thefe  circumftances 
proceed  from  the  influence  of  fome  povrer  that  aefs  in- 
cefiantly ; which  power  may  be  mcafured,  in  the  firfi: 
cafe,  by  the  preffiire  of  the  quiefeent  body  againft  the 
obftacle  which  prevents  it  from  moving,  or  by  tlie  ve- 
L 1 2 locity 
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I^icitv  gamed  or  loft  in  the  fccond  cafe,  or  By  the  Sexiire 


clue  regard  being 


ot  the  curve  defcribed  in  the  aid  cale 
had  to  the  time  in  which  tlieie  effects  are  produced,  and 
other  circumilaiices,  according  to  the  principles  of  me- 
chanics, Now  the  power  or  force  of  gravity  produces 
efiedfs  of  each  of  thefe  kinds,  which  fall  under  our  con- 
flant  obfervation  near  the  furface  of  the  earth  ; for  the 
fame  power  winch  renders  bodies  heavy,  while  they  are 
at  reil,  accelerates  their  motion  when  they  defcend 
perpendicularly  ; and  bends  the  track  of  the  motion  into 
a curve  line,  when  they  are  projedted  in  a diredtion 
oblique  to  that  of  their  gravity.  But  we  can  Judge  of 
the  forces  or  powers  that  adl  on  the  celellial  bodies  by 
effedfs  of  the  lall  kind  only.  And  hence  it  is,  that  the 
dodf  rine  of  central  forces  is  of  fo  much  ufe  in  the  theory 
of  the  planetary  motions. 

Sir  1.  Newton  has  treated  of  central  forces  in  lib. 
1 fee.  2 of  his  Principia,  and  has  demonftrated  this  fun- 
damental theorem  of  central  forces,  viz,  that  the  areas 
which  revolving  bodies  deferibe  by  radii  drawn  to  an  im- 
moveable centre,  lie  in  the  fame  immoveable  planes,  and 
are  proportional  to  the  times  in  which  they  are  deferib- 
cd.  Prop.  I . 

It  is  remarked  by  a late  eminent  mathematician,  that 
this  law,  which  was  originally  obferved  by  Kepler,  is 
the  only  general  principle  in  the  dodtrine  of  centripetal 
forces  ; but  fince  this  law,  as  Newton  himfelf  has  proved, 
cannot  hold  in  cafes  where  a body  has  a tendency  to  any 
other  than  one  and  the  fame  point,  there  feems  to  be 
wanting  fome  law  that  may  ferve  to  explain  the  mo- 
tions of  the  moon  and  fatellites  which  gravitate  towards 
two  different  centres : the  law  he  lays  down  for  this 
pLirpofe  is,  That  when  a body  is  urged  by  two  forces 
tending  conftantly  to  two  fixed  points,  it  will  deferibe, 
by  lines  drawn  from  the  two  fixed  points,  equal  folids 
in  equal  times,  about  the  line  joining  thofe  fixed  points. 
See  Machin,  on  the  Laws  of  the  Moon’s  Motion,  in 
the  Pofllcnpt.  See  alfo  a demonflration  of  this  law 
by  Mr.  William  Jones,  in  the  Philof.  Tranl.  vol.  59. 
Very  learned  tradfs  have  alfo  been  fmee  given,  when  the 
motion  refpedts,  not  tv/o  only,  but  feveral  centres,  by 
many  ingenious  authors,  and  pradticai  rules  deduced 
from  them  for  computing  the  places  &c  of  planets  and 
fatellites  ; as  by  La  Grange,  P)e  la  Place,  Waring,  &c, 
&c.  See  Berlin  Memoirs  ; thofe  of  the  Academy  of 
Sciences  at  Paris;  and  the  Philof,  Tranf.  of  London. 

M.  Ii)e  Moivre  gave  elegant  geneial  theorems  relat- 
ing to  central  forces,  in  the  Philof.  Tranf.  a.nd  in  his 
Mifcel.  Analyt.  pa.  231.' — Let  MPQ^  be  any  given 
carve,  in  which  a body  moves : let  P be  the  place  of 
the  body  at  any  time  ; S the  centre  of  force,  or  the 
point  to  which  the  central  force  adling  on  the  body  is 
always  diredled  ; PG  the  radius  of  curvature  at  the 
point  P ; and  ST  perpendicular  to  the  tangent  PT  ; 
then  will  the  centripetal  force  be  everywhere  proper- 

SP 

tional  to  the  quantity  77— -7777.  Vid.  ut.  fupra* . 
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M,  Varignon  has  alfo  given  two  general  theoremm 
on  this  fubjedt  in  the  Memoirs  of  the  Acad.  an.  1700, 
1701  ; and  has  Ihewn  their  application  to  the  motions 
of  the  planets.  See  alfo  the  fame  Memoirs,  an.  1706, 
1710.  ^ 

Mr.  MacLaurin  has  alfo  treated  the  fubjedf  of  cen- 
tral forces  very  ably  and  fully,  in  his  'Preatife  on 
Llaxions,  art.  416  to  493  ; where  he  gives  a great  va- 
riety of  expreiPions  for  thefe  forces,  and  ievcral  elegant 
methods  of  inveftigatiiig  them. 

JLaws  ^Central  Forces. 

I.  The  following  is  a very  clear  and  comprehenfive 
rule,  for  which  we  are  obliged  to  the  marquis  de  I’Ho- 
pital : Suppofe  a body  of  any  determinate  weight  to 
revolve  uniiormly  about  a centre,  v/ith  any  given  velo- 
city ; find  from  what  height  it  muft  have  fallen,  by  the 
force  of  gravity,  to  acquire  that  velocity  ; then,  as  the 
radius  of  the  circle  it  deferibes  is  to  double  that  height,, 
fo  is  its  weight  to  its  centrifugal  force.  So  that,  if  b 
be  the  body,  or  its  weight  or  quantity  of  matter,  ^ its 
velocity,  and  r the  radius  of  the  circle  defcribed,,  alfo 


g ==16/2  feet;  then,  firft  4^®  : tj* 
height  due  to  the  velocity  h)  ; and  as 
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f the  centrifugal  force.  And 

2v  2yr 

hence,  if  the  centrifugal  force  be  equal  to  the  gravity, 
the  velocity  is  equal  to  that  acquired  by  falling  througli 
half  the  radius. 

2.  The  central  force  of  a body  moving  in  the  peri- 
phery of  a circle,  is  as  the  verfed  fine  AM  of  the  inde- 
finitely fmall  arc  AE ; or  it  is  as  the  fquare  of  that 
arc  AE  diredtly,  and  as  the  diameter  AB  inverfelyu 
For  AM  is  the  (pace  through  which  the  body  is  drawn 
from  the  tangent  in  the  given  time,  and  2AM  is  the 
proper  meafure  of  the  central  force.  But,  AE  being 
very  fmall,  and  therefore  nearly  equal  to  its  chord,  byy 
the  nature  of  the  circle 

AE^ 

AB  : AE  : : AE  : AM  — 


3.  If  two  bodies  revolve  uniformly  in  different  cir- 
cles ; their  central  forces  are  in  the  duplicate  ratio  of 
their  velocities  diredtly,  and  the  diameters  or  radii  of 
the  circles  inverfely  ; 

that  is  F.  i f : - * ~~r  • • "W  • — 

For  tne  force,  by  the  kll  article,  is  as  . 
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or  - : and  the  velocity  v is  as  the  fpace  AE 

AB  JL)  ^ 

uniformly  defcribecl. 

4.  And  hence,  if  the  radii  or  diameters  be  reciprocally 
in  tlie  duplicate  ratio  of  the  velocities,  the  central  forces 
will  be  reciprocally  in  the  duplicate  ratio  of  the  radii,  or 
diredfly  as  the  4th  power  of  the  velocities  ; that  is,  if 
: K.,  then  F : 

The  central  forces  are  as  the  diameters  of  the 
circles  direftly,  and  fquares  of  the  periodic  times  inverfe- 
ly.  For  if  c be  the  circumference  defcribed  in  the  time 
/,  with  the  velocity  v ; then  the  Ipace  c ~ iv,  or 

hence,  ufing  this  value  of  “u  in  the  3J  rule^ 


it  becomes 

F : 
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feet,  It  will  be  \/.  2gr  ; zcr  : : 1 


revolving  about  the  earth  at  the  diflance  of  60  femi-^ 
diameters  ; then  R = 6or,  and  the  above  expreflions  ’ 
become  V = 26000^-^^  = 3357  feet  per  fecond,  or 

38^  miles  per  minute,  for  the  velocity  of  the  moon  in 

R3  = 

her  orbit-;  and  T = 5078-/—  = 2360051  feconds  > 

or  2 7j^g-  days  nearly, .for  the  periodic  time  of  the  moon 
in  her  orbit  at  that  dillance. 

Thus  alfo  the  ratio  of  the  forces  of  gravitation  of 
the  moon  towards  the  fun  and  earth  may  be  eftimated.- 
For,  I year  or  365' d days  being  the  periodic  time  o£ 
the  earth  and  moo  n about  the  fun,  and  27  ^^^  days  the  pe- 
riodic time  of  the  moon  about  the  earth,  alfo  60  being 
the  dillance  ot  the  moon  from  the  earth,  and  23920  > 
the  dillance  from  the  fun,  - in  femidiameters  of  the 
earth,,  by  art.  3 it  is  > 


T^ 

the  diameter  is  as  the  circumference. 

6.  If  two  bodies,  revoKnng  in  different  circles,  be 
afled  on  by  the  fame  central  force  the  perrodic  times 
are  in  the  fubduplicate  ratio  of  the  diameters  or  radii 

of  the  circles  ; for  when  F = /*,  then  ttt-  — — > 

D : r/  ; : T^  : /*,  or  T ; / ; : a/D  : ^/r/  : : .y/R  : 3//-. 

7.  If  the  velocities  be  reciprocally  as  the  dillances 

from  the  centre,  the  central  forces  will  be  reciprocally', 
as  the  cubes  of  the  fame  dillances,  or  diredlly  as  the 
cubes  of  the  velocities.  That  is,  if  V : 1;  \ \ r ; R, 
then  is  F : R3  : ; 

8.  If  the  velocities  be  reciprocally  in  the  fubdupli-- 
cate  ratio  of  the  central  dillances,  the  fquares  of  the 
times  will  be  as  the  .cubes  of  the  dillances : for  if 

: 1;^  : : : R,  then  is  T^  : ; r^. 

g. . Wherefore,  if  the  forces  he  rfci{)rocally  as  the 
fquares  of  the  central  dillances,  the  fquares  of  the  pe- 
riodic times  will  be  as  the  cubes  of  the  dillances;  or 
when  F : / : : : R“,  then  is  T"  \ V-  : R.3  : 

Exam.  From  this,  and  fome  of  the  foregoing  theo- 
rems, may  be  deduced  the  velocity  and  periodic  time 
of  a body  revolving  in  a circle,  at  any  given  dillance 
from  the  earth’s  centre,  by  means  of  its  own  gravity. 
Put  ^ — 1 6 feet,  the  fpace  defcribed  by  gravity,  at 
the  furface,  in  the  firfl  fecond  of  time,  viz  AM  in 
the  foregoing  fig.  and  by  rule  2 ; then,  putting  r — the 

radius  AC  ; it  is  AE  = a/ AB  x AM  = F 
velocity  in  a circle  at  its  furface,  in  one  fecond  of  time; 
and  hence,  putting  c = 3‘i4i59  &c,  the  circumference 
of  the  earth  being  icr  ~ 25,000  miles,  or  132,000,000 

" : csF'  — = 5078  fe- 

. F . 

conds  nearly,  or  P*  24*^  38%  the  periodic  time  at  tlie 

circumference  : Alfo  the  velocity  there,  or  y/ igr  is 
==  260GO  feet  per  fecond  nearly.  Then,  fince  the 
force  of  gravity  varies  in  the  inverfe  duplicate  ratio  of 
the  dillance,  by  rules  8 and  9,  it  is  >y/R  : : : v or 

260CO  : 26ocOy^—  ==  V the  velocity  of  a body  re- 
volving about  the  earth  at  the. dillance  R ; and  : 

R3 

,y'R3  : : / or  5078'' : 5078  ^ — T the  time  of  re- 
volution in  the  fame,  Saif,  for  inftance,  it  be  the  moon 


60 


^7.3 


2 . 


23920  ^ 23902 

: : /or  l : X 


365-2. 


60 


365*25^ 


= 2 


that  is,  the  proportion  of  the  moon’s  gravitation  to-- 
wards  the  fun,  is  to  that  towards  the  earth,  as  2-|  to  I 
nearly. 

Again,  Ave  may  hence  compute  the  centrifugal  force 
of  a bod)'  at  the  equator,  arlfmg  from  the  earth’s  rota- 
tion. For,  the  periodic  time  when  the  centrifugal 
force  is  equal  to  the  force  of  gravity,  it  has  been  Ihewn  • 
above,  is  5078  fcconds,  and  23  hours,  56  minutes,  or 
86160  feconds,  is  the  period  ol  the  earth’s  rotation  on 
Its  axis;  therefore,  by  art.  5,  as  86160^  : 5078^  : : i 
: the  centrifugal  force  required,  which  therefore 

is  the  289th  part  of  gravity'  at  the  earth’s  furface* 
Simpfon’s  Flux,  pa.  240,  &c. 

Alfo  for  another  example,  fnppofe  A to  be  a ball  of 

1 ounce,  which  is  wliirled  about  the  centre  C,  fo  as  to 
delcribe  the  circle  ABE,  each  revolution  being  made  in 
half  a fecond  ; and  the  length  of  the  cord  AC  equal  to 

2 feet.  Here  then  / = r = 2;  and  it  having  been 

2R 

found  above  that  c\^  — = T is  the  periodic  time  at 

or  ^ 

the  circumference -of  the  earth  when  the  centrifugal  force 
is  equal  to  gravity  ; hence  then,  by  art.  5,  as 

— : F-or  i : / which  proportion  becomes 

r 2c"r  1 6c^  i6x^‘J4*6“' 

— : : I : — ^ = = /-—t _ 9*8 lo 


2C^ 


1 6-/ 


= the  centrifugal  force,  or  tliat  by  which  the  firing 
is  llretched,  viz,  nearly  10  ounces,  or  10  times  the 
weight  of  the  ball, 

Lallly,  fnppofe  the  firing  and  ball  be  fufpended  from  ■ 
a point  D,  and  deferibes  in  its  motion  a conical  futfacc 
ADB  ; then  putting  DC  = AC  = r,  and  AD  —/j; 
and  putting  F = i the  force  of  gravity  as  before  ; then 
will  the  body  A be  adedled  by  three  forces,  viz,  gravity 
a£ling  parallel  to  DC,  a centrifugal  force  in  the  direflioii 
CA,  and  the  tenfion  of  the  firing,  or  force  by  which 
it  is  llretched,  in  the  direcllori  DA  ; hence  thefe  tiiree 
powers  will  be  as  the  three  Tides  of  the  triangle  ADC 
rcfpeclively,  and  therefore  as  CD  or  a : AD  or  /j  : : 1 : 

- the  tendon  of  the  firing  as  compared  with  the  weight 


a 


of  the  body,.  Alfo  CD  or  a : AC  or  r : : i 


2t*r 


the 


gcgeral  exprcfiion  for  the  centrifugal  force  above-found; 

henee 
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l.ence,  sflz=  zac'^  and  fo  t—  c^-  r:  viod^''a  =z  the 
periodic  time.  Aad 


10,  hen  the  force  hy  which  a body  is  urged  to- 
wards a point  is  not  always  the  fame,  but  is  either  in- 
creafed  or  decreafed  as  iome  power  of  the  di (lance  ; 
feveral  curves  will  thence  arife  according  to  that  power. 
If  the  force  decreafe  as  the  fquares  of  the  didances 
increafe,  ^ the  body  will  deferibe  an  elliplis,  and  the 
force  is  diredled  towards  one  of  its  foci ; fo  that  in  every 
revolution  the  body  once  approaches  towards  it,  and 
once  recedes  from  it  i alfo  the  eccentricity  of  the  el- 
lipfe  is  greater  or  lefs,  according  to  the  projedlile  force ; 
and  the  curve  may  fometimes  become  a circle,  when  the 
eccentricity  is  nothing  ; the  body  may  alfo  deferibe  the 
other  two  conic  fedlions,  the  parabola  and  hyperbola, 
which  do  not  return  into  themfelves,  by  fuppofing  the 
velocity  greater  in  certain  proportions.  Alfo  if  theforce 
increafe  in  the  fimple  ratio  as  the  diftance  increafes,  the 
body  will  dill  deferibe  an  ellipfe  j but  the  force  will  in 
this  cafe  be  diredled  to  the  centre  of  the  ellipfe ; and 
the  body,  in  each  reyolution,  will  twice  approach  to- 
wards it,  and  again  twice  recede  from  that  point. 

Central  Rule,  is  a rule  or  method  difeovered  by 
Mr.  Thomas  Baker,  rcdlor  of  Nympton  in  Devonfhire, 
which  he  publifhed  in  his  Geometrical  Key,  in  the  year 
1684,  for  determining  the  centre  of  a circle  which  (hall 
cut  a given  parabola  in  as  many  points  as  a given  equa- 
tion, to  be  condrudled,  has  real  roots;  which  he  has 
applied  with  good  fuccefs  in  the  conftrudion  of  all  equa- 
tions as  far  as  the  4th  power  inclufive. 

The  Central  Rule  Is  chiefly  founded  on  this  property 
of  the  parabola ; that  if  a line  be  inferibed  in  the  curve 
perpendicular  to  any  diameter,  the  redangle  of  the 
legments  of  this  line,  is  equal  to  the  redangie  of  the 
intercepted  part  of  the  diameter  and  the  parameter  of 
the  axis. 

7^he  Central  Rule  has  the  advantage  over  the  methods 
ofeonftruding  equations  by  Des Cartes  and  DeLatteres, 
which  are  liable  to  the  trouble  of  prepaiing  the  equa- 
tions by  taking  away  the  fecond  term  ; whereas  Baker’s 
method  effedls  th:  fame  thing  without  anv  previous  pre- 
paration whatever.  See  alfo  Philof,  Tranf.  N®  u 7, 

CLNTRF,  or  Center,  in  a general  fenfe,  fignifles 
a point  equally  remote  from  the  extremes  of  a line, 
plane,  or  folld  ; or  a middle  point  dividing  them  fo  that 
fome  certain  effeds  are  equal  on  all  Tides  of  it. 

Centre  of  Atlraclwn^  or  Gravitation^  is  the  point  to 
which  bodies  tend  by  gravity ; or  that  point  to  which 


a revolving  planet  or  comet  is  impelled  or  attraded,  by 
the  force  or  impetus  of  gravitv. 

Centre  oj  a Bcjliouy  is  a point  in  the  middle  of 
the  gorge,  where  the  capital  line  commences,  and  which 
is  ufually  at  the  angle  of  the  inner  polv'gon  of  the 
figure.  Or  it  is  the  point  where  the  tVv'o  adjacent  cur- 
tains produced  interfed  each  or.hti . 

Centre  oJ  a Circle^  is  the  pon  t in  the  middle  of  a 
ciicle,  or  circular  figure,  from  which  ah  lines  drawn  to 
the  circumference  are  equal. 

Centre  oj'  u Conic  S Hiony  is  the  middle  point  of  any 
diametei , or  the  point  in  winch  a,il  the  diameteis  inter- 
fed and  bifed  one  another. 

In  the  ellipfe  the  centre  is  within  the  figure ; but  in 
the  hypetbola  it  is  wuthout,  or  betw,eii  the  con|ugatc 
hyperbolas;  and  in  the  parabola  it  is  at  an  infinite*  dif- 
tance from  the  vertex. 

Centre  of  Conv'srfiony  in  Mechanics,  a term  firfi 
ufed  by  M.  Parent,  and  may  be  thus  conceived  : Sup- 
pofe  a flick  laid  on  ilagnairt  water,  and  then  drawn  by 
a thiead  faflenedto  it,  fo  teat  the  thread  always  makes 
the  fame  angle  with  the  flick,  eittier  a right  angle  or 
any  other  ; then  it  will  be  found  that  the  flicR  will  turn 
about  one  point  of  it,  which  will  be  immoveable  ; and 
this  point  is  termed  the  centre  of  converfion. 

1 his  efFed  arifes  from  the  refiflance  of  the  fluid  to 
the  flick  partly  immerfed  in  it.  And  if,  inftead  of  the 
body  thus  floating  on  a fluid,  the  fame  be  conceived  to 
be  laid  on  the  furface  of  another  body;  then  the  re- 
fiflance of  this  plane  to  the  flick  will  always  have  the 
fame  effed,  and  will  determine  the  fame  centre  of  con- 
verfion. And  this  refiilance  is  preclfely  what  Is  called 
fridion,  fo  prejudicial  to  the  effeds  of  machines. 

M.  Parent  has  determined  this  centre  in  fome  certain 
cafes,  with  much  laborious  calculation.  When  the 
thread  is  faftened  to  the  extremity  of  the  flick,  he 
found  that  the  diflance  of  the  centre  from  this  extre- 
mity wmuld  be  nearly  of  the  whole  length.  But 
when  it  IS  a furface  or  a folid,  there  will  be  fome  change 
in  the  place  of  this  centre,  according  to  the  nature  of 

the  figine.  bee  Mem,  of  the  Acad,  of  Sciences,  vol,  1, 
pa.  191. 

Centre  of  a Cnrvcy  of  the  higher  kind,  Is  the  point 
where  two  diameters  meet.— When  all  the  diameters 
meet  in  the  fame  point,  it  is  called,  by  Sir  Ifaac  New- 
ton, the  general  centre. 

Centre  oj  a Didly  is  the  point  where  its  gnomon  or 
flile,  which  is  placed  parallel  to  the  axis  of  the  earth, 
meets  the  plane  of  the  dial  ; and  from  hence  all  the 
hour-lines  are  drawn,  in  inch  dials  as  have  centres,  viz, 
all  except  that  whofe  plane  is  parallel  to  the  axis  of  the 
world  ; all  the  hour-lines  of  which  are  parallel  to  the 
flue,  and  to  one  another,  the  centre  being  as  it  were  at 
an  infinite  diflance. 

Centre  of  an  dllpfey  is  the  middle  of  any  diameter, 
or  the  point  where  ail  the  diameters  intei  fed. 

Centre  of  the  Equant^  in  the  Old  Aftronomy,  is  a 
point  in  the  line  of  the  aphelion  ; being  as  far  dillant 
from  the  centre  of  the  eccentric,  towards  the  aphelion, 
as  the  fun  is  from  the  fame  centre  of  the  eccentric  to- 
wards the  perihelion. 

Centre  of  Kquiltlrlttniy  is  the  fame  with  refped  to 
bodies  immerfed  in  a fluid,  as  the  centre  of  gravity  is 
to  bodies  in  free  fpace  ; being  a certain  point,  upon 

which 
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wTiIch  iF  the  "body  or  bsdies  be  fufpended,  they  will  reft 
in  any  polition.  To  determine  this  centre,  fee  Emmer- 
fon’s  Mechanics,  prop.  92,  pa.  134. 

Centre  of  Frinion^  is  that  point  in  the  bafe  of  a 
body  on  which  it  revolves,  into  which  if  the  whole  fur- 
face  of  the  bafe,  and  the  mafs  of  the  body  were  collected, 
and  made  to  revolve  about  the  centre  of  tlie  bale  of  the 
given  body,  the  angular  velocity  deflroyed  by  its  fric- 
tion would  be  equal  to  the  angular  velocity  dellroycd 
in  the  given  body  by  its  fridtion  m the  fame  time, — See 
Vince  on  the  Motion  of  Bodies  alFej^ed  by  fiidtion,  in 
the  Philof.  Tranf.  I'Sy. 

Centre  of  Gr^z-x;//)’,  is  that  point  about  which  all 
the  parts  of  a body  do  in  any  fituation  exaftly  balance 
each  other.  Hence,  by  means  of  this  property,  if  the 
body  be  fupported  or  fufpended  by  this  point,  the  body 
vvill  reft  in  any  pofition  into  which  it  is  put;  as  alfo 
that  if  a plane  pafs  through  the  fame  point,  the  feg- 
ments  on  each  fide  will  equiponderate,  neither  of  them 
being  able  to  move  the  other. 

The  whole  gravity,  or  the  whole  matter,  of  a body 
may  be  conceived  united  in  the  centre  of  gravity  ; and 
in  demonftrations  it  is  ufual  to  conceive  all  the  matter 
as  really  colledled  in  that  point. 

Through  the  centre  of  gravity  paffes  a right  line, 
called  the  diamcler  of  gravity  ; and  therefore  the  intcr- 
fetlion  of  two  fucli  diameters  determines  the  centre. 
Alfo  the  plane  upon  which  the  centre  of  gravity  is 
placed,  is  called  the  plane  of  gravity  ; fo  that  the  com- 
mon interfeftion  of  two  fuch  planes  determines  the  di- 
ameter of  gravity. 

In  homogeneai  bodies,  which  may  be  divided  length- 
ways into  limilar  and  equal  parts,  the  centre  of  gravity 
is  the  fame  with  the  centre  of  magnitude.  Hence 
tlrerefore  the  centre  of  gravity  of  a line  is  in  the  middle 
point  of  it,  or  that  point  which  bifedls  the  line.  Alfo 
the  centre  of  gravity  ol  a parallelogram,  or  cylinder, 
or  any  prifm  whatever,  is  in  the  middle  point  of  the 
axis.  And  the  centre  of  gravity  of  a circle  or  any 
regular  figure,  is  the  fame  as  the  centre  of  magnitude. 

Alfo,  if  a line  can  be  fo  drawn  as  to  divide  a plane 
into  equal  and  frmilar  parts,  that  line  will  be  a diameter 
of  gravity,  or  will  pals  through  the  centre  of  gravity; 
and  it  is  the  fame  as  the  axis  of  the  plane.  Thus  the 
Ihie  drawn  from  the  vertex  and  perpendicular  to  the 
bafe  of  the  ifofcelcs  triangle,  is  a diameter  of  gravity  ; 
and  thus  alfo  thea.xis  of  an  elllpfe,  or  a parabola,  ^cc, 
is  a diameter  of  gravity.  The  centre  of  gravity  of  a 
fegment  or  arc  of  a circle,  is  in  the  radius  or  line  per- 
pendicularly bife(fting  i:s  chord  or  bafe. 

Likevvife,  if  a plane  divide  a folld  in  the  fame  manner, 

' making  the  parts  on  both  Tides  of  it  perfedlly  equal  and 
funilar  in  all  refpefts,  It  will  be  a plane  of  gravity,  or 
will  pafs  through  the  centre  of  gravity,  dduis,  as  the 
interfeftion  of  two  fuch  planes  determines  the  diameter 
of  gravity,  the  centre  of  gravity  of  a right  cone,  or 
fpherical  fegment,  or  conoid,  &c,  will  be  in  the  axis  of 
the  fame. 

Common  Centre  of  Gravity  of  two  or  more  bodies,  or 
. the  different  parts  of  the  fame  body,  is  fuch  a point  as 
that,  if  It  be  fulpended  or  fupported,  the  fyftem  of  bo- 
dies will  equiponderate,  and  reft  in  any  pofition.  Thus, 
the  point  of  fulpenfion  In  a common  balance  beam,  or 
^ieelyard,  is  the  centre  of  gravity  of  the  fame. 


Imws  and  Determination  of  the  Centre  of  Gravity, 

1.  In  two  equal  bodies,  or  maffes,  the  centre  of  gra- 
vity is  equally  diftaiit  from  their  two  refpeftivc  centres. 
For  thefe  are  as  two  equarwelghts  fufpended  at  equal 
dl (lances  from  the  point  of  fiifpenfion  ; in  which  cafe 
they  will  equiponderate,  and  reft  In  any  pofition. 

0 1 

2.  If  tlie  centres  of  gravity  of  two  bodies  A and  B 
be  conne6led  by  the  right  line  the  diftances  AO 
and  BC  from  the  common  centre  of  gravity  C,  are  re- 
ciprocally as  the  weights  or  bodies  A and  B;  that  Is, 
AC  ; BC  ; : B : A. 

See  this  demonllrated  under  the  article  Balance. 

H ence,  if  the  weights  of  the  bodies  A and  B be 
equal,  their  common  centre  of  gravity  C will  be  in  the 
middle  of  the  right  line  AB,  as  in  the  foregoing  arti- 
cle. Alfo  fince  A ; B : ; BC  : AC,  therefore  A X AC 
= B X BC  ; whence  it  appears  that  the  powers  of 
equipcuiderating  bodies  are  to  be  eftimated  by  the  pro- 
du6l  of  the  mafs  multiplied  by  the  diftance  from  the 
centre  of  gravity  ; which  produtl  is  ufually  called  the 
momentum  of  the  weights. 

Further,  from  the  foregoing  proportion,  by  epmpofi- 
tion  it  will  be  A -p  B : A : : AB  ; BC,  or  A -b 
B : B ; : AB  : AC.  So  that  the  common  centre  of 
gravity  C of  two  bodies  will  be  found,  if  the  produ6t 
of  one  weight  by  the  whole  diftance  between  the  two, 
be  divided  by  the  fum  of  the  two  weights.  Suppofe, 
for  example,  that  A = 12  pounds,  B = qlb,  and 
AB  = 36  Inches;  then  16  : 12  ::  36  ; 27  = BC, 
and  confequently  AC  = 9,  the  two  diftances  from  the 
common  centre  of  gravity. 
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3.  The  Common  Centre  of  Gravity  of  three  or  more 
given  bodies  or  points  xA,  B,  C,  D,  &c,  will  be  thus  de- 
termined.— If  the  given  bodies  lie  all  in  the  fame  ftraight 
line  AD  ; by  the  laft  article,  find  P the  centre  of  gra- 
vity of  the  two  A and  B,  and  Q^he  centre  of  gravity 
of  C and  D ; then,  confiderlng  P as  the  place  of  a 
body  equal  to  the  fum  of  A and  B,  and  k0as  the  place 
of  another  body  equal  to  both  C and  D,  find  S the 
common  centre  of  gravity  of  thefe  two  films,  viz  A -p  B 
coUedfted  In  P,  and  C 4-  D united  in  Qj  io  ftiall  S be 
the  common  centre  of  gravity  of  all  the  tour  bodies  A, 
B,  C,  D.  And  the  fame  for  any  other  number  of 
bodies,  always  confiderlng  the  ium  of  any  number  of 
them  as  united  or  placed  in  their  common  centre  of 
gravity,  when  found. 

O/hervoifCf  thus.  Take  the  diftances  of  the  given 
bodies  from  feme  fixed  point  as  V,  calling  the  diftance 
VA  = VB  = by  \C  =:  c,  VD  = dy  and  the  dl#- 
tance  of  the  centre  of  gravity  VS  x ; then  SA  — 
x — cjy  SB  = x — by  SC  = c — Xy  SD  =:  d—Xy  auB 


by  the  nature  of  the  lever  A*x~zz-f  B*x  — ^ = 
Cv  — X -p  D .V  ; hence  Ax  -P  Bx  + Cx  -p  Dx  = Arz HP 

BZ  + C.  + Drf,and..:=  ;A+B+C^D  = 
the  diftance  fought ; which  therefore  is  equal  to  the 
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r film  of  ail  the  moment^j  4ivlded  by  the  Turn  of  all  .the 
gilts  or  bodies. 


] 


C E N 


Or  thus.  When  the^bodles  arenotin  the  Tame  fimight 
line,  conneft  them  with  the  lines  AB,  CD  ; then,  as 


A- 


-B 


5.  Thus^i  in  a right  Tine  AB,  all  the  particles  which 
.compofe  it  may  be  eonfidered  as  fo  many  veiy  fmall 
-weights,  each  equal  to  which  is  therefore  the  fluxion 
•of  the  weights,  or  of  the  line  denoted  by  x.  So  that  the 
fmall  weight  k multiplied  by  itsdiftance  from  A,  viz  x, 
is  xk  the  momeiatum  of  that  weight  k ; that  is,  xk  is 
the  flnxioii  of  a^l  the  momenta  in  the  line  AB  or  x ; 
and  therefore  its  fluent  is  the  film  of  all  thofe  mo- 
•jTienta  ; which  being  divided  by  the  fum  of  all  the 


weights, 


gives  -^x  or  for  the  diflance  of 

^centre  of  gravity  C from  the  point  A ; that  is, 
.i:.en.tEe  Is  in  the  , middle  of  the  line. 

d B 


the 

the 


A 


C 


e 


B 


6.  Alfo  In  the  faralhlogram,  whofe  axis  or  length 
AB  = AT,  and  its  breadth  DE  ==  h ; drawing  eJe  paral- 
lel and  indefinitely  near  DE,  -the  areola  JDE^:  = bk 


will  be  the  fluxion  of  all  the  weights,  which  multipled 
by  its  difiance  x from  the  point  A,  gives  hxk  for  the 
fluxion  of  all  the  momenta,  and  coafequently  the  fluent 
^hx'^  is  the  fum  of  all  thofe  momenta  themfelves  ; which 
being  divided  by  hx  the  fum  of  all  the  weights, 
tab  for  the  difiance  of  the  centre  C 


;x 


from 


gives 


'before,  find  P the  common  centre  of  A and  B,  and 
■ O the  common  centre  of  C and  D ; then,  conceiving 
A and  B united  in  P,  and  C andD  united  in  Q,  find  S 
the  common  centre  of  P and  which  will  again  be 
the  centre  of  gravity  of  the  whole. 

Or  the  bodies  may  be  all  reduced  to  any  line  YAB 
A’c,  drawn  In  any  diredlion  whatever,  by  perpendiculars 
jBA,  CC,  &c,  and  then  the  common  centre  S In  this 
ine,  found  as  before,  will  be  at  the  fame  diftance  from 
’■V  as  the  true  centre  S Is  ; and  confequcntly  the  perpen- 
dicular from  5 will  pals  through  Sthe  real  centre. 

4.  From  the  foregoing  general  expreflion,  viz, 

Aa  + b/f  Cc  + &c  ^ ^ ^ 

= A + B + cl- &c  ’ 

•gravity  of  any  fyfiem  of  bodies,  may  be  derived  a ge- 
neral method  for  finding  that  centre  ; for  A,  B,  C,  &c,, 
may  be  eonfidered  as  the  elementary  parts  of  any  body, 
whofe  fum  or  mafs  isM=:A-|-B-|-C  &c,  and  Aa, 
lT>h,  Qc,  See,  are  the  feveral  momenta  of  all  thefe  parts, 
viz,  the  produdl  of  each  part  multiplied  by  its  diftance 
from  the  fixed  point  V.  Hence  then, in  any  body,  find 
a general  expreffion  for  the  fum  of  the  momenta,  and 
-divide  it  by  the  content  of  the  body,  fo  fiiali  the  quo- 
tient be  the  diftance  of  the  centre  of  gravity  from  the 
vertex,  or  from  any  other  fixed  point,  from  which  the 
i^nomenta  arc  efiimated. 


the 

extremity  at  A,  and  is  therefore  iu  the  middle  of  the 
axis,  as  is  known  from  other  principles. 

And  the  procefs  and  concliifion  will  be  exactly  the 
fame  for  a cylinder,  or  any  prifm  whatever,  making  l> 
to  denote  the  area  of  the  end  or  of  a tranfverfe  fecliors 
of  the  body. 


In  a Triangle  ABC 

o 


the  line  AD 


fi 


em 


one  angle  to  bifeft  the  oppofite  fide,  will  be  a diameter 
of  gravity,  or  will  pafs  through  the  centre  of  gravity; 
for  if  that  line  be  {upported,  or  conceived  to  be  laid 
upon  the  edge  of  fomething,  the  two  halves  of  the  tri- 
angle on  both  fides  of  that  line  wail  juft  balance  one 
another,  fince  all  the  parallels  EF  &c  to  the  bafe  will 
bebifeded,  as  well  as  the  bafe  itfelf,  and  fo  the  two 
halves  of  each  line  v/ill  juft  balance  each  other.  There- 
fore, putting  the  bafe  BC  = h,  and  the  axis  orbifedting 
line  AD  -■=  the  variable  part  AS  = x ; then,  by 

AD  : BC  : : AS  EF,  that  is  a ^ 


fimfiar 
h : 


a, 

triangles 

O 

hx 


ax. 


X 


gives 


a 

hxk 

a 


~ EF  ; which,  as  a weight,  multiplied  by 
for  the  fluxion  of  the  weights  ; and  this 


again  multiplied  by  x = AS,  the  diftance  from  A,  gives 
fluxion  of  the  momenta-;  the  fluent 


a 


which,  or 


for  the 

bx^ 


of 


hx- 


gives 

o 


\X  — 


divided  by tbe  fluent  for  the  weights, 
fo,r  the  diftance  of  the  centre  of 


I AS 


gravity  from  the  vertex  A in  the  triangle  AEF  ; and 


wdien 


AD. 


then  |AD  is  the  diftance  of  the  centre 


of  gravity  of  the  triangle  ABC. 


Other 


The  Same 
■'drawn  from  any 
fide  pafles  thr-ough  the  centre  of 
interfedien  of  any  two  of  fuch 


rje, 
angle 


noilhout  Fluxions, — ^Since  a line 
to  the  middle  of  the  oppofite 
ravity,  therefore  the 
that 


lines 


wi 


ftl 


bt 


•centre  ; thus  tlien  the  centre  of  gravity  is  in  the  line 
AD  ; and  it  is  alfo  in  the  line  CG  bifeding  AB  ; it  is 
therefore  in  their  interfedlon  S.  Now  to  determine 
the  diftance  of  S from  any  angle,  as  A,  produce  CG 
to  meet  BH  parallel  to  AS  in  H ; then  the  two  tri- 
angles AGS,  BGH  are  mutually  equal  and  fimilar  ; for 
the  oppofite  angles  at  G are  equal,  as  are  the  alternate 
angles  at  H and  S,  and  at  A and  B,  alfo  the  fide  AG  — 
BG  ; therefore  the  other  fides  BH,  AS  are  equal. 
But  the  triangles  CDS,  CBFI  are  fimilar,  and  the  fide 
CB  rr;  zCD,  therefore  BH  or  its  equal  AS  = 2DS, 
that  is  AS  — TAD,  the  fame  as  W4S  found  before# 


And  in  like  manner  CS 


jt 

3 


CG. 


8.  In 


C E N 


C E N 
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J.  In  a Trapezium.  Divide  the  figure!  Into  two  tri- 
angles by  the  diagonal  AC,  and  find  the  centres  of 
gravity  E and  F of  thefe  tiiangles  ; join  EF,  and  find 
the  common  centre  G of  thefe  two  by  this  proportion, 
ABC  : ADC  : : FG  ; EG,  or  ABCD  : ADC  : : EF  ; 
EG. 

In  like  manner,  for  any  other  figure,  whatever  be  the 
number  of  Tides,  divide  it  into  fcvcral  triangles,  and 
find  the  centre  of  gravity  of  each  ; then  connect  two 
centres  together,  and  find  their  common  centre  as  above  ; 
then  connect  this  and  the  centre  of  a third,  and  find 
the  common  centre  of  thefe  ; and  To  on,  always  connedl- 
ihg  the  lall  found  common  centre  to  another  centre, 
till  the  whole  are  included  in  this  procefs  ; fo  fhall  the 
lall  common  centre  be  that  which  is  required. 


5,  Irithe  Paralcla  BAC»  Put  AD  = x,  BD  — v» 
^nd  the  parameter  = p.  I'hen,  by  the  nature  of  the 
figure,  px  = jvS  and  ly  =.  2^^/px\  hence  zx^px 
the  fluxion  of  the  weights,  and  2xx^/px  is  the  fluxion 
of  the  momenta  ; then  the  fluent  of  the  latter  divided 

by  that  of  the  former,  or  ^x^A/p  divided  by 

gives  jx  = l-AD,  for  AG,  the  dillance  of  the  centre 

-of  gravity  G from  the  vertex  A of  the  parabola. 


}"> 


10.  In  the  Circular  Arc  ABD,  confidered  as  a phy. 
fical  line  having  gravity.  It  Is  manifefl  that  the  centre 
of  gravity  G of  the  arc,  will  be  fomewhere  In  the  axis, 
or  middle  radius  BC,  C being  the  centre  of  the  circle, 
which  is  confidered  as  the  point  of  fufpenfion.  Sup- 
pofe  F indefinitely  near  to  A,  and  FH  parallel  to  BC. 
Put  the  radius  BC  or  x'\C  — r,  tlie  femiarc  AB  = %y 
tind  the  femicbord  AE  ==  x ; then  is  AH  zr  x,  and 
AF  = z the  fluxion  of  the  weights,  and  therefore 
CE  X K Is  the  fluxion  of  the  momenta.  ^ But,  by  fi- 
mllar  triangles,  AC  or  r : CE  ; : AF  or  z ; AH  or  x, 
therefore  rx  = CE  X Zy  and  fo  rx  Isalfo  thefiuxion  of 
the  momenta;  the  fluent  of  which  is'rw,  and  this  di- 

. rx  AC  X AE 
vided  by  z the  w'eight,  gives  — = 

AC  X AED 

A^BD^ 


z 


AB 


CG  the  diftance  of  the  centre  of  gra* 


vity  from  the  centre  C of  the  circle  ; being  a 4th  pro- 
portional to  the  given  arc,  its  chord,  and  the  radius  of 
ihe  circle. 

*VoL.  I. 


Id  ence,  when  the  arc ‘becomes  the  femicircle  ABK, 

the  above  expreffion  becomes  — - or = 

IB  i-y'/oSr  1*5708 

— ‘6366;-,  viz  a third  proportional  to  a quadrant  and 

the  radius. 

II.  In  ihe  C/irciilnr  Sc^or  ABDC.  Here  alfo  the 
centre  of  gravity  will  he  in  the  axis  or  middle  radius 
BC.  Now  with  any  fmaller  radius  deferibe  the  con- 
centric arc  LMN,  and  put  the  radius  AC  or  BC  = r, 
the  arc  ABD  = rt,  its  chord  AED  =:  c,  and  the  vari- 
able radius  CL  or  CM  = y ; then  as  r : v : : a 

.V  T XTXT  J 

— --  — . 


c : — 


• y 

the  chord 


: the  arc  LMN,  and  / 

r r 

LON  ; alfo,  by  the  lafl  article,  the  diftance  of  the 

♦ r r T A/TM  • CMxLON_ 

centre  of  gravity  of  the  arc  LMN  is 


CM  X 


LMN 

AED  O'  , . 

^ — ; hence  the  arc  LMN  or  multi- 

ABD  a r 

. * 

avy 

plied  byji  gives  ~ the  fluxion  of  the  wTights,  and  this 
multiplied  by  A the  diftance  of  the  common  centre  of 

fluxion  of  the  momenta ; the 


a 


o 

gravity,  gives  AA  tlie 


.3 


fluent  of  which,  viz  — , 

S'* 

2cy 


divided  by  — , 
2r 


the  fluent  of 


the  weights,  gives 


3^ 


for  the  diftance  of  the  centre  of 


gravity  of  the  feftor  CLEN  from  the  centre  C ; and 

2 cr  

when  y r.  It  becomes  — CG  for  that  of  the 

fe<5lor  CABD  propofed  ; being  | of  a 4th  proportional 
to  the  arc  of  the  feclor,  its  chord,  and  the  radius  of 
the  circle. 

Hence,  when  the  fedlor  becomes  a femicircle,  the  laft 
exprellion  becomes  — = ; - or  | of  a 3d  propor- 

tional to  a quadrantal  arc  and  the  radius.  Or  it  is  equal 
to  ^ = *4244^  from  the  centre  C ; where  p-=  3*i4i5« 


D 


I) 


12.  In  the  Cone  ADB.  Putting  a zr  DC,  h = area 
of  the  bafe  AEB,  and  a*  = Ue  any  variable  altitude^ 

hx‘^ 


then  as  a* 
M m 


a:" 


area  aeh ; hence  the  flux- 


lOJT 


C E N 
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ion  of  the  weights  is 


w 


rhofe  fluent,  or  the  folid 


1 


— - ; and  the  fluxion  of  the  momenta  is  — ^ — . whofe 
hx^  « 

flaent  is  - — ; then  this  fluent  divided  hy  the  former 

fluent  gives  |-.v  or  |Dr  for  the  diftance  of  the  centre  of 
gravity  of  the  cone  Dah^  or  dh)C  for  that  of  the  cone 
X)AB  below  the  vertex  D. 

And  the  fame  is  the  diftance  in  any  other  pyramid. 
So  that  all  pyramids  of  the  fame  altitude,  have  the  fame 
centre  of  gravity. 

13.  In  like  manner  are  we  to  proceed  for  the  centre 
of  gravity  in  other  bodies.  Thus,  the  altitude  of  the 
fegment  of  a fphere,  or  fpheroid,  or  conoid,  being  x,  a 
being  the  whole  of  that  axis  itfelf ; then  the  diftance  of 
the  centre  of  gravity  in  each  of  thefe  bodies,  from  the 
Yertex,  will  be  as  follows,  viz, 

^ — —X  in  the  fphere  or  fpheroid- 
6a  •—  4.r 

■^x  in  the  femlfphere  or  femifpheroid, 

^x  in  the  parabolic  conoid, 


.r  in  the  hyperbolic  conoid. 

6a  ~b  3“^' 

74.  To  determine  the  Centre  of  Gravity  In  any  Tody 
Mechanically,  Lay  the  body  on  the  edge  of  any  thing, 
as  a triangular  prifm,  or  fuch  like,  moving  it  backward 
and  forward  till  the  parts  on  both  Tides  are  in  equiiibrio  ; 
then  is  that  line  juft  in,  or  under  the  centre  of  gravity. 
Balance  it  again  in  another  polition,  to  find another  line 
paffing  through  the  centre  of  gravity  ; then  the  inter- 
fedlion  of  thefe  tv/o  lines  will  give  the  place  of  that 
Cvcntre  Itfelf. 

The  fame  may  be  done  by  laying  the  body  on  an  ho- 
rizontal table,  as  near  the  edge  as  poffible  without  its 
failing,  and  that  in  two  pofitions,  as  lengthwife  and 
breadthvvife  i then  the  common’  interfedlion  of  the  two 
lines  contiguous  to  the  edge,  will  be  Its  centre  of  gra- 
vity. Or  it  may  be  done  by  placing  the  body  on  the 
point  of  a ftyle,  till  it  reft  in  equiiibrio.  It  was  by 
this  method  that  Borelli  found  that  the  centre  of  gra- 
vity in  a human  body,  is  between  the  nates  and  pubis  j 
fo  that  the  whole  gravity  of  th("  body  is  colledled  Into 
the  place  of  the  genitals;  an  inftance  of  the  wifdom  of 
the  creator,  in  placing  the  membrum  virile  in  the  part, 
which  is  the  moft  convenient  for  copulation. 

The  fume  othern.ufe  thus.  Hang  the  body  up  by  any 
point ; then  a plumb  line  hung  over  the  fame  point,  will 
pais  through  the  centre  of  gravity  ; becaiife  that  centre 
will  always  defeend  to  the  loweft  point  when  the  body 
comes  to  reft,  which  it  cannot  dq  except  when  it 
falls  In  the  plumb  line.  Therefore,  marking  that  line 
upon  it,  and  fnfpending  the  body  by  another  point,  with 
tae  plummet,  to  find  another  fuch  line,  the  interfedfion 
of  the  two  w ill  give  the  centre  of  gravity* 

Or  thus.  Hang  the  body  by  two  firings  from  the 
fame  tack,  but  fixed  to  different  points  of  the  body  ; 
then  a plumunet,  hung  by  the  fame  tack,  will  fail  on  the 
centre  of  gravity. 

In  the  4th  Vv^lume  of  the  New  Adis  of  the  Academy 
of  Peterfburgh,  is  the  demonftration  of  a very  general 
theorem  concerning  centres  of  gravity,  by  .M.  Lhuiliex  3 


^ particular  example  only  of  the  general  propofition, 
will  be  as  fullow's : Let  A,  B,  C,  be  the  centres  of  gra- 
vity of  three  bodies  \ c their  refpedlive  maffes,  and 
Q^their  common  centre  of  gravity.  Let  right  lines 
QA,  QJi?  QCj  drawm  from  the  common  centre  tt> 
that  of  each  body,  and  the  latter  be  connedted  by  right 
lines  AB,  AC,  and  BC  ; then 

QA^  X « -b  QB^  X ^ + QC^  X r rx: 

AB^x-^A+aox  -At-  +BC^x  -fd-. 

Cl  *j-  V — j- 1 22  “b  (7  -j-  c a ft-  b -d  c 

Ufes  oj  the  Centre  of  Gravity,  This  point  is  of  the 
greateft  ufe  in  mechanics,  and  many  important  concerns 
in  life,  becaufe  the  place  of  that  centre  is  to  be  con-, 
fidered  as  the  place  of  the  body  itfelf  in  computing  me- 
chanical effedts ; as  in  the  oblique  preffures  of  bodies, 
banks  of  earth,  arches  of  bridges,  and  fuch  like. 

The  fame  centre  is  even  ufe  fill  in  finding  the  fuperfi- 
ciai  and  folid  contents  of  bodies  ; for  it  is  a general 
rule,  that  the  fuperficies  or  folid  generated  by  the  rota- 
tion  oi  a line  or  plane  about  any  axis,  is  always  equal  to 
the  produdf  of  the  faidline  or  plane  drawn  into  the  cir- 
cumference or  path  deferibed  by  the  centre  of  gravity*. 
For  exam  pie,  it  was  found  above  at  art.  i i,  that  in  a femi- 
circle,  the  diftance  of  the  centre  of  gravity  from  the  cen» 

4.r 

tre  of  the  circle,  is  — ; and  therefore  the  path  of  that 

centre,  or  circumference  deferibed  by  it  whilft  the  femi- 
clrcle  revolves  about  its  diameter,  is  |r  ; alfothe  area  of 
the  femicircle  is  lyir®  ; hence  the  produdl  of  the  two  Is 
which,  it  is  well  known,  is  equal  to  the  folidity  of 
the  fphere  generated  by  the  revolution  of  the  femicir- 
cle. 

And  hence  alfo  is  obtained  another  me.thod  of  find- 
ing mathematically  the  centre  of  gravity  of  a line  or 
plane,  from  the  contents  of  the  fuperficies  or  folid  gene 
rated  by  it.  For  if  the  generated  fuperficies  or  folid  be 
divided  by  the  generating  line  or  plane,  the  quotient 
v.ull  be  the  circumference  deferibed  by  the  centre  of 
gravity  ; and  confequently  this  divided  by  zp  gives  the 
radius,  or  diftance  of  that  centre  from  the  axis  of  rota- 
tion, So,  in  the  femicircle,  wdiofe  area  is  ftpx®,  and  the 
content  of  the  fphere  generated  by  it  ; here  the 
iat^ter  divided  by  the  former  is  |r,  and  this  divided  by 

2p  gives  ” for  the  diftance  of  the  centre  of  gravity 

from  the  axis,  or  from  the  centre  of  the  femicircle*. 
The  property  laft  mentioned,  relative  to  the  relation  be- 
tween the  centre  of  gravity  and  the  figure  generated  by 
the  revolution  of  any  line  or  plane,  is  mentioned  by 
Pappus,  in  the  preface  to  his  7th  book  ; and  father  Gul- 
din  has  more  fully  demonftrated  it  in  his  2d  and  3d  books 
on  the  Centre  of  Gravity. 

The  principal  writers  on  the  centre  of  gravity  are 
Archimedes,  Pappus,  Guldini,  Wallis,.  Cafatus,  Carrcj,, 
Hays,  Wolfius,  &c. 

Centre  of  Gyration^,  is  that  point  in, which  if  the 
whole  mafsbe  collpdled,  the  lame  angular  velocity  will;' 
be  generated  in  the  fame  time,  by  a given  force  aAing 
at  any  place,  as  in  the  body  or  fyftem  itfelf.  This  point 
differs  from  the  centre  of.  ofcillatlon,.  in  as  much  as  In 
this  latter  cafe  the  motion  of  the  body  is  produced  by 
the  gravity  of  its  own  particles,  but  in  the  cafe;  of  the 

centre 


C E N 
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centre  of  gyration  the  body  is  put  In  motion  by  Tome 
other  force  acting  at  one  place  only. 

To  determine  the  Centre  of  Gyration^  in  any  body,  or 
fyftem  of  bodies  compofed  of  the  parts  A,  B,  C, 
moving  about  the  point  S,  when  urged  by  a force  ^ act- 
ing at  any  point  P,  Let  R be  that  centre  : then,  by 
-mechanics,  tlie  angular  velocity  generated  in  the  fyilcin 

by  the  force/,  U ^s^-.  + B 

and,  by  the  fame,  the  angular  velocity  of  the  matter 

/'•  AP 

placed  all  in  the  point  R,  is  - ■ - — - ^ ; 

A -j-  p>  -p  C ike  X SR* 
thenfince  thefe  two  are  to  be  equal,  their  equatioi  will 
. /A  • SA*  + B • SB*  + C • SC*  &c  - 

g.veSR=  /— , for 


the  diflance  of  the  centre  of  gyration  fought,  below  the 
axis  of  motion. 

Now  becaufe  the  quantity  A * SA*  + B * SB*  S^c 
Is  = SG  • SO  • h,  where  Gis  the  centre  of  gravity,  O 
the  centre  of  ofclllatlon,  and  h the  whole  body  orfum 
of  A,  B,  C,  See ; therefore  it  follows  that  SR^  =; 
SG  • SO;  that  is,  the  dillance  of  the  centre  of  gyra- 
tion, is  a mean  proportional  between  thofe  of  gravity 
and  ofcillation. 

And  hence  alfo,  if  p denote  any  particle  of  a body, 
placed  at  the  diftance  d from  the  axis  of  motion  ; then  is 

fum  of  all  the  pd'^  r ^ ^ • 

SR  = ; — ^ , ; irom  whence  the  point 

body  b 

R may  be  determined  in  bodies  by  means  of  Fluxions. 

Centre  of  an  Hyperbola^  is  the  middle  of  the  axis, 
or  of  any  other  diameter,  being  the  point  without  the 
figure  in  which  all  the  diameters  interle(^t  one  another  ; 
and  it  is  common  to  all  the  four  conjugate  hyperbolas. 

Centre  of  Magnitude^  is  the  point  which  is  equally 
diftant  from  all  the  fimllar  external  Darts  of  a body. 

A 4 

Tills  is  the  fame  as  the  centre  of  gravity  in  homoge- 
neal  bodies  that  can  be  cut  into  like  and  equal  parts  ac- 
cording to  their  length,  as  in  a cylinder  or  any  other 

NTRE  of  Motion^  is  the  point  about  which  any 
body,  or  fyilem  of  bodies,  moves,  in  a revolving  mo- 
tion. 

Centre  of  Ofcillation^  is  that  point  in  the  axis  or 
line  of  fufpenfion  of  a vibrating  body,  or  fyhem  of 
bodies,  in  which  if  the  whole  matter  or  weight  be  col- 
ledted,  the  vibrations  will  flill  be  performed  in  the  fame 
time,  and  with  the  fame  angular  velocity,  as  before. 
Hence,  in  a compound  pendulum,  its  diftance  from  the 
point  of  fufpenfion  is  equal  to  the  length  of  a fimple 
pendulum  whofe  ofcillations  are  Ifochronal  with  thofe 
of  the  compound  one. 

Mr.  Huygens,  in  his  Horologium  Ofclllatorium, 
fird  (hewed  how  to  find  the  centre  of  ofcillation.  At 
the  beginning  of  his  dlfcourfe  on  this  fubjeef,  he  fays, 
that  Meriennus  firll  propofed  the  problem  to  him 
while  he  was  yet  very  young,  requiring  him  to  refolve 
It  in  the  cafes  of  feftors  of  circles  fufpended  by  their 
angles,  and  by  the  middle  of  their  bafes,  both  when 
they  ofclllate  fideways  and  flatways  ; as  alfo  for  triangles 
and  the  fegmentsof  circles,  either  (ufpended  from  their 
vertex  or  the  middle  of  their  bafes.  But,  fays  he,  not 


liaving  immediately  difeovered  any  thing  that  would 
open  a jialfage  into  this  bufinefs,  I was  repulfed  at  firfl: 
fetting  out,  and  flopped  from  a further  profecution  of  th^ 
thing  ; till  being  farther  incited  to  it  by  acljufling  the 
motion  of  the  pendulums  of  my  clock,  I furrnouuted 
all  difficulties,  g'oing  far  beyond  jDefcartes,  Fabry,  and 
others,  who  had ’.done  the  thing  in  a few  of  the  raoft 
eafy  cafes  only,  without  any  fufficlent  dcmonflration  ; 
and  folving  not  only  the  problems  propofed  by  IMerfen^ 
nus,  but  many  others  that  were  much  more  difficult, 
and  fhevvlng  a general  way  of  determining  this  cen-tre, 
in  lines,  fuperficies,  and  folids. 

In  the  Leipfic  A(5ls  for  1691  and  1714,  this  do(fli  ine 
is  handled  by  the  two  Bernoullis  : and  the  fame  is  alfo 
done  by  Flerman,  in  his  treatife  De  Motu  Corpoium 
Solidorum  et  Fluidorum, 

It  may  alfo  be  feen  in  treatifes  on  the  Tnverfe  Metliod 
of  Fluxions,  where  it  is  introduced  as  one  of  the  exam- 
ples of  that  method.  See  Hayes,  Carre,  Wolflus,  &c. 

To  determine  the  Centre  of  G f'c illation ^ in  any  Com- 
pound Mafs  or  Body  MN,  or  of  any  Syflem  of  Bodies 
A,  B,  C,  &c. 


Let  MN  be  the  plane  of  vibration,  to  which 
plane  conceive  all  the  matter  to  be  reduced  by  let- 
ting fall  perpendiculars  to  this  plane  from  every  par- 
ticle in  the  body  ; a fuppofitlon  which  will  not  al- 
ter the  vibration  of  the  body,  becaufe  the  particles  are 
hill  at  the  fame  diflance  from  the  axis  of  motion.  Let 
O be  the  centre  of  ofcillation,  and  G the  centre  of  gra- 
vity ; through  the  axis  S draw  SGO,  and  the  horizon- 
tal line  ST  ; then  from  every  particle  A,  B,  C,  &c,  let 
fall  perpendiculars  Aa  and  Ap^  Vib  and  B^^,  C^r  and  Cr, 
&c,  to  thefe  two  lines  ; and  join  SA,  SB,  SC  ; alfo 
diaw  Gm  and  On  perpendicular  to  ST. 

Now  the  forces  of  the  weights  A,  B,  C,  to  turn  the 

body  about  the  axis,  are  A • 8/>,  B * Sy,  — C • Sr  ; and, 

by  mechanics,  the  forces  oppofing  that  motion  are 

A • SA*,  B • SB*,  C • SC*  ; therefore  the  angular  mo- 

. . T t r a • + B-S^y  _C  * Sr 

tion  gencjatedinthefyflem  is-; — A- — — 

^ A*SA*-f-  B-SB*4-C-SC*j 

In  like  manner,  the  angular  velocity  which  any  body  or 
particle  />,  fituated  In  O,  geherates  in  the  fyflem,  by  Its 

. . /)  * 8/?  ibn  S/r 

weight,  18  — TTTTTi  or  tttxti  or 


p . SO^’ 
M m z 


SO^ 


SG-SO 


becaufe  of 
the 
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tlie  Emuar  triangles  SGw,  SOn.  But,  by  tbe  condi- 
tions of  the  problem,  the  vibrations  are  performed  alike 
in  both  thefe  cafes  ; therefore  tliefe  two  exprelfions 

Sm 

mull  be  equal  to  each  other,  that  is  7— — • = 

oU  • bO 

A * -f-  B • Sy  — C " Sr 

a^TT3^e-+c'  • 8(>’  so 

S«I  A-SA*  + B-SB*  + C-SC*  „ 

= 80^^  A^Sy.'-fB'STXZ^  • But,by  mecnan.cs 

again,  the  fnm  of  the  forces  A • S/?  -f*  B • Sy  — C • Sr 
is  equal  A + B 4-  C * Sm  the  force  of  the  fame  matter 
colledled  all  into  its  centre  of  gravity  G 5 and  therefore 
A- SA^^  + B-SB^-f-C-  SC-  

so  = (A-:jrir+ C)  •“30“^’  *'**“'''  “ 

didance  of  the  centre  of  ofcillation  O below'  the  axis  or 
fufpenfion. 

Farther,  becaufe  it  v/as  found  under  the  article 
Centre  of  Gravity^  that  (A-fB-hC)  * SG  = A * Si?  4- 

B-S^  + C-S.,  therefore 

\ h-Sa  4-  B‘S3  -fC-Sr 

is  the  fame  di  dance  of  the  centre  of  ofcillation  ; where 

any  of  the  produfls  A • Sc?,  B * S^,  kc  are  to  be  taken 

negatively  when  the  points  a,  hy  &c  lie  above  the  point 

S,  or  where  the  axis  paffes  through. 

Acgain,  becaufe,  by  Eucl.  II  12  and  13, 

it  IS  SA-  = SG-  4-  GA-  ~ 2SG  • Ga, 

and  SB"  = SG-  -f-  GB-  4-  2SG  • G^, 

and  SC-  =:  SG-  4-  GC-  4-  2SG  * Ge,  kc  ; 

and  becaufe  by  Mechanics,  the  fum  of  the  lad  terms  is  no- 

thing, namely  — aSG’Gi?  4-2 SG'Gi^4-2SG’Gr  See  =01 
therefore  the  fum  of  the  others,  or  A'SA-4~B’SB-  See 

1-  "A  + B&C.SG-4- A-GA-  4-  B-GB-4-C-GC- &c,  or 
^ • SG-  +A-GA-4-B-GB-4-C’GC- &CV 
w'here  ^ denotes  the  body,  or  fum  A4-B4-C  Sic  of 
all  the  parts  : this  value  then  being  fubllituted  in.  the  nu- 
merator of  the  2d  value  of  SQ  above-found,  it  becomes 
BvSG-  4*  A-GA-  4-  B-GB-  &c 

O U = — ;; T^: , or 


SO—  S G “h 


SG 

A-GA-  4.  B-GB-  &c. 


SG 

From  which  it  appears  that  the  centre  of  ofcilla- 
tion Is  always  below  the  centre  of  gravity,  and  that 
the  difference  or  dIdance  between  them  is, 

A • GA-  4“  B • GB-  See 
GO  = ♦ 

It  farther  follows  from  hence^  that  SG  * GO  — 

A’GA-FB.GB-&c  o T oz-k  • 

- — ; that  IS,  the  rectangle  SG'GO  1 

the  body  ^ \ ^ 

always  the  fame  condant  quantity,  wherever  the  point 
of  fufpenfion  S is  placed,  fince  the  point  G and  the 
bodies  A,  B,  &c,  are  condant.  Or  GO  is  always 
reciprocally  as  SG,  that  is  GO  islefs  as  SG  is  greater; 
and  the  points  G and  O coincide  when  SG  is  infinite ; 
but  when  S coincides  with  G,  then  GO  is  infinite,  or 
O is  at  an  infinite  didance. 

7’<7  fod  the  Centre  of  Ofcillation  hy  means  of  Fluxions, 
From  the  premifes  is  derived  this  general  method  for 
the  centre  of  ofcillation,  viz,  let  x be  the  abfeiffa  of  an 
ofcillating  body,  andy  its  correfponding  o.rdinate  or  fec- 
tion ; then  will  the  diftance  SO  of  the  centre  of  ofcil- 

4 


latloii  below  tbe  axis  of  fufpenfion  S,  be  equal  to  th^; 
fluent  of  yx'^x  divided  by  the  fluent  oi  yxx.  So  that*, 
if  from  the  nature  or  equation  of  any  given  figure,  tne 
value  of  y be  expreffed  in  terms  of  «,  or  othervvife,  and 
fubditiited  in  thefe  two  fluxions  ; tnen  the  fluents  being 
duly  found,  and  the  one  divided  by  the  otiier,  the  quo- 
tient will  be  the  diftance  to  the  centre  of  ofcillation  in 
terms  of  theabfcifs  x. 

But  when  the  body  is  fiifpended  by  a veiyfine  thread 
of  a given  length  r?,  then  the  fluent  of  a 4-GV*  yk  d:^ 

vided  by  the  fluent  of  4*  w • yx  gives  the  diftance  of 
the  fame  centre  of  ofcillation  below  the  point  of  fuf- 
penfion. ‘ 

Ex,  For  example,  in  a right  line,  or  reiftangle  or  cy- 
linder or  any  other  prifm,  whofe  conftant  feclion  Is  y,  or 
the  conftant  quantity  a ; then  jw-4-  is  ax'^x^  whofe  fluent 
is  \ax‘^  ; alfo  y;tr4  is  axx,  whofe  fluent  is  iax"^  ; and  the 
quotient  of  the  former  ^ax^  divided  by  the  latter  ^ax^p 
is  ^x  for  the  diftance  of  the  centre  of  ofcillation  below 
the  vertex  in  any  fuch  figure,  namely  having  every 
where  the  fame  breadth  or  fetlion,  that  is,  at  two- 
thirds  of  its  lengths 

In  like  manner  the  centre  of  ofcilhition  is  found  for 
various,  figures,  vibrating  flatways,  and  are  as  they  are 
expreffed  below,  viz, 

Nature  of  the  Figure,..  When  fufpenJecl  hy  Fertex^.. 

Ifofceles  triangle  4 of  its  altitude 

Common  Parabola  f of  its  altitude 

' 2 m 4”  I . 

Any  Parabola  X its  altitude* 

3;;?  4“  1 

As  to  figures  moved  laterally  or  fideways,  or  edge* 
w'ays,  that  is  about  an  axis  perpendicular  to  the  plane 
of  the  figure,  the  finding  the  centre  of  ofcillation  ia 
fomewhat  difficult  ; becaufe  all  the  parts  of  the  weight 
in  the  fame  horizontal  plane,  on  account  of  their  un- 
equal diftances  from  the  point  of  fufpenfion,  do  not 
move  with  the  fame  velocity  ; as  is  fliewn  by  Kuygens,; 
ia  his  Horol.  Ofcil.  He  found,  in  this  cafe,  the  d if- 
tance  of  the  centre  of  ofcillation  below  the  axis,  viz^ 
In  a circle,  - - of  the  diameter: 

Inaredlangle,  fufp.by  one  angle,  I of  the  diagonal:: 

In  a parabola  fufp.  by  its  vertex,  axis  -f-  I param. 
The  fame  fufp.  by  mid.  of  bafe,  f axis  4-  k pat'am* 

3  arc  X radius 


In  a fedlor  of  a circle 


In  a cone 


4 axis  4- 


4  chord 

radius  bafe  - 


5  axis 


is  In  a fphere 


2r^ 

* .?■  4"  > where  r is 

5P 

the  radius,  and  ^ = r?  4*  tfie  rad.  added  to  the  length 
of  the  thread. 

See  alfo  Simpfon’s  Fluxions,  art.  183  &c. 

Fo  fnd  the  Centre  of  Ofcillation  Mechanically  or  Ex-- 
perimcntally.  Make  the  body  ofcillate  about  its  point  of 
fufpenfion  ; and  hang  up  alfo  a fimple  pendulum  of 
fuch  a length  that  it  may  vibrate  or  juft  keep  time  with 
the  other  body  : then  the  length  of  the  fimple  psndu* 
lum  is  equal  to  the  diftance  of  the  centre  of  ofcillation 
of  the  body  below  the  point  of  fufpenfion. 

Or  it  will  be  ftill  better  found  thus:  Sufpend  the 
body  very  freely  by  the  given  point,  and  make  it  vibrate 
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jn  fmall  arcs,  counting  the  vibrations  It  makes  in  any 
portion  of  time,  as  a minute,  by  a good  flop  watch; 
and  let  that  number  of  ofclllations  made  in  a minute  be 
called  n : then  lhall  the  diftance  of  the  centre  of  ofcil- 

X 3 o ^ 

lationbeSO  = Inches.  For,  the  length  of 


nil 


the  pendulum  vibrating  feconds,  or  60  tim.es  in  a mi- 
nute, being  39-^  inches,  and  the  lengths  of  pendulums 
bei  ng  reciprocally  as  the  fquare  of  the  number  of  vi- 
brations made  in  the  fame  time,  therefore  n}-  ; 60^  ; : 

39^  : the  length  of  the  pendulum  which  vi- 


nn 


brates  n times  in  a minute,  or  the  diilance  of  the  centre 
of  ofcillation  below'  the  axis  of  motion. 

Centre  of  Percujfton^  in  a moving  body,  is  that 
point  where  the  percuHion  or  ftroke  is  the  greateft,  in 
which  the  whole  percutient  force  of  the  body  is  fup- 
pofed  to  be  colledled;  or  about  w'hich  the  impetus  of 
the  parts  is  balanced  on  every  fide,  fo  that  it  may  be 
ilopt  by  an  Immoveable  obftacle  at  this  point,  and  reil 
on  it,  without  adfing  on  the  centre  of  fulpenfion. 

1.  When  the  percutient  body  revoKts  about  a fixed 
point,  the  centre  of  percuffion  is  the  fame  with  the  cen- 
tre of  ofcillation  ; and  is  determined  in  the  fame  manner, 
viz,  by  confidering  the  impetus  of  the  parts  as  fo  many 
weights  applied  to  an  inflexible  right  line  void  of  gra- 
vity; namely,  by  dividing  the  lum  of  the  produdls  oF 
the  forces  of  the  parts  multiplied  by  their  dlllances 
from  the  point  of  fufpenfion,  by  the  him  of  the  forces. 
And  therefore  what  has  been  above  fliewn  of  the  centre 
of  ofcillation,  will  hold  alfo  of  the  centre  of  percuflion 
when  the  body  revolves  about  a fixed  point.  For  in- 
ftance,  that  the  centre  of  percuffion  in  a cylinder  Is  at 
I of  its  length  from  the  point  of  iufpenfioii,  or  that  a 
ilick  of  a cylindrical  figure,  fuppofing  the  centre  of  mo- 
tion at  the  hand,  will  Itrike  the  greateft  blow  at  a point 
about  tw'o-thirds  of  its  length  from  the  hand. 

2.  But  when  the  body  moves  with  a parallel  motion, 
or  all  its  parts  with  the  fame  celerity,  then  the  centre 
of  percuflion  Is  the  fame  as  the  centre  of  gravity.  For 
the  momenta  are  the  products  of  the  w'elghts  and  ce- 
lerities; and  to  multiply  equiponderating  bodies  bv  the 
fame  velocity,  is  the  fame  thing  as  to  take  equimultiples; 
but  the  equimultiples  of  equiponderating  bodies  do  alfo 
equiponderate;  therefore  equivalent  momenta  are  dif- 
pofed  about  the  centre  of  gravity,  and  confequentiy  in 
this  cafe  the  t\vo  centres  coincide,  and  what  is  fliew’n  of 
the  one  will  hold  in  the  other. 

Centre  of  Percuflion  in  a fluid,  is  the  fame  as  out 
of  it.  V 

Centre  of  a Parallelogram^  the  point  in  w'hlch  its 
diagonals  interferfl. 

Centre  of  Prejfure,  of  a fluid  againft  a plane,  is 
that  point  againft  which  a force  being  applied  equal  and 
contrary  to  the  whole  preflure,  it  will  juft  fuftain  it,  fo 
as  that  the  body  prefled  on  will  not  incline  to  either 
fide. — This  is  the  fame  as  the  centre  of  percuffion,  fup- 
pofing  the  axis  of  motion  to  be  at  the  interfedlion  of 
this  plane  with  thefurface  of  the  fluid;  and  the  centre 
of  preflure  upon  a plane  parallel  to  the  horizon,  or  upon 
any  plane  where  the  preflure  Is  uniform,  is  the  fame  as 
the  centre  of  gravity  of  that  plane.  EmerioiPs  Me- 
chanics, prop.  91. 


Centre  of  a Regular  Polygon  , or  Regular  Body y Is 
the  fame  as  that  of  the  irifcribed,  or  circumferibed  cir- 
cle or  fphere. 

Centre  Sphere^  is  tbe  fame  as  that  of  Its  gene- 
rating femicircle,  or  the  middle  point  of  the  fphere, 
from  whence  all  right  lines  drawm  to  the  fuperficies,  are 
equal. 

Centring  of  an  Optu  Glafsy  the  grinding  it  fo  as 
that  the  thickell  part  be  exactly  In  the  middle. 

Caffini  the  younger  has  a difeourfe  exprefsly  on  the 
neceffity  of  well  centring  the  objedf  glafs  of  a large  te- 
lefcope,  that  is,  of  grinding  It  fo  as  that  the  centre  may 
fall  exactly  in  the  axis  of  the  telefcope.  Mem.  Acad. 
171C. 

Indeed  one  of  the  greateft  difficulties  in  grinding 
large  optic  glafles is,  that  In  figures  io  little  convex,  the 
leaft  difference  will  throw  the  centre  two  or  three  Inches 
out  of  the  middle.  And  yet  Dr.  Hook  remarks,  that 
though  it  w'ere  better  the  thickeft  part  of  a long  object 
glafs  were  exactly  in  the  middle,  yet  it  may  be  a very' 
good  one  w'hen  it  is  an  inch  or  two  out  of  it.  Philof, 
Tranf.  4. 

CENTRIFUGAL  Force,  is  that  by  which  a body 
revolving  about  a centre,  or  about  another  body,  en- 
deavours to  recede  from  It.  And 

CEMTRIPETAU  Force,  is  that  by  which  a mor-- 
ing  body  is  perpetually  urged  towards  a centre,  and. 
made  to  revolve  in  a curve,  inftcad  of  a right  line. 

Hence,  when  a body  revoh'cs  in  a circle,  thefe  two 
forces,  viz,  the  centrifugal  and  centripetal,  are  equal 
and  contrary  to  each  other,  llnce  neither  oFthem  gains 
upon  the  other,  the  body  being  in  a manner  equallv 
balanced  by  them.  But  when,  in  revolving,  the  body 
recedes  farther  from  the  centre,  then  tlie  centrifugal 
exceeds  the  centripetal  force;  as  in  a body  revolving 
from  the  lower  to  the  higher  apfis,  in  an  ellipfe,  ami 
refpedting  the  focus  as  the  centre.  And  when  the  re- 
volving body  approaches  nearer  to  the  centre,  the  cen- 
trifugal is  lefs  than  the  centripetal  force  ; as  while  the 
body  moves  from  the  farther  to  the  nearer  extremity  of 
the  tranfverfe  axis  of  the  elliple:  the  two  forces  being 
equal  to  each  other  only  at  the  very'  extremities  of  that 
axis. 

It  is  one  of  the  eftablifhed  la\\'s  of  nature,  that  all 
motion  is  of  itfelf  redlllinear,  and  that  the  moving  body’ 
never  recedes  from  its  firft  right  line,  tillfome  new  im- 
pulfe  befuperadded  in  a different  direction  : after  that 
new  impulfe  the  motion  becomes  compounded,  but  it 
is  ftill  redtilliiear,  though  not  in  the  fame  line  or  di- 
redtion  as  before.  To  move  in  a curve,  it  muft  re- 
ceive a new  impulfe  in  a different  direction  every  mo- 
ment ; a curve  not  being  reducible  to  any  number  of 
finite  right  lines.  If  then  a body,  continually  drawn 
towards  a centre,  be  projedted  in  a line  that  does  not 
pafs  through  that  centre.  It  will  defcribe  a curve  ; in 
each  point  of  which,  as  A,  It  will  endeavour  to  recede 
from  the  curve,  and  proceed  in  the  tangent  AD;  and 
if  nothing  hindered,  It  would  adfually  proceed  in  it; 
fo  as  in  the  fame  time  in  which  it  deferibes  tlie  arch 
AE,  it  would  recede  the  length  of  the  line  DE,  per- 
pendicular to  AD,  by  its  centrifugal  force:  Or  being 
projedted  In  the  diredf  ion  AD,  but  being  cantinually’ 
drawn  out  of  its  diredlion  into  a curve  by  a centripetal 
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force,  fa  ns  to  fall  below  the  line  of  direflion  by  the 
perpendicular  fpace  DE  : Then  the  centrifugal  or  ceq^ 
tripetal  force  is  as  this  line  of  deviation  DE]  fuppoling 
the  arch  AE  indefinitely  frnall. 


Tlie  dodtrine  of  centrifugal  forces  was  firfi:  mentioned 
by  Huygens,  at  the  end  of  his  Horologium  Ofcillatorium, 
piiblilhed  in  1673,  and  dcmonllratcd  in  the  volume  of 
his  Pofikurnous  Works,  as  alfo  by  Guido  Grando ; where 
he  has  given  a few  eafy  cafes  in  bodies  revolving  in  the 
circumference  of  circles.  But  Newton,  in  his  Principia, 
was  the  firft  who  fully  handled  this  dodtrine  ; at  lead: 
as  far  as  regards  the  conic  fedtions.  After  him  there 
iiave  been  fcveral  other  writers  upon  this  fubjedl  ; as 
Leibnit7.,  Varignon  in  the  Mem.  de  i’Acad.  Keil  in 
the  Phiiof.  Tranf.  and  in  his  Phyfics,  Bernoulli,  Her- 
man, Cotes  in  his  Harmonia  Menfurarum,  Maclaurin 
in  his  Geomctrica  Organica,  and  in  his  Fluxions,  and 
Euler  in  Ids  book  de  Motu,  where  he  confiders  the 
curves  deferibed  by  a body  adted  on  by  centripetal 
forces  tending  to  feveval  fixed  points. 

See  alfo  the  art.  Central  Forces,  where  this  dodlrine 
is  more  tully  explained. 

CENTROBARICO,  the  fame  as  centre  of  gra- 

TltV. 

CENTROBARic-dii'//Sor/,  IS  a method  of  determlninor 
the  quantity  of  a furface  or  folid,  by  means  of  the  ge- 
nerating line  or  plane,  and  its  centre  of  gravity.  The 
dodlrine  is  ehiefly  comprized  in  this  theorem: 

Every  figure,  whether  fuperficial  or  folid,  generated 
by  the  motion  of  a line  or  plane,  is  equal  to  the  pro- 
dudl  of  the  generating  magnitude  and  the  path  of  its  . 
centre  of  gravity,  or  the  line  which  its  centre  of  gra- 
vity deferibes. 

See  more  of  this  fubjedl  under  the  article  Centre  of 
Gra-vily\ 

CENTRUM,  in  Geometry,  Mechanics,  &c.  See 
Centre. 

Centrum  Phonicumfm  Acoiillics,  is  the  place  where 
the  fpeaker  Hands  in  polyfyllabical  and  articulate  echoes. 

Centrum  P honocamptlcum,  is  the  place  or  objedl  that 
returns  the  voice  in  an  echo. 

CEPHEUS,  a conllellation  of  the  northern  hemi- 
fphere,  being  one  of  the  48  old  afterifms.  The  Greeks 
fable  that  Cepheus  was  a king  of  Ethiopia,  and  the 
father  of  Andromeda,  the  princefs  who  was  delivered 
Aip  to  be  devoured  by  a fea  monller,  from  which  file  was 
refeued  by  Perfeus. 

The  liars  of  this  conllellation,  in  Ptolemy’s  cata- 
logue are  13,  in  Tycho’s  ii,  in  Hevelius’s  51,  and  in 
the  Britannic  catalogue  35. 

CEPvBERUS,  one  of  the  new  conllellations  formed 
by  Hevelius  out  of  the  unformed  liars,  and  added  to 
the  48  old  afterifms.  It  contains  only  4 liars,,  which 
are  enumerated  under  Hercules  in  the  Britannic  ca- 
talogue. 
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GETUS,  the  Whfile^  a fouthern  conllellation,  and 
one  of  the  48  old  afterifnis.  The  Greeks  pretend  that  it 
was  the  fea-raonller  fent  by  Neptune  to  devour  An- 
dromeda, but  was  killed  by  Perfeus. 

In  the  neck  of  the  whale  is  a remarkable  ftar, 
Collo  Ceti,  which  appears  and  difappears  pycriodically, 
or  rather  grows  brighter  and  fainter  by  turns,  owing 
it  is  fuppofed  to  the  alternate  turning  of  its  bright 
and  dark  fides  towards  us,  as  it  revolves  upon  its  axis, 
or  elfe  owing  to  the  ftar  having  a fiattilh  form.  The 
period  of  its  changes  is  about  312  days.  Bullialdus 
in  Phil.  Tranf.  vol.  2,  Hevelius  ibid.  vol.  6,  Herfchel 
ibid.  vol.  70,  Marald.  in  Mem.  Acad.  1719. 

The  liars  in  the  conftellation  Cetus,  in  Ptolomy’s 
catalogue,  are  22,  in  Tycho’s  2i,  in  Hevelius’s  45, 
and  in  the  Britannic  catalogue  97. 

CHAIN,  in  vSurveying,  is  a lineal  meafiire,  conftft- 
ing  of  a certain  number  of  iron  links,  ufually  too  : ferv- 
ing  to  take  the  dimenftons  of  fields  &c. 

At  every  loth  link  is  ufually  faftened  a fmall  brafs 
plate,  with  a figure  engraven  upon  it,  or  elfe  cut  into 
different  ftiapes,  to  ftiew  how  many  links  it  is  from  one 
end  of  the  chain. 

Chains  are  of  various  kinds  and  lengths  ; as 

1.  A chain  of  100  feet  long,  each  link  one  foot,  for 
meafiiring  of  large,  diftances  only,  when  regard  is  not 
propofed  to  be  had  to  acres  &c,  in  the  fuperficial  con- 
tent. 

2.  A chain  of  one  pole  or  16  feet  and  a half  in 
length;  efpecially  ufeful  in  meafunng  and  laying  out- 
gardens  and  orchards,  or  the  like,  by  the  pole  or  rod 
meafure. 

3.  A chain ofp poles,  or  66  feet,  or  22  yards,  in  length, 
called  Gunter’s  chain,  and  is  peculiarly  adapted  to  the 
bufinefs  of  Surveying  or  Land-meafuring,  becaufe  that 
10  fquare  chains  juft  make  an  Englilli  acre  of  land  ; fo 
that  the  dimenftons  being  taken  in  tliefe  chains,  and 
thence  the  contents  computed  in  fquare  chains,  they 

. are  readily  turned  into  acres  by  dividing  by  10,  or 
barely  cutting  off  the  laft  figure  from  the  fquare  chains. 
But  it  is  Hill  better  in  praflice  to  proceed  thus,  viz, 
count  the  dimenftons,  not  in  chains,  but  all  in  links ; then 
the  contents  are  in  fquare  links  ; and  five  figures  being 
cut  off  for  decimals,  the  reft  are  acres  ; that  is  four  fi- 
gures to  bring  the  fquare  links  to  fquare  chains,  and  one 
more  to  bring  the  fquare  chains  to  acres. 

In  this  chain,  the  links  are  each  7 inches  and 
or  7*92  inches  in  length,  which  is  very  nearly  | of  a 
foot.  And  hence  any  number  of  chains  or  links  are 
eafily  brought  to  feet  or  inches,  or  the  contrary  : the 
beft  way  of  doing  which  is  this  : multiply  the  number 
of  links  Ity  66,  then  cut  off  two  figures  for  decimals, 
and  the  rcll  are  feet : or  multiply  links  by  22  for  yards,  ‘ 
cutting  off  two  figures. 

CHALDRON,  of  Coals,  an  Englifli  dry  meafure 
of  capacity  confiiling  of  36  biifhels  heaped  up. 

The  chaldron  of  coals  is  accounted  to  rveigh  about 
2000  pounds. — On  fiiip  board,  21  chaldrons  of  coals 
are  allowed  to  the  fcore. 

CPIAMBER  of  a Mortar,  or  fame  cannon,  is  a cell 
or  cavity  at  the  bottom  of  the  bore,  to  receive  the 
charge  of  powder. 

It  is  not  found  by  experience  that  chambers  have 
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Unv  renfible  effe<5l  on  the  velocity  of  the  fhct,  unlefs  in 
the  largeli  ordnance,  as  mortars  or  very  large  cannon. 
Neither  is  it  found  that  the  form  of  them  is  very 
material ; a fmall  cylinder  is  as  good  as  any  ; though 
mathematical  fpeculations  may  ihew  a preference  of 
one  form  over  another.  But  inpraftice,  the  chief  point 
to  be  obferved,  is  to  have  the  chamber  of  a fize  juft 
to  contain  the  charge  of  pov^^der,  and  no  more,  that 
the  bail  may  lie  dole  to  the  charge  ; and  that  its  en- 
trance may  point  exadly  to  the  centre  of  the  ball. 

CHAMBERS  (Ehhraim),  author  of  the  diction- 
ary of  fciences  called  the  Cyclopi-^dia,  He  v;as  born  at 
Milton  in  the  county  of  Weftmoreland,  where  he  re- 
ceived the  common  education  for  qualifying  a youth 
for  trade  and  commerce.  When  he  became  of  a pro- 
per age,  he  was  put  apprentice  to  Mr.  Senex  the  globe- 
maker,  a buiincfs  which  is  conneCfed  with  literature, 
efpecially  with  geography  and  aftronomy.  It  was 
during  Mr.  Chamibers^s  refidence  with  this  fltilful  artift, 
that  he  acquired  that  tafte  for  literature  which  accom- 
panied him  through  life,  and  direCted  all  his  purfuits. 
It  was  even  at  this  time  that  he  formed  the  clefign  of 
his  grand  work,  the  Cyclopaedia  ; fome  ot  the  full  ar- 
ticles of  which  were  written  behind  the  counter.  To 
have  leifure  to  purine  this  work,  he  quitted  Mr.  Senex, 
and  took  chambers  at  Gray’s-Inn,  where  he  chiefly  re- 
fided  during  the  reft  of  his  life.  The  firft  edition  of 
the  Cyclopaedia,  which  was  the  refult  of  many  years 
intenfe  application,  appeared  in  1728,  in  2 vols.  folio. 
The  reputation  that  Mr.  Chambers  acquired  by  the 
execution  of  this  work,  procured  him  the  honour  of 
being  eledled  F.  R.  S.  Nov.  6,  1729.  In  lefs  than  ten 
years  time,  a fecond  edition  became  necefTary  ; which 
accordingly  was  printed,  with  corrections  and  addi- 
tions, in  1738  ; and  this  was  followed  by  a third  edi- 
tion the  very  next  year. 

Although  the  Cyclopaedia  was  the  chief  bufincfs  of 
Mr.  Chambers’s  life,  and  may  be  regarded  as  almoft 
the  foie  foundation  of  his  fame,  his  attention  was  not 
wholly  confined  to  this  undertaking.  Fie  was  concern- 
ed in  a periodical  publication,  called,  'The  Literary  Ala- 
gaziney  which  was  begun  in  1735.  In  this  work  he 
wrote  a variety  of  articles  ; particularly  a review  of 
Morgan’s  Aloral  Philofophcr.  He  was  alio  concerned 
with  Mr.  John  Martyn,  profefior  of  botany  at  Cam- 
bridge, in  preparing  for  the  prefs  a tranllation  and 
abridgm.ent  of  the  FhUoJophical  Hiflcry  and  Alcmcirs  of 
the  R.  Acad,  of  Sciences  at  Paris  ; which  w'ork  was  not 
publifhed  till  1742,  fome  time  after  our  author’s  de- 
ceafe,  in.  5 vohim.es  8vo.  Mr.  Chambers  was  alfo  au-- 
thor  of  the  tranflation  of  the  "Jefuids  Perfpecirve,  from 
tlie  French,  in  qto  ; which  has  gone  through  feveral 
editions. 

Mr.  Chambers’s  clofe  and  unremitting  attention  to 
his  ftudies  at  length  impaired  his  health,,  and  obliged 
him  cccafionally  to  take  a country  lodging,  but  with- 
out much  bjnefit  ; he  afterv/ards  vifited  the  fouth  of 
France,  but  ftill  with  little  effedt  ; he  therefore  return- 
ed to  England,  where  he  foon  after  died,  at  Iflington, 
May  15,  1740,  and  \vas  buried  at  Weftniinfter  Abbey., 

After  the  author’s  death,  two  more  editions  of  his 
Cyclopaedia  were  publifhed.  The  proprietors  after- 
wards procured  a fupplement  to  be  compiled,  by  Mr., 


Scott  and  Dr.  Flill,  but  chiefly  by  the  latter,  which  ex- 
tended to  tw'o  volumes  more  ; and  the  whole  has  fince 
been  reduced  into  one  alphabet  in  4 volumes,  by  Dr. 
Rees,  forming  a very  valuable  body  of  the  fciences. 

CHAMBRANLE,  the  border,  frame,  or  ornament 
of  ftone  or  wood,  furroiinding  the  three  fides  of  doors, 
windows,  and  chimneys.  This  is  different  in  the  dif- 
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ferent  orders  : when  it  is  plain,  and  without  m.ouldings, 
it  is  called  Amply  and  properly,  band^  cafe.,  or  frame. 
In  an  ordinary  door,  it  is  moftly  called  door -cafe  ; in  a 
v.'indow,  the  nvindo'iu  frame. 

The  Chambraule  confifts  of  three  parts  ; the  two 
fides,  called  afeendants  ; and  the  top,  called  the  tra- 
verfe  or  fupercilium. 

CHAMFER,  or  Chamferet,  an  ornament,  in  ar- 
chitecture, confifting  of  half  a fcotia  ; being  a kind  of 
fmall  fuiTOw  or  gutter  on  a column. 

CHAMFERING,  is  ufed  for  cutting  the  edge  or 
the  end  of  any  thing  bevel,  or  aflope. 

CHANCE,  tJje  Dottrine  and  llanos  of  are  the  fame 
as  thofe  of  exptdtation,  or  probability,  5:c  ; which  fee. 
Chances,  in  play,  coniift  of  the  number  of  wa^'S  by 
which  events  m.ay'  happen.  Thus,  if  a halfpenny,  or 
other  piece  of  money,  be  tofled  up,  there  are  tw'O 
events,  or  chances,  or  fides  that  may  turn  up,  namely 
one  chance  for  turning  up  a head,  and  one  for  the  con- 
trary' ; that  is,  it  is  an  equal  chance  to  throw  a head 
or  not.  And  in  throwing  a comm.on  die,  which  has  6 
faces,  there  are  in  all  6 chances,  that  is  one  cliance  for 
throwing  an  ace  or  any  other  fingle  point,  and  5 
chances  agaiuft  it  ; or  it  is  5 to  1 that  fuch  afligned 
point  does  not  come  up. 

Upon  this  fubjetl,  fee  De  Moivre,  Simpfen,  S:c. . 
CHANDELIERS,  in  Fortification,  a kind'  of 
wooden  pampet,  confifting  of  upright  timbers  furq^ort- 
ing  otliers  laid  ncrofs  the  tops  of  them',  6 feet  high, 
and  fortified  w’ith  fafeines  See.  They'  are  ufed  to  cover 
the  workmen  in  approaches,  galleries,  and  mines.  And 
they  differ  from  blinds  only  in  this,  that  the  former 
ferve  to  cover  the  men  before,  and  the  latter  over  head. 

CHANGES,  the  permutations  or  variacions  of  any 
number  of  things,  with  regard  to  their  pofirion,  order, 
&c  ; as  how  many  cliangvs  may  be  rung  on  a number  oF 
b'clls,  or  how  many  different  ways  any  number  of  per- 
fons  may  be  placed,  or  how'  many  feveral  variations  may- 
be made  of  any  number  of  letters,  or  any'-  other  things 
propofed  to  be  varied. 

To  fnd  out  fiicb  number  of  changes,  multiply  contiau- 
ally  together  all  the  terms  in  a feries  of  arit]>met;c:ii 
progreffion,  whofe  firft  term  and  common  difference 
are  each  unity  or  i,  and  the  lafl  term  the  number  of 
things  propofed  to  be  varied,  thus  1X2X  3x4x7 
&c.  till  the  lafl  immber  be  the  propofed  number  of 
things.  For, 

If  there  be  only  two  things,  as  a and  b,  they  admit 
of  a double  order  or  pofitiou  only  ; for  they  may  be 
placed  either  lluis  or  thus  viz,  1x2  = 2 ways.. 
If  there  be  three  tilings,  a,  b,  and  r,  they  a h c 
will  admit  of  6 variations  i X 2 fince 
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And  if  there  he  4 things,  each  of  tliem  may  he  com- 
-hincd  4 ways  with  each  order  of  the  other  three,  that  is 
4 times  6 ways,  or  i X 2 X 3 X 4 = 24.  ways. 

In  like  manner,  the  combinations 
of  5 things  are  IX2X3X4X5  =I20 
of  6 things  are  i X2X3X4X5X6  = 720 
<S:c. 

So  that  if  it  he  propofed  to  aflign  how  many  dif- 
ferent ways  a company  of  6 perfons  may  be  placed, 
at  table  for  inllance,  the  anfwer  will  be  720  ways. 
Alio  the  number  of  changes  that  can  be  rung  on  7 bells, 
are  i x 2 X ,3  X 4 X~5  X 6 X 7 01*720  X 7 = 5040 
changes. 

CHAPITERS,  the  crowns  or 
lar  or  column. 

CHAPPl'l  (J^AN  d’Auteroche),  a French  aflro- 
nomer,  was  born  at  Mauriac,  in  Auvergne,  March  2., 
1728.  A take  for  drawing  and  mathematics  appeared 
m him  at  a very  tender  age  ; and  he  owed  to  Dom 
Germain  a knowledge  of  the  hrft  elements  of  mathe- 
matics and  allronomy.  M.  Caflini,  after  affuring  him- 
felf  of  the  genius  of  this  young  ma,n,  undertook  to 
improve  it.  He  employed  liirn  upon  the  map  of  France, 
and  the  tranflation  of  Hailey’s  tables,  to  which  he 
made  conhderahle  additions.  The  king  charged  him 
in  I 753  with  drawing  the  plan  of  the  county  of  Bitche, 
in  Lorraine,  all  the  elements  of  which  he  determined 
geographically.  He  occupied  himfelf  greatly  with  the 
two  comets  of  1760  ; and  the  fruit  of  his  labour  was 
his  Elementary  treatife  on  the  tlieory  of  thofe  cometSs, 
“enriched  with  obfervations  on  the  zodiacal  light,  and 
on  the  aurora  borealis.  He  foon  after  went  to  Tobolflc,- 
in  Siberia,  to  obferve  the  tranfit  of  Venus  over  the  fun  ; 
a journey  which  greatly  impaired  his  health.  After 
two  years  ahfence  he  returned  to  France  in  1762, 
wTere  he  occupied  himfelf  for  fome  tiiue  in  putting 
in  order  the  great  quantity  of  obfervations  he  had 
made.  M.  Chappe  alfo  went  to.  obferve  the  next  tran- 
fit of  Venus,  viz  that  of  1769,  at  California,  on  the 
weft  fide  of  North  America,  where  he  died  of  a danger- 
ous epidemic  difeafe,  the  ift  of  Auguft  1769.  He 
had  been  named  Adjundl  Aftronomer  to  the  Academy 
th e 1 7 th  of  J aniiary  1 7 5 9 . 

The  publiftied  works  of  M.  Chappe,  are, 

T.  The  Aftronomical  Tables  of  Dr.  Halley  ; with 
•obfervations  and  additions  : in  8vo,  1754. 

2.  Voyage  to  California  to  obferve  the  tranfit  of 

Venus  over  the  fun,  the  3d  of  June  '1769:  in  4to, 
X772.  ^ 

3.  He  had  a confiderahle  number  of  papers  mferted 
in  the  Memoirs  of  the  Academy,  for  the  years  1760, 
1761,  1764,  1765,  1766,  1767,  and  1768  ; chiefly 
relating  to  aftronomical  matters. 

CHAPTREL,  tlie  fame  with  Impoft. 
CHARACTERISTIC,  of  a Logarithm^  the  fame 
as  Index,  or  Exponent.  This  term  was  firft  ufed  by 
Briggs  in  the  4th  feftion  of  his  Arithmetica  Loga- 
•rithmica,  where  he  treats  particularly  of  it  ; meaning 
by  it,  the  integral  or  firft  part  of  a logarithm  to  wards  the 
left  hand,  which  exprefies  i lefs  than  the  integer  places 
or  figures  in  the  number  anfwerlng  to  that  logarithm,  or 
how  far  the  firft  figure  of  this  number  is  removed  from 
the  place  of  units  ; namely,  that  o is  the  chara6lerlftic 
of  all  numbers  from  i to  105  and  i the  charadleriftic 


upper  parts  of  a pil- 


of  all  tbofe  from  10  to  100  j and  2 the  characleiiftic 
of  all  tliofe  from  100  to  1000  ; and  fo  on. 

CHARACTERS,  arc  certain  marks  ufedby  Aftro- 
nomers.  Mathematicians,  &c,  to  denote  certain  things, 
whether  for  the  fake  of  brevity,  or  perfpicuity,  in  their 


operations 


Planets  Cf  i 


G The  Sun 
^ The  Moon 
0 Tlie  Earth 
^ Mercury 
2 Venus 
cf  Mars 
Jupiter 
ft  Saturn 

Herfchel,  or  the 
Georgian  Planet 
^ A fcending  Node 


■I.  Astronomical  Characters. 

P/je  f'Zvelve  S/gns  or  Conjlella-- 
tions  of  the  Zodiac* 
Aries,  the  Ram 
S Taurus,  the  Bull 
H Gemini,  the  Twins 
© Cancer,  the  Crab 
fk  Leo,  the  Lion 
tijj  Virgo,  the  Maid 
Iftbra,  the  Balance 
Ml  Scorpio,  the  Scorpion 
Sagittary,  ti  e Archer 
Vy  Capricorn,  the  Goat 
XiX'  Aquarius,  the  Water-bearer 


25  Defcending  Node  X Pifces,  the  Fiflies 
Phe  Affects i Pime,  Motion ^ lAc* 

<3  Conjunftion  ° Degrees 

g Oppofition  ^ Minutes  or  Primes 

Sextile  Seconds,  &c. 

□ .Qiiartile  A.  M.  Ante  merid.  or  m morn. 

A Trine  P.  M.  Poft  merid.  or  a aftern* 

h,  m,  s.  Hours,  min.  fee. 

2.  Mathematical  fifr.  Characters. 


IN  timer al  CharaBers  ufed  by  different  N ations, 

Tlie  moft  common  numeral  characlers,  are  thofe 
called  Arabic. or  Indian,  viz.  I,  2,  3,  4,  5,  6,  7,  8, 
9,  with  o or  cipher  for  nothing. 

The  Roman  numeral  characters  are  feven,  viz,  I one, 
V five,  X ten,  L fifty,  C a hundred,  D or  IG  five  hun- 
dred, M or  DQ  or  CIO  a thoufand.  Other  combina- 
tions are  as  in  the  following  fynopfis  of  the  Roman 
Notation. 

1 = I 

2 = II:  As  often  as  an)"  character  is  repeated, 

3 — III  fo  many  times  its  value  is  repeated, 

4 lIII  or  IV  : A lefs  character  before  a 

5 ~ V greater  diminifnes  its  value. 

6 = VI  : A lefs  character  after  a greater  in« 

7 rr  VII  creafes  its  value. 

8 = VIII 

9 = IX 
IO=:X 

' 50  = L 

100  C 

500  = D or  lO  : For  every  f)  added,  this  be«» 

comes  10  times  as  many. 

1000  = M or  CIO  : For  every  C and  0>  fet  one  at 
2000  = MM  [each  end,  itbecomes  10  times  as  much. 
5000  = loo  or  V : A line  over  any  number  in- 
6000  = VI  creafes  it  1000  fold. 

10000  = X or  CCIOO 

50000  = ippo 

60000  = LX 
100000  = por  CCCIOOD 
1000000  = M or  CCCCIpODD 
3000000  = MM, 

Greek 


C H A 


[ 273  ] 


C H A 

. . , Grech  Numerals, 

The  Greeks  had  three  ways  of  exprefiing  numbers. 
Firil,  The  moft  liniple  was,  for  qwcyj  iingle  letter,  ac- 
cording to  its  place  in  the  alphabet,  to  denote  a number 
from  a I to  w 24  ; in  which  manner  the  books  of  Ho- 
mer’s Ilias  are  diftinguifhed.  Secondly,  Another  way 
was  by  dividing  the  alphabet  into  (firft)  8 units,  a i, 
^2,  &c  ; (2nd)  8 tens,  t 10,  y.  20,  &c  ; ( '^d J 8 
hundreds,  ^ 100,  r 200,  6vC  : And  thoufands  they  ex- 
prelTed  by  a point  or  accent  under  a letter,  as  a 1000, 
^ 2000,  See.  Thirdly,  A third  way  was  by  fix  capi- 
tal letters,  thus,  I (x,  i'or  y.tx)  I,  n (tneVTs)  5,  A {hyeo) 
10,  H(H£>ca!oy)  100,  X ICOO,  M (f^veict)  lOOOO  : 

and  when  the  letter  n inclofed  any  of  thefe,  except  I, 
it  fhewed  that  the  inclofed  letter  was  live  times  its  own 

value,  as  50,  |h]  500,  lx[  5000,  |m|  50000. 

Hebrew  Numerals. 

The  Hebrew  alphabet  was  divided  into,  Nine  Units, 
as  s*  a 2,  &c  ; Nine  Tens,  as  ♦ 10,  a 20,  See  ; Nine 
Hundreds,  as  p 100,  i 200,  &;c,  -j  500,  d 600,  ] 700, 

800,  y goo.  Thoufands  were  fometimes  expreffed 
■by  the  units  prefixed  to  hundreds,  as  ibnK  15  34’ 

and  even  to  tens,  as  I’k  1070,  See.  But  more  com- 
monly thoufands  were  exprelied  by  the  word  1000, 

ZT-iba  2000;  and  d‘s‘:k  with  the  other  numerals  prefixed 

to  fignify  the  number  of  thoufands,  as  3000,  Sec. 

CharaBcrs  ufed  In  Arithmetic  and  Algebra. 

The  firft  letters  of  the  alphabet,  b,  c.  Sec,  denote 
given  quantities  ; and  the  laft  letters  2,  y,  x,  Sec, 
denote  fucb  as  arc  unknown  or  fought.  Stifelius  firll 
ufed  the  capitals  A,  B,  C,  Sec,  for  the  unknown  or  re- 
quired quantities.  After  that,  Vieta  ufed  the  capital 
vowels  A,  E,  I,  0>  U,  Y for  the  unknown  or  re- 
quired quantities,  and  the  confonants  B,  C,  D,  Sec, 
for  known  or  given  numbers.  Harriot  changed  Vieta’s 
capitals  into  the  fmall  letters  ,viz  a,  e,  i,  0,  u,  for  un- 
known, and  h,  c,  d,  S:c,  for  knov/n  quantities.  And 
Uefcartes  changed  Harriot’s  vowels  for  the  latter  let- 
ters 2,  y,  X,  Sec,  and  the  confonants  for  the  leading 
letters  a,  b,  c,  d,  &c. 

Newton  denotes  the  feveral  orders  of  the  fluxions  of 
variable  quantities  by  as  many  points  over  the  latter 
letters  ; 

as  ic,  j,  2 are  the  ifi  fluxions, 

X,  y,  2 are  the  2d  fluxions, 

X,  y,  2 are  the  3d  fluxions. 

Sec,  of  X,  y,  2.  And  Eeibnitz  denotes  the  dif- 
ferentials of  the  fame  quantities  by  prefixing  d to  each 
’of  them,  thus  dx,  dy,  d%. 

Powers  of  quantities  are  denoted  by  placing  the  in- 
dex or  exponent  after  them,  towards  the  upper  part  ; 
thus  is  the  2d  power,  a'^  the  third  power,  and  the 
n power  oS a.  Diophantus  marked  the  powers  by  their 
initials,  thus  k,  ^0'',  ^k'',  ay',  Sec,  for  dynamis,  cu- 
bus,  dynamodynamls.  Sec,  or  the  2d,  3d,  4th,  Sec 
powers,;  and  the  fame  method  has  been  ufed  by  fe- 
veral of  the  early  writers,  fince  the  introdudfion  of  Al- 
gebra into  Europe  : but  the  firft  of  them,  as  Paciolus, 
Cardan,  &c,  ufed  no  mark- for  powers,  but  the  words 
You  L * 


themfelves.  Stifel,  and  others  about  his  time,  ufed  the 
initials  or  abbreviations,  3,  ff,  33?  &c,  of  res  or 
cofs,  zenzus,  cubus,  zenzi^enziis,  Sec,  barbarous  cor- 
ruptions of  the  Italian  cofa,  cenfiis,  cubo,  cenfi-cenfus^ 
Sec.  But  he  ufed  alfo  numeral  exponents,  both  nofi- 
tive  and  negative,  to  the  general  charadlers  or  roots 
A,  B,  C,  Sec.  Bombelli  ufed  a half  circle  thus  as  a 
general  charadler  for  the  unknown  or  quantity  requir- 
ed to  be  found  in  any  queftion,  and  the  feveral  powers 
of  it  lie  denoted  by  figures  fet  above  it ; thus  d, 
are  the  ift,  2d,  3d  powers  of ; which  powers  he 
called  dignities.  Stevinus  ufed  a whole  circle  for  the 
fame  unknown  quantity,  with  the  numeral  index  within 
It,  and  that  both  integral  and  fradlional;  thus  'O  , (T), 

®,  are  th^  o,  i,  2,  3 powers  of  the  general  quantity 

O ; alfo  @,  ©,  @,  ho  ufes  as  the  fquare  root,  cubic 

root,  4tli  root  of  the  fame  ; 

and  (^,  the  cube  root  of  the  fquare, 

and  0,  the  fquare  root  of  the  cube,  and  fo  on. 

And  thefe  fradtioual  exponents  were  adopted  and  far- 
ther ufed  by  his  commentator  Albert  Girard.  80  that 
Stevimis  ought  to  be  efteemed  the  firft  perfon  who  ren- 
dered general  the  notation  of  all  powers  and  roots  in 
tlie  fame  way,  the  former  by  integral,  and  the  latter  by 
fradtional  exponents.  Harriot  denoted  his  powers  by  a 
repetition  of  the  letters  ; thus  a,  aa,  aaa.  Sec.  And 
Defcartes,  inftead  of  this,  fet  the  numeral  index  at  the 
upper  part  of  the  letters,  as  at  prefent  thus  a,  a'^’,  a^. 
Sec.  Though,  I am  informed,  by  fnch  as  have  feen 
Harriot’s  poftiiumons  papers,  that  he  alfo  there  makes 
life  of  exponents. 

The  character  is  the  fign  of  radicality,  or  of  » 
root,  being  derived  from  the  initial  R or  r,  which  was 
ufed  at  firft  by  Paciolus,  Cardan,  &c.  This  charadter 
H I fii*ft  find  ufed  by  Stifel,  in  1544,  and  by  Robert 
Recorde  in  1557.  The  character  y'  alone  denotes  the 
fquare  root  only  ; but  at  firft  they  uled  the  initial  of 
the  name  after  it,  to  denote  the  feveral  roots : as  s/(l  the 
quadrate  or  fquare  root,  and  -v/c  the  cubic  root.  But 
the  numeral  indices  of  the  root  were  prefixed  by  Albeit 
Girard,  exactly  the  fame  as  they  are  uied  at  prefent, 
viz  \/ , \/,  the  2d,  3d,  or  4th  root. 

The  character  denotes  addition,  and  a pofitive 
quantity.  At  firft  the  word  Itfelf  was  ufed,  plus,  piu, 
or  the  initial  p.  by  Paciolus,  Cardan,  Tartalea,  &C* 
And  the  character  -|-  for  addition  occurs  in  Stifelius. 

The  character  — denotes  fubtra«5tion,  and  a nega- 
tive quantity ; which  alfo  firft  occurs  in  the  fame  au- 
thor Stifelius.  Before  that,  the  word  minus,  mene,  or 
the  initial  m.  was  ufed.  Other  characters  have  alfo  been 
fometimes  ufed  by  other  authors,  for  addition  and  fub- 
tradtion  ; but  they  are  now  no  longer  in  ufe. 

X denotes  multiplication,  and  was  introduced  by 
Oughtred. 

-r*  denoting  divifion,  was  Introduced  by  Dr.  PcB. 
Divifion  is  alio  denoted  like  a fraction, 
a 6 

thus  ~ or  — 2=  2. 

^ 3 

2=  denotes  equality,  and  was  ufed  by  Robert  Re- 
corde. Defcartes  ufes  x>  for  the  fame  purpofe. 

The  chara6ter  : : for  proportionality,  or  equality  ot 
ratios,  was  introduced  by  Oughtred ; as  was  alfo  the 
mark  -H-  for  continued  proportion. 

Nn  ‘ > for 
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> ff^r  grater,  and  < for  ler$>  were  ufed  by  Harriot. 

And  and  ^ were  ufed  by  Ougbtred  for  the 
fame  purpofes. 

T)r.  Pell  ufed  for  involution,  and  for  evolution, 
CO  denotes  a general  difference  between  any  two 
quantities,  and  was  introduced  by  Dr.  Wallis, 

The  Parentlrefis  ( ),  as  a vinculum,  was  invented 

bvAlbert  Girard,  and  ufed  in  fuch  expreffions  as  thefe, 
s/(72  + v/5  1 20),  and  B (By  -p  Cy),  both  for  univer- 
fal  roots,  and  multiplication,  &c. 

The  ilraight-lined  vinculum,  , w’as  ufed  by 

Vieta  for  the  fame  purpofe  j A — B iiiB  -fC. 


CharaSers  in  Geometry  and  ‘Trigonometry » 


□ A Square 
A A Triangle 
r-n  A Rectangle 
O Of  © A Circle 


A An  Angle 
i—  A Rightanule 
jL  Perpendicular 
jl  Parallel, 


CHARGE,  in  Eleftricity,  in  a ftridl  fenfe,  imports 
the  accumulation  of  the  eleCtric.  matter  on  one  furface 
of  an  eledric,  as  the  Leyden  phial,  a pane  of  glafs,  &c, 
w'hilfl  an  equal  quantity  pafl'es  off  froifl  the  oppofite  fur- 
face.  Or,  more  generally,  eledrics  are  faid  to  be 
charged,  when  the  equilibrium  of  the  eledric  matter  on 
the  oppofite  furface  is  deflroyed,  by  communicating 
one  kind  of  eledricity  to  one  fide,  and  the  contrary 
kind  to  the  oppofite  fide : nor  can  the  equilibrium  be 
reftored  till  a communication  be  made  by  means  of  con- 
duding  fubflances  between  the  two  oppofite  furfaces  : 
and  when  this  is  done,  the  eledric  is  faid  to  be  dif- 
charged.  The  charge  properly  refers  to  one  fide,  in  con- 
tradiftindion  from  the  other  ; fince  the  whole  quantity 
in  the  ekdric  is  the  fame  before  and  after  the  operation 
of  charging ; and  the  operation  cannot  fucceed,  unlefs 
what  is  gained  on  one  fide  is  loft  by  the  other,  by  means 
of  condudors  applied  to  it,  and  communicating  either 
with  the  earth,  or  with  a fufticient  number  of  non-elec- 
trics. To  facilitate  the  communication  of  eledricity  to 
an  eledric  plate  See,  the  oppofite  furfaces  are  coated 
with  fome  conduding  fubftance,  ufually  with  tin-foil, 
.within  fome  diftance  of  the  edge ; in  confequence  of 
which  the  eledricity  communicated  to  one  part  of  the 
coating,  is  readily  diffufed  through  all  parts  of  the  fur- 
face of  the  eledric  in  contad  with  it  ; and  a difeharge 
is  eafily  made  by  forming  a communication  with  any 
condudor  from  one  coating,to  the  other.  If  the  oppo- 
lite  coatings  approach  too  near  each  other,  the  eledric 
matter  forces  a paffage  from  one  furface  to  the  other 
before  the  charge  is  complete.  And  fome  kinds  of  glafs 
have  the  property  of  conduding  the  eledricity  over  the 
furface,  fo  that  they  are  altogether  unfit  for  the  opera- 
tion of  charging  and  difeharging.  If  indeed  the  charge 
be  too  high,  and  the  glafs  plate  or  phial  too  thin,  the 
attradion  between  the  two  oppofite  eledricities  forces  a 
paffage  through  the  glafs,  making  a fpontaneous  dif- 
eharge, and  the  glafs  becomes  unfit  for  farther  ufe.  See 
QonduBors,  Eledrics,  Leyden  Phial,  Sic. 

Charge,  in  Gunnery,  the  load  of  a piece  of  ord«. 
Bance,  or  the  quantity  of  powder  and  ball,  or  ftiot,  with 
which  it  is  prepared  for  execution. 

The  charge  of  powder,  for  proving  guns,  is  equal  to 
the  weight  of  the  ball ; but  forfervice,  the  charge  is^  or  |- 
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the  weight  of  the  ball,  or  ftill  lefs  ; and  indeed  in  moft 
cafes  of  fervice,  the  quantity  of  powder  ufed  is  too  great 
for  the  intended  execution.  In  the  Britifti  navy,  the 
allowance  for  32  pounders  is  but  of  the  weight  oi 
the  ball.  But  it  is  probable  that,  if  the  pov/der  in  all 
ftiip  guns  was  reduced  to  | the  weight  of  the  ball,  or 
even  lefs,  it  would  be  a confiderable  advantage,  not  only 
by  faving  ammunition,  but  by  keeping  the  guns  cooler 
and  quieter,  and  at  the  fame  time  more  effedually  injur- 
ing the  veffels  of  the  enemy.  With  the  prefent  allow- 
ance of  powder,  the  g*uns  are  heated,  and  their  tackle 
and  furniture  ftrained,  and  all  this  only  to  render  the  ball 
lefs  efficacious  : for  a ball  which  can  but  juft  pafjj 
through  a piece  of  timber,  and  in  the  paffage  lofes  almoft 
all  its  motion,  is  found  to  rend  and  fradlure  it  much 
more,  than  when  it  paffes  through  with  a much  greater 
velocity.  See  Robins’s  Tradls,  vol.  i.  pa.  290,  291. 

Again,  the  fame  author  obferyes,  that  the  charge  is 
not  to  be  determined  by  the  greateft  velocity  that  maybe 
produced  ; but  that  it  fhould  be  fuch  a quantity  of 
powder  as  will  produce  the  leaft  velocity  nccefl'ary  for 
the  pui-pofe  in  view  and  if  the  windage  be  moderate, 
no  field-piece  fhould  ever  be  loaded  with  more  than  L 
or  at  the  utmoft  ^ of  the  weight  of  its  ball  in  powder  ; 
nor  fhould  the  charge  of  any  battering  piece  exceed  ^ of 
the  weight  of  its  buUet.  Ib.  pa.  266. 

Different  charges  of  powder,  with  the  fame  weight 
of  ball,  produce  different  velocities  in  the  ball,  which 
are  in  the  fubdiiplicate  ratio  of  the  weights  of  powder  ; 
and  when  the  weight  of  powder  is  the  fame,  and  the  ball 
varied,  the  velocity  produced  is  in  the  reciproc^d  fubdu- 
plicate  ratio  of  the  weight  of  the  ball : which  is  agree- 
able both  to  theory  and  pra6lice.  See  my  paper  on 
Gunpowder  in  the  Philof.  Tranf.  1778,  pa.  50;  and  my 
Traffs,  vol,  I.  pa.  266. 

But  this  is  on  a fiippofition  that  the  gun  is  of 
an  indefinite  length  ; whereas,  on  account  of  the  li- 
mited length  of  guns,  there  is  fome  variation  from  this 
law  in  pra61;ice,  as  well  as  in  theory  ; in  confequence  of 
which  it  appears  that  the  velocity  of  the  ball  increafes 
with  the  charge  only  to  a certain  point,  which  is  peculiar 
to  each  gun,  where  the  velocity  is  the  greateft ; and  that 
by  farther  increafing  the  charge,  the  velocity  gradually 
diminifhes,  till  the  bore  is  quite  full  of  powder.  By  an 
eafy  fluxionary  procefs  it  appears  that,  calling  the  length 
of  the  bore  of  the  gun  b,  the  length  of  the  charge  pro- 


ducing the  greateft  velocity,  ought  to  ^ 

or  about  | of  the  length  of  the,  bore  ; where. 
2‘7i828i828  is  the  number  whofe  hyp.  log.  is  i.  But, 
for  feveral  reafons,  in  pracftice  the  length,  of  the  charge 
producing  the  greateft  velocity,  falls  fhort  of  that  above 
mentioned,  and  the  more  fo  as  the  gun  is  longer..  From 
many  expaaments  I have  found  the  length  of  the  chgre 
producing  the  gi-eateft  velocity,  in  guns  of  various 
lengths  of  bore,  from  15  to  40  calibres,  as  follows . 


Length  of  Bore 
in  Calibre!) . 


Length  of  Charge 
for  greateft  Veloc. 


15 

20 

30 

40 
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CHARLESES  WAIN,  a name  bv  winch  fome  of 
the  aftronomical  writers,  ii;  our  own  language,  have  , 
called  Urfa  Major,  or  the  great  bear ; though  fome 
writers  faj'  the  lefier  bear.  Indeed  both  of  the  two 
bears  have  been  called  waggons  or  wains,  and  by  tlie 
Latins,  who  have  followed  the  Arabians,  two  biers, 
Feretrum  majus  & minus. 

CHART,  or  Sea-Chart,  a hydrographical  or  fea- 
map,  for  the  ufe  of  navigators  ; being  a projeclion  of 
fome  part  of  the  fea  in  piano,  (hewing  the  fea  coails, 
rocks,  funds,  bearings,  &c.  b’ournier  afcribes  tlie  in- 
vention of  fea-charts  to  Henry  fon  of  John  king  ot  Por- 
tugal. Thefe  charts  are  of  various  kinds,  the  Plain  chart, 
Mercator’s  or  Wright’s  chart,  the  Globular  chart,  «S:c. 

In  the  conlirudlion  of  charts,  p-reat  care  (hould  be 
taken  that  the  feveral  parts  of  them  preferve  their  po- 
fition  to  one  another,  m the  fame  order  as  on  the  earth  ; 
and  it  is  probable  that  the  finding  out  of  proper  methods 
to  do  this,  gave  rife  to  the  various  modes  of  projetfion. 

There  are  many  ways  of  conllrudling  maps  and 
charts  ; but  they  depend  chiefly  on  two  principles. 
Firft,  by  conudering  the  earth  as  a large  extended  flat 
furface  ; and  the  charts  made  on  this  fuppofition  are 
iifually  called  Plain  Charts.  Secondly,  by  confidering 
the  earth  as  a fphere  ; and  the  charts  made  on  this  prin- 
ciple are  fometimes  called  Globular  Charts,  or  Merca- 
tor’s Charts,  or  Reduced  Charts,  or  Proje6led  Charts. 

Plain  Charts  have  the  meridians,  as  well  as  the  paral- 
lels of  latitude,  drawn  parallel  to  each  other,  and  the 
degrees  of  longitude  and  latitude  everywhere  equal  to 
thofe  at  the  equator,  i^nd  therefore  fuch  charts  mull 
be  deficient  in  feveral  refpe<fts.  For,  ill,  (ince  in  reality 
all  the  meridians  meet  in  the  poles,  it  is  abfurd  to  re- 
prefent  them,  efpecially  in  large  charts,  by  parallel  right 
lines.  2dly,  As  plain  charts  ihew  the  degrees  of  the  fe- 
veral parallels  as  equal  to  thpfe  of  the  equator,  therefore 
the  diilances  of  places  lying  eaft  and  well,  mull  be  repre- 
fented  much  larger  than  they  really  are.  And  3dly,  In 
a plain  chart,  while  the  fame  rhumb  is  kept,  the  veflTel 
appears  to  fail  on  a great  circle,  which  is  not  really  the 
cafe.  Yet  plain  charts  made  for  a fmall  extent,  as  a 
few  degrees  in  length  and  breadth,  may  be  tolerably  ex- 
a6l,  efpecially  for  any  part  within  the  torrid  zone  ; 
and  even  a plain  chart  made  for  the  whole  of  this  zone 
will  differ  but  little  from  the  truth. 

Mercator's  Charts  like  the  plain  charts,  has  the  meri- 
dians reprefented  by  parallel  right  lines,  and  the  de- 
grees of  the  parallels,  or  longitude,  everywhere  equal  to 
thofe  at  the  equator,  fo  that  they  are  increafed  more 
and  more,  above  their  natural  fize,  as  they  approach  to- 
W'ards  the  pole  ; but  then  the  degrees  of  tlie  meridians, 
CT  of  latitude,  are  increafed  in  the  famie  proportion  at 
the  fame  part ; fo  that  the  fame  proportion  is  prefeiwcd 
between  them  as  on  the  globe  itfelf.  This  chart  has 
its  name  from  that  of  the  author,  Girard  Mercator, 
who  firfl  propofed  it  for  ufe  in  the  year  155^,  and  made 
the  firfl  charts  of  this  kind;  though  they  were  not  al- 
together on  true  or  exa6l  principles,  nor  does  it  ap- 
pear that  he  perfc^lly  underllood  them.  Neither  Indeed 
was  the  thought  originally  his  own,  viz.  of  length- 
ening the  degrees  of  the  meridian  in  fome  proportion  s 
for  this  was  hinted  by  Ptolemy  near  two  thoufand  year; 
ago.  It  was  Hot  perfeded  however  till  Mr.  Wright 


firfl  demonflrated  it  about  the  year  1 5*90,  and  lliewed  a 
ready  way  of  conflru6ting  it,  by  enlarging  the  meridian 
line  by  the  continual  addition  of  the  fecants*.  See  his 
Correblion  of  Errois  in  Navigation,  publifhed  in  1599. 

Globular  Charts  is  a projection  fo  called  from  the  con- 
formity it  bears  to  the  globe  itfelf ; and  was  propofed 
by  MeflTrs  Senex,  Wilfon,  and  Harris.  This  is  a meri- 
dional projeClion,  in  which  the  parallels  are  cquidiflant 
circles,  having  the  pole  for  their  common  centre,  and 
the  meridians  curvilinear  and  inclined,  fo  as  all  to  meet 
in  tlie  pole,  or  com.mon  centre  of  the  parallels.  By 
which  means  the  feveral  parts  of  the  earth  have  their 
proper  proportion  of  magnitude,  diflance,  and  iituation, 
nearly  the  lame  as  on  the  globe  itfelf  ; which  renders  it 
a good  method  for  geographical  maps. 

Hydrographical  Chat  is^  are  ilmets  of  large  paper,  on 
which  feveral  parts  cf  the  land  and  fea  are  deferibed, 
with  tlieir  refpeclive  coafls,  haibouis,  founds,  fiats, 
rocks,  flielves,  lands,  &:c,  alfo  the  points  of  the  compafs, 
and  the  latitudes  and  longitudes  of  the  places. 

Selcncgraphic  Charts,  are  particular  defo  iptions  of  the 
appearances,  fpots  and  maculas  of  the  moon'. 

'Topographic  Charts,  are  draughts  of  fome  fmall  parts 
only  of  the  earth,  or  of  fome  particular  place,  without 
regard  to  its  relative  fituation,  as  L(>ndon,  York,  &:c. 

For  the  CouilruClion  of  Charts,  fee  Geograph v, 
Maps,  Projection,  &c, 

CFIASE,  of  a Gun,  is  its  bore  or  cylinder. 
CHAULNES  (The  Duke  De),  a peer  of  France, 
but  more  honourable  and  remarkable  as  an  aflronomcr 
and  mathematician.  Hewasborn  atParisDec.  30,1714, 
He  foon  difeovered  a fingular  talle  and  genius  for  the 
fciences  ; and  iu  the  tumults  of  armies  and  camps,  he 
cultivated  mathematics,  aflronomy,  meclianics,  &c.  He 
was  named  honorary-aeademician  the  27th  of  February 
1743,  and  few  members  were  m.ore  punblual  in  attend- 
ing the  meetings  of  that  body  ; where  he  often  brought 
different  conllruftions  and  correblions  of  inflruments  of 
aflronomy,  of  dioptrics,  and  achromatic  telefcopes. 
Thefe  refearches  were  followed  with  a new  parallaiBiG 
machine,  more  folid  and  convenient  than  thofe  that  were 
in  ufe  ; as  alfo  with  many  rcfle<flions  on  the  manner  of 
applying  the  micrometer  to  thofe  telefcopes,  and  of  rnea.- 
furing  exaflly  the  value  of  the  parts  of  that  iiiflrument. 
The  diikeot  Chaulnes  propofed  many  other  works  of  the 
fame  kind,  when  death furpriied  him  the  23d  Sept.  1769. 

He  had  feveral  papers  piiblifl\ed  in  the  volumes  of 
Memoirs  of  the  Academy  of  Sciences,  as  follow  ; 

1.  Obfervations  on  fome  Experiments  in  the  4th  part 
of  the  2d  book  of  Newton’s  Optics  : an.  1755. 

2.  Obfervations  on  tlic  Platform  for  dividing  jnathe- 
matical  inflruments  : 1765. 

3.  Determination  of  the  diflance  of  Arflurus  froiu 
the  Sun’s  limb,  at  the  fiimmer  (olflice  : i 765. 

4.  On  fome  means  of  perfetling  aflrouomical  inftru- 
ments : 1765. 

5.  O fome  experiments  relative  to  dioptrics  : 1767. 

6.  The  art  of  dividing  mathematical  inflruments  : 
1768. 

7.  Obfervations  of  tlieTranfit  of  Venus,  June  3, 1769: 

8.  New  method  of  dividing  mathematical  and  aflro- 
nomical  inflruments. 

N n 2 CHAUSE 
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CHAUSE  TRAPPES,  or  Caltrops^  or  Crowsfeet, 
are  iron  inftruments  of  fpikes  about  4 inches  long,  made 
like  a liar,  in  fuch  a manner  that  whichever  way  they 
fall,  one  point  Hands  always  upwards,  like  a nail.  They 
are  ufiially  thrown  and  fcattered  into  moats  and  breach- 
es, to  gall  the  horfes  feet,  and  Hop  the  hally  approach 
of  the  enemy, 

CHAZELLES  (John  Matthew),  a French 
mathematician  and  engineer,  was  born  at  Lyons  in 
1657,  and  educated  there  in  the  college  of  Jefuits,  from 
whence  he  removed  to  Paris  in  1675,  be- 

came acquainted  with  Du  HaiTel,  fecretary  to  the 
Academy  of  Sciences,  and  through  him  with  Caffini, 
who  employed  him  with  himfelf  at  the  Obfervatoiy, 
wFa-e  Chazelles  greatly  improved  himfelf,  and  alfo  af- 
lifted  Caffini  in  the  meafurement  of  the  fouthern  part 
of  the  meridian  of  France.  Flaving,  in  1684,  inftrudted 
the  duke  of  Monteraar  in  the  mathematical  fciences, 
this  nobleman  procured  him  the  appointment  of  hydro- 
'graphy-profeffor  to  the  galleys  of  Marfeilles.  In  dif- 
charging  the  duties  of  this  department,  he  made  nu- 
merous geometrical  and  aftronomical  obfervations,  from 
which  he  drew  a new  map  of  the  coaft  of  Provence. — • 
He' alfo  performed  many  other  fervices  in  that  depart- 
ment, and  as  an  engineer,  along  with  the  armies  and 
naval  expeditions.  To  make  obfervations  in  Geogra- 
phy and  Aftronomy,  he  undertook  alfo  a voyage  to  the 
Levant,  and*  among  other  things  he  meafured  the  py- 
ramids of  Egypt,  and  found  the  four  Tides  of  the  largeft 
of  them  exadlly  to  face  the  four  cardinal  points  of  the 
compafs.  He  made  a report  of  his  voyage,  on  his  re- 
turn, to  the  Academy  of  Sciences,  upon  which  he  w'as 
named  a member  of  their  body  in  1695,  and  had  many 
papers  inferted  in  the  volumes  of  their  Memoirs,  from 
1693  to  1708.  Chazelles  died  at  Marfeilles  the  i6th 
of  January  1710. 

CHEMIN  Jes  Ronds.,  in  Fortification,  the  way  of 
the  rounds,  or  a fpace  between  the  rampart  and  the 
low  parapet  under  it,  for  the  rounds  to  go  about  it. 

CHEMISE,  a wall  that  lines  a baftion,  or  ditch,  or 
the  like,  for  its  greater  fupport  and  ftrength. 

CHERSONESUS,  a peninfula,  or  part  of  the  land 
almofl  encompaffed  round  with  the  fea,  only  joining  to 
the  main  land  by  a narrow  neck  or  iflhmus.  Varenius 
enumerates  14  of  thefe. 

CFIEVAL  de  Frife,  pi.  Chevaux  de  Frife,  or  FnTe- 
land  horfe,  fo  called  becaufe  It  was  firft  ufed  in  that 
country.  It  confiils  of  a joift  or  piece  of  timber, 
about  a foot  in  diameter,  and  10  or  12  long,  pierced 
and  tranfverfed  with  a great  number  of  wooden  fpikes 
of  5 or  6 feet  long,  and  armed  or  pointed  with  iron. 
It  is  fometimes  alfo  called  turnpike,  or  tourniquet.  It  is 
chiefly  ufed  to  flop  a breach,  defend  a paffage,  or  make 
a retrenchment  to  Hop  the  cavalry. 

CHEVRETTE,  in  Artillery,  an  engine  to  raife 
guns  or  mortars  Into  their  carriage.  It  is  formed  of 
two  pieces  of  wood  of  about  4 feet  long,  Handing  up- 
right upon  a third,  which  is  fqiiare.  The  uprights  are 
about  a foot  afimdcr,  and  pierced  with  holes  exa6lly 
oppofite  to  one  another,  to  receive  a bolt  of  iron,  which 
is  put  in  either  higher  or  lower  at  pleafure,  to  ferve  as 
a fupport  to  a handfpike  by  which  the  gun  is  raifed 
wp* 
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CHEYNE  (George),  a Britifli  phyHcian,  and  ma- 
thematician, was  born  in  Scotland,  1671,  and  educated 
at  Edinburgh  under  Dr.  Pitcairn.  He  pafled  his 
youth  in  ciofe  Hudy  and  great  abHemioufnefs  ; but 
coming  to  London,  when  about  30  years  of  age,  he 
fuddenly  changed  his  whole  manner  of  living ; which 
had  fuch  an  effecl  upon  his  conHitution,  that  his  body 
grew  to  a moH  enormous  bulk,  weighing  it  is  faid 
about  448  pounds.  From  this  load  of  opprefHon  how- 
ever he  was  afterward  in  a great  meafure  relieved,  by 
means  of  a milk  and  vegetable  diet,  which  reduced  his 
W'cight  to  about  one-third  of  what  it  had  been,  and  re- 
Hored  him  to  a good  Hate  of  health  ; by  which  his  life 
w^as  prolonged  to  the  7 2d  year  of  his  age. 

Dr.  Cheyne  w-^as  author  of  various  medical  and  other 
trads,  and  of  a treatife  on  the  Inverfe  method  of 
Fluxions,  under  the  title  of  Flumonum  Methodus  Inver- 
fa  ; five  quantitatum  fuentium  leges  general} ores  : in  4to, 
1703.  Upon  this  book  De  Moivre  wrote  fome  an i- 
madverfions  in  an  8vo  vol.  1704;  which  were  replied 
to  by  Cheyne  in  1705. 

CHILIAD,  an  affemblage  of  feveral  things  ranged 
by  thoufands.  It  w^as  particularly  applied  to  tables  of 
logarithms,  becaufe  they  were  at  HrH  divided  into  thou- 
fands. Thus,  in  the  year  1624,  Mr.  Briggs  publifhed 
a table  of  logarithms  for  20  chiliads  of  abfolute  num- 
bers; afterw^ard,  he  publihed  10  chiliads  more;  and 
laHly,  one  more  ; making  in  all  3 1 chiliads. 

CHILIAGON,  a regular  plane  figure  of  a thoufand 
fides  and  angles. 


CHORD,  a right  line  coniieding  the  two  extremes 
of  an  arch  ; fo  called  from  its  refemblance  to  the  chord 
or  firing  of  a bow  ; as  AB,  which  is  common  to  the 
two  parts  or  arches  ADB,  AEB  that  make  up  the 
whole  circle.  The  chords  have  feveral  properties  : 

1.  The  Chord  is  bifeded  by  a perpendicular  CF 
drawm  to  it  from  the  centre. 

2.  Chords  of  equal  arcs,  in  the  fame  or  equal  circles, 
are  tliemfelves  equal. 

3.  Unequal  Chords  have  to  one  another  a lefs  ratio 
than  that  of  their  arcs, 

4.  The  chord  of  an  arc,  is  a mean  proportional  be* 
tween  the  diameter  and  the  verfed  fine  of  that  arc. 

Seale  or  Fine  of  Chords.  See  Plane  Scale. 

Chord,  or  Cord,  in  Mufic,  denotes  the  firing  ov. 
line  by  wdiofe  vibrations  the  fenfation  of  found  is  ex* 
cited ; and  by  whofe  divifions  the  feveral  degrees  o- 
tune  are  determined. 

Fo  divide  a Chord  AB  in  the  mof  f tuple  manner,  fo  as 
to  exhibit  all  the  original  concords. 

A C E D B 
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Divide  tKe  given  line  into  two  equal  parts  at  C ; the^n 
fubdivide  the  part  CB  equally  in  two  at  D,  and  again 
the  part  CD  into  two  equal  parts  at  E.  Here  AC  to 
AB  is  an  oftave  ; AC  to  AD  a fifth  ; AD  to  AB  a 
fourth;  AC  to  AE  a greater  third,  and  AE  to  AD  a 
lefs  third  ; AE  to  EB  a greater  fixth,  and  AE  to  AB 
a lefs  fixth.  Malcolm’s  Treatile  of  Mufic,  ch.  6.  fee.  3. 
See  Monochord. 

‘To  Jind  the  number  of  Vibrations  made  by  a Mufical 
Chord  or  String  In  a given  time  ; having  given  its  weight, 
length,  and  tenfion.  Let  / be  the  length  of  the  chord 
in  feet,  i its  weight,  or  rather  a fmall  weight  fixed  to 
the  middle  and  equal  to  that  of  the  whole  chord,  and 
eiv  the  tenfion,  or  a weight  by  which  the  chord  is 
ftretched.  Then  fhall  the  tmie  of  one  vibration  be  ex- 


preffed  by  jJ — , and  confequently  the  number 


32 

of  vibrations  per  fecond  is  equal  to  y'  ^ 

For  example,  fuppofe  vu  = 28800,  or  the  tenfion 
equal  to  28800  times  the  weight  of  the  chord,  and  the 
length  of  it  3 feet ; then  the  lall  theorem  gives  354 
nearly  for  the  number  of  vibrations  made  in  each  fecond 
of  time. 

But  if  nu  were  14400,  there  would  be  made  but  250 
vibrations  per  fecond;  and  if  rv  were  only  288,  there 
would  be  no  more  than  35.ff  vibrations  per  fecond. 
See  my  Seledl  Exerc.  prob.  21.  pag.  200- 

Chord,  in  Mufic,  is  ufed  for  the  union  of  two  or 
more  founds  uttered  at  the  lame  time,  and  forming  to- 
gether a complete  harmony. 

Chords  are  divided  into  perfeef  and  imperfedl.  The 
perfeef  chord  is  compofed  of  the  fundamental  found 
below,  of  its  third,  its  fifth,  and  its  odlave  : they  are 
likewife  fubdivided  into  major  and  minor,  according  as 
the  thirds  which  enter  into  their  compofition  are  flat 
or  lharp.  Imperfect  chords  are  thofe  in  which  the 
fixth,  inltead  of  the  fifth,  prevails;  and  in  general  all 
thofe  whofe  lowed  are  not  their  fundamental  founds. 

Chords  are  again  divided  into  confonances  and  dif- 
fonances.  The  confonances  are  the  perfect  chord,  and  its 
derivatives.  Every  other  chord  is  a dilfonance.  A table 
©f  both,  according  to  the  fyflem  of  M.  Rameau,  may 
be  feen  in  Rouffeau’s  Mufical  Didtionaiy,  vol.  i,  pa.  27. 

CHOROGRAPFIY,  the  ait  of  delineating  or  de- 
feribing  fome  particular  country  or  province. 

This  differs  from  geography  as  the  defeription  of 
a particular  country  differs  from  that  of  the  whole 
earth;  And  from  topography,  as  the  defeription  of  a 
country  differs  from  that  of  a town  or  a diflridt. 

CHROMATIC,  a fpecies  of  mufic  which  proceeds 
by  femitones  and  minor  thirds.  The  word  is  derived 
from  the  Greek  which  fignifies  colour,  and  per- 

haps the  fhade  or  intermediate  lhades  of  colour,  which 
mingle  and  conneft  colours,  like  as  the  fmall  intervals 
in  this  fcale  eafily  Hide  or  run  into  each  other, 

Boethius  and  Zarlin  aferibe  the  invention  of  the 
chromatic  genus  to  Timotheus,  a Milelian,  in  the  time 
of  Alexander  the  Great.  The  Spartans  banifhed  it 
their  city  on  account  of  its  foftnefs.  The  charadfer  of 
this  genus,  according  to  Ariflides  QuintiUianus,  was 
fiveetnefs  and  pathos,. 


CHROMATICS,  is  that  part  of  optics  which  ex- 
plains the  feveral  properties  of  the  colours  of  light,  and 
of  natural  bodies. 

Before  the  time  of  Sir  I.  Newton,  the  notions  con- 
cerning colour  w'ere  very  vague  and  wild,  d he  Pytlia- 
goreans  called  colour  the  fuperficies  of  bodies  : Plato 
laid  that  it  w'^as  a flame  ifluMig  from  them  : According  to 
Zeno,  it  is  the  firfl  configuration  of  matter  : And  Arif- 
totle  faid  it  w^as  that  which  made  bodies  adtually  trani- 
parent.  Defcartes  accounted  colour  a modification  or. 
light,  and  he  imagined  that  the  difference  of  colour  pro- 
ceeds from  the  prevalence  of  the  direct  or  rotatory  mo- 
tion of  the  particles  of  light.  Grimaldi,  Dechales,  and 
many  others,  imagined  that  the  differences  of  colour  de- 
pended upon  the  quick  or  flow  vibrations  of  a certain 
elalb’c  medium  wdth  wliich  the  univerfe  is  filled.  Ro- 
hault  conceived,  that  the  different  colours  were  made 
by  the  rays  of  light  entering  the  eye  at  diflerent  angl(is 
w’lth  refpecl  to  the  optic  axis.  And  Dr.  Hooke  ima- 
gined that  colour  is  caufed  by  the  fenfation  of  the  ob- 
lique or  uneven  puUe  of  light  ; which  being  capable  of 
no  more  than  two  varieties,  he  concluded  there  could 
be  no  more  than  twm  primary  colours. 

Sir  I.  New'ton,  in  the  year  1666,  began  to  Invefligate 
this  fubjeft  ; when  finding  that  the  coloured  image  ot 
the  fun,  formed  by  a glafs  prilm,  was  of  an  oblong,  and 
not  of  a circular  fornr^  as,  according  to  the  laws  of  equal 
refraefion,  it  ought  to  be,  he  conjectured  that  light  is 
not  homogeneal ; but  that  it  confifls  of  rays  of  dillerent 
colours,  and  endued  with  divers  degrees  of  refranglbi- 
lity.  And,  from  a farther  profecution  of  his  experi- 
ments, he  concluded  that  the  different  colours  of  bodies 
arife  from  their  reflecling  this  or  that  kind  of  rays  moil 
copioufly.  This  method  of  accounting  for  the  difler- 
ent colours  of  bodies  foon  became  generally  adopted, 
and  flill  continues  to  be  tlie  moil  prevailing  opinion.  It 
is  hence  agreed  tliat  the  liglit  of  the  fun,  winch  to  us 
feems  wflilte  and  perfeclly  homogeneal,  is  cornpoled  of 
no  fewer  than  feven  different  colours,  viz  red,  orange, 
yellow,  green,  blue,  purple,  and  violet  or  indigo  : that 
a body  which  appears  of  a red  colour,  has  the  proj^erty 
of  reflecting  the  red  rays  more  plentiiully  than  the  rell ; 
and  fo  of  the  other  colours,  the  orange,  yellow,  green, 
&c  : alfo  that  a body  which  appears  black,  iiiflead  of 
reflecting,  abforbs  all  or  the  molt  j>art  (jf  the  rays  that 
fall  upon  it  ; wdiile,  on  the  contrary,  a body  wliich  ap- 
pears white,  refle6ts  the  greateft  part' of- all  the  rays  in- 
dlfcriminately,  w'lthout  feparating  them  one  from  ano- 
ther. 

The  foundation  of  a rational'theory  of  Colours  being 
thus  laid,  the  next  Inquiry  was,  by  what  peculiar  me- 
chanifm,  in  the  ftruCture,  of  each  particular  body,  it 
w'as  fitted  :to  refleCt  one  kind  of  rays  more  than  another  5.  , 
and  this -is  attributed,  by  Sir  I.  Newton,  to  the  dcnlity 
of  thefe  bodiesr  Dr,  Hooke  had  remarked,  that  thin 
tranfparent  fub fiances,  particularly  foap-water  blown 
into  bubbles,  exhibited  various  colours,  according  to 
their  thinnefs  ; and -yet,  when  they  have  a-coiifiderable 
degree  of  thicknefs,  they  appear  colourlefs.  And  Sir 
Ifaac  himfelf  had  obferved,  that  as  he  wms  com-- 
preffing  two  prltms  hard  together,  in  order  to  make 
their  Tides  (which  happened  to  be  a little  convex)  to 
touch  one  another,  in  the  place  of  contaCl  they  were 

both , 


C H R 


1 

j 


C H R 


C 278 

both  perfcflly  tranfoarent,  as  if  they  had  been  hut  one 
continued  piece  of  gldfs;  but  round  the  point  of  contaff, 
where  the  glaffes  were  a little  fcparated  from  each 
other,  rings  of  different  colours  appeared.  And  v/hen 
he  afterwards,  farther  to  elucidate  this  matter,  employ- 
ed two  convex  glaffes  of  telefcopes,  preffing  their  con- 
vex fides  upon  one  another,  lie  obferved  feveral  feries  of 
circles  or  rings  of  fuch  colours*,  different,  and  of  various 
intenfities,  according  to  their  diilance  from  the  com- 
mon central  pellucid  point  of  contatl. 

As  the  colours  were  thus  found  to  vary  according  to 
he  different  dilfances  between  the  glafs  plates,  Sir  Ifaac 
conceived  that  they  proceeded  from  the  different  thick- 
iiefs  of  the  plate  of  air  intercepted  between  the  glaffes  ; 
this  plate  of  air  being,  by  the  mere  circumftance  of 
thinnefs  or  thieknefs,  difpofed  to  refledl  or  tranfmit  the 
rays  of  this  or  that  particular  colour.  Hence  therefore 
he  concluded,  that  the  colours  of  all  natural  bodies  de- 
pend on  their  denlity,  or  the  magnitude  of  their  com- 
ponent particles  : and  hence  alfo  he  conftrudled  a table, 
in  which  the  thieknefs  of  a plate  neceffary  to  refieef  any 
particular  colour,  was  expreffed  in  millionth  parts  of  an 
inch. 

Froni  a great  variety  of  fuch  experiments,  and  ob- 
fervations  upon  them,  our  author  deduced  his  theory 
of  colours.  And  hence  it  feems  that  every  fubftance 
in  nature  is  tfanfparent,  provided  it  be  made  fufficiently 
thin  ; as  gold,  the  denfeff  fubftance  v/e  know  of,  when 
reduced  into  thin  leaves,  tranfmits  a bluifli-green  light 
through  it.  If  we  fuppofe  any  body  therefore,  as  gold 
for  inffance,  to  be  divided  into  a vaff  number  of  plates, 
fo  thin  as  to  be  almoft  perfecfly  tranfparent ; it  is  evi- 
dent that  all,  or  the  greateft  part  of  the  rays,  will  pafs 
through  the  upper  plates,  and  when  they  lofe  their 
force  will  be  refledfed  from  the  under  ones.  They  will 
then  have  the  fame  number  of  plates  to  pafs  through 
which  they  had  penetrated  before  ; and  thus,  according  • 
to  the  number  of  thole  plates  through  which  they  are 
obliged  to  pafs,  the  objedf  appears  of  this  or  that  colour, 
juft  as  the  rings  of  colours  appeared  different  in  the  ex- 
periment of  the  two  plates,  according  to  their  diftance 
from  one  another,  or  the  thieknefs  of  the  plate  of  air 
between  them. 

This  theory  of  the  colours  has  been  illuftrated  and 
confirmed  by  various  experiments,  made  by  other  phy- 
Jofophers.  Mr.  T.  H.  Deiavai  produced  limilar  effedfs 
by  the  infufions  of  flowers  of  different  colours,  and  by 
the  intimate  mixture  of  the  metals  with  the  lubftance 
of  glafs,  when  th.ey  .are  reduced  to  very^  fine  parts  ; the 
more  denfe  nrietals  imparting  to  the  glafs  the  lefs  refran- 
gible colours,  and  tlie  lighter  ones  thole  colours  that  are 
more  g'afily  refrangible.  Dr.  Prieftley  and  Mr.  Canton 
elfo,  by  laying  very  thin  leaves  or  flips  of  the  metals  upon 
glafs,  ivory,  wood,  or  metal,  and  paffing  an  eledirical 
ftroke  through  them,  found,  that  the  fame  effedf  was 
produced,  viz,  that  the  fubftrated  was  tinged  with  dif- 
ferent colours,  according  to  the  diftance  from  the  point 
of  explofion. 

However,  the  Abbe  Mazeas  and  M.  du  Tour  con- 
tended, that  the  colours  between  the  glaffes  are  not  to 
be  aferibed  to  the  thin  ffratum  of  air,  fince  they  equally 
produced  them  by  rubbing  and  preffing  together  two 
flat  glaffes,  which  cohered  fo  clofely  that  it  required 


the  greateff  force  to  move  or  Aide  them  over  one  ano- 
ther. See  Prieftley ’s  Hiftoiy  of  Viilon. 

Of  Nekton  s Stb  Kxper,  hi  the  2d  Book  of  Optics, 

■ The  event  of  this  experiment,  which  has  been  con- 
tradidted  by  repetitions  of  the  fame  by  otiier  philofo- 
phers,  having  been  the  occaiion  of  much  controverfy; 
and  relating  to  a material  part  of  the  dodtrine  of  chro- 
matics, it  will  not  be  improper  here  to  give  an  account 
of  what  has  paffed  concerning  it.  Nev/ton  found,  he 
fays,  that  when  light,  by  contrary  refractions  through 
differentmediums,is  fo  corredled,  that  it  emerges  in  lines 
parallel  to  the  incident  rays,  it  continues  ever  after  to 
be  white.  But  that  if  the  emergent  ravs  be  inclined 
to  the  incident  ones,  the  v/hitenefs  of  the  emerging 
light  will,  by  degrees,  in  paffing  on  from  tiie  place  of 
emergence,  become  tinged  at  its  edges  with  colours,. 
And  tliefe  laws  he  inferred  from  experiments  made  by 
refradling  light  with  prifms  of  glais,  placed  within  a 
prifmatic  veffel  of  water. 

By  theorems  deduced  from  this  experiment  he  infers, 
that  the  refradlion  of  the  rays  of  every  fort,  made  out 
of  any  medium  into  air,  are  known  by  having  the  re- 
fradlion of  the  rays  of  any  one  fort : and  alfo,  that  the 
refradlion  out  of  one  medium  into  another  is  found, 
whenever  we  have  the  refradlions  out  of  them  both, 
into  any  third  medium. 

Now  the  fame  experiment,  when  fince  performed  by 
other  perfons,  turning  out  contrary  to  what  is  ftated 
above,  fome  rather  free  refledlions  have  been  thrown 
upon  Newton  concerning  it ; but  which  however  have 
been  very  fatisfadlorily  obviated  by  Mr.  Peter  Dollond, 
in  a late  pamphlet  on  tb.is  fubjedl ; as  we  fhall  (hew 
below. 

In  the  firft  place  then,  M.  Klingenftierna,  a Swedifh 
philofopher,  having  in  the  year  1755  confidered  the 
controverfy  between  Euler  and  Mr.  John  Dollond,  re- 
lative to  the  refradlion  of  light,  formed  a theorem  of 
his  own,  from  geometrical  reafoning,  by  which  he  was 
induced  to  believe  that  the  refiilt  ot  Newton’s  experi- 
ment could  not  be  as  he  had  related  it  ; except  when 
the  angles  of  the  refradling  mediums  are  fmall.  See 
the  paper  on  thjs  matter  by  Klingenftierna  in  the  pam- 
phlet above  cited  by  Mr.  Peter  Dollond. 

This  paper  of  Klingenftierna  being  communicated  to 
Mr.  John  Dollond  by  Mr,  Mallet,  to  whom  it  was  fent 
for  that  purpofe,  made  Dollond  entertain  doubts  con- 
cerning Newton’s  report  of  the  refult  of  his  experi- 
ment, and  determined  him  to  have  recoiirfe  to  experi- 
ments of  his  own,  which  he  did  in  the  year  1757,  as 
follows. 

He  cemented  two  glafs  planes  together  by  their 
edges,  fo  as  to  form  a prifm.atic  veffel  when  clofed  at  the 
ends  or  bafes  ; and  the  edge  being  turned  downward, 
he  placed  it  in  a glafs  prifm  with  one  of  its  edges  up- 
ward, filling  up  the  vacancy  with  clear  water  ; fo  that; 
the  refradlion  of  the  prifm  was  contrived  to  be  contrary 
to  that  of  the  wateiy  in  order  that  a ray  of  light,  tranf- 
mitted  through  both  thefe  refradling  mediums,  might 
be  affedlcd  by  the  difference  only  between  the  two  re- 
fradlions. As  he  found  the  water  to  refradl  more  or 
lefs  than  the  glafs  prifm,  he  dirainilhed  or  augmented 
the  angle  between  the  glafs  plates,  till  the  two  contrary 
lefradlions  became  equal,  which  he  difeovered  by  view- 
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mg  an  obje£^  through  this  double  pnTm.  For  when  it 
appeared  neither  raifed  nor  depreffed,  he  was  fatisfied 
that  the  refraftions  were  equal,  and  that  the  emergent 
rays  were  parallel  to  the  incident  ones. 

Now,  according  to  the  prevailing  opinion,  he  ob- 
fer  ves,  that  the  objeft  ought  to  have  appeared  through 
this  double  prifm  in  its  natural  colour  ; for  if  the  dif- 
ference of  reirangibility  had  been  in  all  refpefts  equal, 
in  the  two  equal  refra^ions,  they  would  have  redtilied 
each  other.  But  this  experiment  fully  proved  the  fal- 
lacy of  the  received  opinion,  by  (hewing  that  the  diver- 
gency of  the  light  by  the  glafs  prifm,  was  almoft  double 
of  that  by  the  water ; for  the  image  of  the  objehl, 
though  not  at  all  refradled,  was  yet  as  much  infecled 
with  prifmatic  colours,  as  if  it  had  been  feen  through  a 
glafs  wedge  only,  having  its  angle  of  near  degrees. 

This  experiment  is  the  very  fame  with  that  of  Sir 
Ifaac  Newton  above-mentioned,  notwithilanding  the  re- 
fult  was  fo  remarkably  different.  Mr.  Dollond  plainly 
faw  however,  that  if  the  refradling  angle  of  the  water- 
vcffel  could  have  admitted  of  a fufficient  increafe,  the 
divergency  of  the  coloured  rays  would  have  been  great- 
ly dimimmed,  or  entirely  reflified ; and  that  there 
would  have  been  a very  great  refradfion  w ithout  colour, 
as  he  had  already  produced  a great  dlfcolouring  with- 
out refradlion  : but  the  inconveniency  of  fo  large  an 
angle  as  that  of  the  prifmatic  veffel  muft  have  been,  to 
bring  the  light  to  an  equal  divergency  w'itli  that  of  the 
glafs  prifm,  whofe  angle  w^as  about  60  degrees,  made 
it  neceffaiy  to  try  fome  experiments  of  the  fame  kind 
with  fmaller  angles. 

Accordingly  he  procured  a wedge  of  plate-glafs, 
whofe  angle  w-as  only  9 degrees  ; and,  ufing  it  in  the 
fame  circumftances,  he  increafed  the  angle  of  the  wa- 
ter-wedge, in  which  it  w^as  placed,  till  the  divergency 
of  the  light  by  the  w^ater  was  equal  to  that  by  the 
glafs  ; that  is,  till  the  image  of  theobjefl,  t}\ough  con- 
siderably refrafted  by  the  excefs  of  the  refraAion  of 
the  water,  appeared  nevertlielefs  quite  free  from  any 
colours  proceeding  from  the  different  refrangibility  of 
the  light. 

Many  conjedlures  were  made  as  to  the  caufe  of  fb 
ftrlking  a difference  in.  the  refults  of  the  fame  experi- 
ment ; but  none  that  gave  any  great  fatisfadlion,  till 
lately  that  it  has  been  fliewn  to  be  probably  owing  to 
'the  nature  of  the  glafs  then  ufed  by  Newton.  This 
conjefture  is  made  by  Mr,  Peter  Dollond,  fon  of  John, 
the  inventor  of  the  achromatic  telefcope,  in  a pamphlet 
by  him  lately  pr’hlifhed  in  defence  of  his  father’s  in- 
vention, tlie  mifreprefentations  of  fome  perfons 

who.  i^ve  unjuftly  attempted  to  give  the  invention  to 
’fcther  philofopliers,  who  themfelves  never  imagined  that 
they  had  any  right  to  it.  After  a full  and  fatisfadlory 
vindication  of  his  father,  Mr.  P.  Dollond  then  adds, 

“ I now  come  to  a more  agreeable  part  of  this  paper, 
which  is,  to  endeavour  to  reconcile  the  different  refults  of 
the  8th  experiment  of  the  2d  part  of  the  iff  book  of 
Newton’s  Optics,  as  related  by  himfelf,  and  as  it  was 
found  by  Dollond,  when  he  tried  the  fame  experiment,  in 
. the  year  Newton  fays,  that  light,  as  often  as  by 

contrary  refractions  it  is  fo  corrected,  that  it  emergeth 
in  lines  parallel  to  the  incident,  continues  ever  after  to 
be  v;h'ite.  Now  Dollond  fays,  when  he  tried  the  fame 


experiment,  and  made  the  mean  refra6lion  of  the  water 
equal  to  that  of  the  glafs  prifm,  fo  that  the  liglit  emer- 
ged in  lines  parallel  to  the  incident,  he  found  the  diver- 
gency of  the  light  by  the  glafs  prifm  to  be  nearly 
double  to  what  it  was  by  the  water  prifm.  The  light  ap- 
peared to  be  fo  evidently  coloured,  that  it  was  diredfly 
laid  by  fome  peiffons,  that  if  Newton  had  adlually  tried 
tlie  experiment,  he  mull  have  perceived  it  to  liave  been 
fo.  Yet  who  could  for  a moment  doubt  the  veracity' 
of  fuch  a characler  ? Therefore  different  conjeefures 
W'ere  made  by  different  perfons.  Mr.  Murdoch  in  par- 
ticular gave  a paper  to  the  Royal  Society  in  defence  of 
Newton  ; but  it  was  fuch  as  very'  little  tended  to  clear 
up  tlie  matter.  Piiilof.  Tranf.  vol.  52.  pa.  1^2.- — Some 
have  fuppofed  that  Newton  made  ufe  of  water  llrongly 
impregnated  with  laccharum  faturni,  becaufe  he  men- 
tions fometimes  ufing  fuch  water,  to  increafe  the  re- 
fia6lion,  when  he  iifed  water  prilins  inltead  of  glafs 
pnims.  Newton’s  Opt.  pa.  62. — And  others  have  lup- 
pofed,  that  be  tiied  the  experiment  witli  fo  ffrong  a 
pcrfuafion  in  liis  ov.  n mind  that  the  divergency'  of  the 
colours  was  always  in  the  fame  proportion  to  the  mean 
refra6lion,  in  all  forts  of  refracting  mediums,  that  he 
did  not  attend  fo  much  to  that  experiment  as  he  ought 
to  have  done,  or  as  he  ufiialh'  did.  None  of  thefe  fup- 
pofitions  having  appeared  at  all  fatisfacdory,  I have 
therefore  endeavoured  to  find  out  the  true  caufe  of  the 
ditferenec,  and  thereby'  fhew,  how  the  experiment  may 
be  made  to  agree  witli  Newton’s  defeription  of  it,  and 
to  get  rid  of  thofe  doubts,  which  have  hitherto  re- 
mained to  be  cleared  up.  ^ 

“ It  is  well  known,  that  in  Newton’s  time  thc  Eng- 
lifh  were  not  the  inofl  famous  for  making  optical  in-, 
fli-uments  : Telefcopes,  opcra-glaffes,.  &c,  were  import- 
ed from  Italy  in  great  numbers,  and  particularly  from 
Venice  ; where  they  maiuifaclured  a kind  of  glafs  which, 
was  much  more  proper  for  optical  purpofes  than  any 
made  in  England  at  that  time.  The  glafs  made  at 
Venice  wa^  nearly  of  the  fame  refra6tive  quality  as  our 
own  ciowivglafs,  but  of  a much  better  colour,  being 
fafficiently  clear  and  tranfparent  for  the  purpofe  of 
prifms.  It  is  probable  that  Nevyton’s  prifms  were  made 
with  this  kind  of  glafs  ; and  it  appears  to  be  the  more 
fo,  becaufe  he  mentions  the  fpecific  gravity  of  commoii 
glafs  to  be  to  water  as  2*58  to  i,  Newton’s  Opt.  pa. 
247,  which  nearly  anfvvers  to  the  fpecific  gravity  we 
find  the  Venetian  glafs  generally  to  have.  Having  a. 
very  thick  plate  of  this  kind  of  glafs,  which  was  pre- 
fented  to  me  about  25  years  ago  by  the  late  profeffor 
Allemand,  of  Leyden,  and  which  he  then  informed  me 
liad  been  made  many  years  j.  I cut  a piece  from  this 
plate  of  glafs -to  form  a prifm,  which  I conceived  would 
be  fimilar  to  tliofe  made  ufe  of  by  Newton  himfelf.  I. 
have  tried  the  Newtonian  experiment  with  this  prifm,, 
and  find  it  anfvvers  fo  nearly  to  what  Newton  , relates, 
that  the  difference  which  remains  may  very  eafdy  be 
fuppofed  to  arife  from  any  little  difference  which  luay 
and  does  often  happen  in  the  fame  kind  of  glafs  made 
at  the  fame  place  at  different  times.  Now  the  glafs 
prifm  made  ufe  of  by  Dollond  to  try  the  fame  experi- 
ment, was  made  of  Englifh  ffint-glafs,  the  fpecific' 
gravity  of  whiciv  I have  never  known  to  be  lefs  than , 
V22,  This  difference  in  the  denfities  of  the  priims, 
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iifed  by  Newton  and  Dollond,  was  fufficient  to  caufe 
all  the  difference  which  appeared  to  the  two  experimen- 
ters in  trying  the  fame  experiment. 

“ From  this  it  appears,  that  Newton  was  accurate 
in  this  experiment  as  in  all  others,  and  that  his  not  bav- 
in^ difcovered  that,  which  was  difcovered  by  Dollond 
fo  many  years  afterwards,  was  owing  entirely  to  acci- 
dent ; for  if  his  prifm  had  been  made  of  glafs  of  a 
greater  or  lefs  denfity,  he  w^ould  certainly  have  then 
made  the  difcover}'^,  and  refradling  telefcopes  would 
not  have  remained  fo  long  m their  original  imperfedf 
Itate.”  See  dichromatic,  and  'Telefcope. 

Mr,  Dehival’s  experiments  on  the  colours  of  opaque 
bodies.' — Befide  the  experiments  of  this  gentleman,  be- 
fore-mentioned, on  the  colours  of  tranfparent  bodies,  he 
has  lately  publhhed  an  account  of  fome  made  upon  the 
permanent  colours  of  opaque  hibflances,  the  difcovery 
cf  which  miift  be  of  the  utmoll  confequeiice  in  the  arts 
cf  colour-  making  and  dyeing. 

The  changes  of  colour  in  permanently  coloured  bo- 
dies, our  author  oblerves,  are  produced  by  the  fame 
laws  that  take  place  in  tranfparent  colourlefs  fub- 
Ifances ; and  the  experiments  by  which  they  are  invef- 
tigated  confdl  chiefly  of  various  methods  of  uniting 
' the  colouring  particles  into  larger  mafies,  or  dividing 
them  into  fmaller  ones.  Sir  Ifaac  Newlon  made  his 
experiments  chiefly  on  tranfparent  fubflances  ; and  in 
the  few  places  where  he  treats  of  others,  he  acknow- 
ledges his  w^ant  of  experiments.  He  makes  the  fol- 
lowing remark  however  on  thofe  bodies  which  refledf 
one  kind  of  light  and  tranfmit  another,  viz,  that  if 
thefe  glaifes  or  liquors  were  fo  thick  and  maiTy  that  no 
light  could  get  through  them,  he  queftioned  whether 
. they  wmuld  not,  like  other  opaque  bodies,  appear  of  one 
and'  the  fame  colour  in  all  pofitions  of  the  eye  ; though 
he  could  not  yet  affirm  it  from  experience.  Indeed  it 
was  the  opinion  of  this  great  philofopher,  that  all  co- 
loured matter  reflefls  the  rays  of  light,  fome  reflecting 
the  more  refrangible  rays  mofl:  copioufly,  and  others 
thofe  that  are  lefs  fo  ; and  that  this  is  at  once  the  true 
and  only  reafon  of  thefe  colours.  Fie  was  likewdfe  of 
opinion  that  opaque  bodies  reflect  the  light  from  their 
anterior  furface,  by  fome  power  of  the  body  evenly 
diffufed  over  and  external  to  it.  With  refpect  to  trans- 
parent coloured  bodies  he  thus  expreffes  himfelf ; “ A 
tranfparent  body  wdiich  looks  of  any  colour  by  tranf- 
mitted  light,  may  alfo  look  of  the  fame  colour  by  re- 
flected light ; the  light  of  that  colour  being  refledled 
by  the  farther  furface  of  that  body,  or  by  the  air  be- 
yond it : and  then  the  refleted  colour  wdll  be  diminifh- 
ed,  and  perhaps  ceafe,  by  making  the  body  very  thick, 
and  pitching  it  on  the  back-fide  to  diminilh  the  reflec- 
tion of  its  farther  furface,  fo  that  the  light  reflecSfed 
from  the  tinging  particles  may  predominate.  In  fuch 
cafes  the  colour  of  the  reflected  light  wdll  be  apt  to 
vary  from  that  of  the  light  tranfmitted.” 

To  fearch  out  the  truth  of  thefe  opinions,  Mr.  De- 
laval  entered  upon  a courfe  of  experiments  with  tranf- 
parent coloured  liquors  and  glaffes,  as  well  as  with 
opaque  and  femitranfparent  bodies.  And  from  thefe 
■experiments  he  difcovered  feveral  remarkable  proper- 
ties of  the  colouring  matter;  particularly,  that  in  tranf- 
parent coloured  fvibftances  it  does  not  refled  any  light ; 


and  when,  by  intercepting  the  light  which  was  tranf- 
mitted,  it  is  hindered  from  pafling  through  fuch  fub- 
-ftances,  they  do  not  vary  from  their  former  colour  to 
any  other,  but  become  entirely  black. 

This  incapacity  of  the  colouring  particles  of  tranf- 
parent bodies  to  refled  light,  being  deduced  from 
very  numerous  experiments,  may  therefore  be  taken  as 
a general  law.  It  wdll  appear  the  more- extenfive,  if 
it  be  confidered  that,  for  the  moft  part,  the  tinging 
particles  of  liquors,  or  other  tranfparent  fubflances, 
are  extraded  from  opaque  bodies  ; that  the  opaque 
bodies  ow'^e  their  colours  to  thofe  particles,  in  like 
manner  as  the  tranfparent  fubflances  do  ; and  that  by 
the  lofs  of  them  they  are  deprived  of  their  colours. 

Notwithftanding  thefe  and  many  other  experiments, 
the  theory  of  colours  feems  not  yet  determined  with 
certainty  ; and  it  mufl  be  acknowdedged  that  very 
ftrong  objedions  might  be  brought  againfl  every  hy- 
pothefis  on  this  fubjed  that  has  been  invented.  The 
difcoveides  of  Sir  Ifaac  New'ton  how^ever  are  fufficient 
to  juftify  the  followdng  Aphorifes. 

diphorifm  i.  All  the  colours  in  nature  arife  from 
the  rays  of  light. 

2.  There  are  feven  primary  colours,  namely  red, 
orange,  yellow,  green,  blue,  indigo,  and  violet. 

3.  Every  ray  of  light  may  be  feparated  into  thefe 
feven  primary  colours. 

4.  The  rays  of  light,  in  paffing  through  the  fame  me- 
dium, have  different  degrees  of  refrangibility. 

5.  The  difference  in  the  colours  of  light  arifes  from 
its  different  refrangibility  : that  wfliich  is  the  leaft  re- 
frangible producing  red  ; and  that  wdiich  is  the  mofl 
refrangible,  violet. 

6.  By  compounding  any  tw^o  of  the  primary,  as 
red  and  yellow'-,  or  yellow  and  blue,  the  intermediate 
colour,  orange  or  green,  may  be  produced. 

7.  The  colours  of  bodies  arife  from  their  difpofitionf 
to  refled  one  fort  of  rays,  and  to  abforb  the  others  ; 
thofe  that  refled  the  leaft  refrangible  rays  appearing 
red  ; and  thofe  that  refled  the  mofl  refrangible,  violet. 

8.  Such  bodies  as  refled  tw^o  or  more  forts  of  rays, 
appear  of  various  colours. 

9.  The  whitenefs  of  bodies  arifes  from  their  difpo- 
fition  to  refled  all  the  rays  of  light  promifcuoufly. 

10.  The  blacknefs  of  bodies  proceeds  from  their  inca- 
pacity to  refled  any  of  the'  rays  of  light.- — And  from 
their  thus  abforbing  all  the  rays  of  light  that  are  thrown 
upon  them,  it  arifes,  that  black  bodies,  when  expofed 
to  the  fun,  become  hot  fooner  than  all  others. 

Of  the  Diatonic  Scale  of  Cohurs, — Sir  Ifaac  Newton, 
in  the  courfe  of  his  invefligations  of  the  properties  of 
light,  difcovered  that  the  lengths  of  the  fpaces  occu- 
pied in  the  fpedrum  by  the  feven  primary  colours,  ex- 
adly  correfpond  to  the  lengths  of  chords  that  lov.nd 
the  feven  notes  in  the  diatonic  fcale  of  mufic  : which 
made  evident  by  the  following  experiment. 
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On  a paper,  in  a dark  chamber,  let  a ray  of  light  be 
largely  refracted  into  the  fpedtriim  ABCDEF,  mark- 
ing  upon  it  the  precife  boundaries  of  the  feveral  colours, 
as  c,  &c  ; and  acrofs  the  fpeftrum  draw  the  per- 
pendicular lines  ag,  bb,  &c.  Then  it  will  be  found 
that  the  fpaces,  by  which  the  feveral  colours  are  bound- 
ed, viz,  B^7^F  containing  the  red,  nbhg  containing  the 
orange,  bcib  containing  the  yellow,  &c,  will  be  in  ex- 
att  proportion  to  the  divifions  of  a mufical  chord  for 
the  notes  of  an  oftave  ; that  is,  as  the  intervals  of  thefe 
numbers  i,  I?  h 

CHP.ONOLOGICAL,  belonging  to  chronology. 

Cbrojrohgica’  Cbara^ers,  are  charaClers  by  which 
times  are  diftinguiflied.  Of  thefe,  fome  are  natural, 
or  aftronomical ; others  are  artihcial  or  hiftorical.  The 
natural  characters  are  fuch  as  depend  on  the  motions 
of  the  liars  or  luminaries  ; as  eclipfes,  folitices,  equi- 
noxes, the  different  afpedts  of  planets,  See.  And  the 
artificial  charafters  are  thofe  that  have  been  invented 
and  ellablilhed  by  men  ; as  the  folar  cycle,  the  lunar 
cycle,  &c.  Hiftorical  ChronoloLsical  Charafters  are 

^ 4.^.4 

thofe  fupported  by  the  teilimonies  of  hiflorians,  when 
they  hx  the  dates  of  certain  events  to  certain  jieriods. 

CBIRONOLOGY,  the  art  of  mwafuring  and  dif- 
tinguifhing  time  ; with  the  dodlrinc  of  dates,  epochs, 
eras,  &c. 

The  meafurement  of  time  in  the  moft  early  periods, 
was  by  means  of  the  feafons,  or  the  revolutions  of  the 
fun  and  moon.  The  fucceifioip  of  Juno’s  prielLefl'es  at 
Arg-os  ferved  Hellanicus  for  the  ref>-ulation  of  his  nar- 
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rative  ; while  Ephorus  reckoned  his  matters  by  genera- 
tions. Even  in  the  hiflories  of  Herodotus  and  Thiicv- 
dides,  there  are  no  regular  dates  for  the  events  re- 
corded ; nor  were  there  any  endeavours  to  ellablifli  a 
fixed  era  until  the  time  of  Ptolomy  Bhiladelphiis,  who 
attempted  it  by  comparing  and  correcting  the  dates 
of  the  olympiads,  the  kings  of  Sparta,  and  the  fuc- 
ceffion  of  the  priefleEes  of  Juno  at  Argos.  Eratof- 
thenes  and  Apollodorus  digeited  the  events  related  by 
them,  according  to  the  fucceffion  of  the  olympiads  and 
of  the  Spartan  kings. 

The  chronology  of  the  Latins  is  fflll  more  uncer- 
tain. The  records  of  the  Romans  were  deflrovcd  by 
the  Gauls  ; and  Fabius  Pidlor,  the  molt  ancient  of 
their  hlitorlans,  was  obliged  to  borrow  the  chief  part 
t)f  his  information  from  the  Greeks.  In  other  Eu- 
ropean nations  the  chronology  is  ftill  more  imperfefl, 
and  of  a later  date  .:  and  even  in  modern  times  a con- 
fiderable  degree  of  confufion  and  inaccuracy  has  arifen, 
from  tlie  tvant  of  attention  in  the  hiflorians  to  afecr- 
tain  the  dates  and  epoclis  with  preclfion. 

Hence  it  is  evident,  liow  necefTary  a proper  fyflem 
of  chronolop-y  mult  be  for  the  right  underllanding  of 
hiftory,  and  alfo  how  difTicult  it  mull  be  to  eflabhlh 
Inch  a fyllem.  For  this  purpofe,  however,  feveral 
learned  men  have  fpent  much  time,  particularly  Julius 
Africanus,  Eiifebius  o/  Caefarea,  George  C)  ncelle, 
John  of  Antioch',  Dennis,  Petau,  Clavius,  Calvifius, 
Scaliger,  Vieta,  Newton,  Ufher,  Simfon,  Marfham, 
Helvicus,  Voffius,  Strauchiiis,  Blair,  and  Playfair. 

Such  a fyftem  is  founded,  ill,  On  aftronomical  ob- 
fervations,  efpeciaily  of  the  eclipfes  of  the  fun  and 
moon,  combined  with  calculations  of  the  years  and 
eras  of  difterent  nations.  2d,  The  teilimonies  of  cre- 
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dible  authors.  3d,  Such  epochs  in  hiftory  as  are  fo 
well  attefted  and  determined,  that  they  have  never  bee-n 
controverted.  4th,  Ancient  medals,  coins,  monuments, 
and  inferiptions. 

The  moft  obvious  divifion  of  time,  as  has  been  ob- 
ferved,  is  derived  from  the  apparent  or  real  revolutions 
of  the  luminaries,  the  fun  and  moon.  Thus,  the  ap- 
parent revolution  of  the  fun,  or  the  real  rotation  of 
the  earth  on  her  axis  cauftng  the  fun  to  appear  to 
rife  and  fet,  conflitutes  the  viciffitudes  of  day  and 
night,  y.'hich  mufl  be  evident  to  the  moft  barbarous 
and  ignorant  nations.  The  moon,  by  her  revolution 
about  the  earth,  and  her  changes,  as  naturally  and 
obvloufly  forms  months  ; while  the  great  annual  courfe 
of  the  fun  through  the  feve?'al  conftellations  of  the 
zodiac,  points  out  the  larger  divifton  of  the  year. 

The  Day  is  divided  into  hours,  minutes,  &c  ; while 
the  month  is  divided  into  weeks,  and  the  year  into 
months,  having*  particular  names,  and  a certain  num- 
ber of  days. — Sec  a particular  account  of  each  of  thefe 
under  the  refpetftive  words. 

Beftde  tlie  natural  divifions  of  time  arifing  immedb 
ately  from  the  revolutions  of  the  heavenly  bodies,  there 
are  others  which  are  formed  from  fome  of  the  lefs 
ob  vious  confeqiiences  of  thefe  revolutions,  and  are  called 
cycles,  or  circles.  The  moft  remarkable  of  thefe  are, 
I,  The  Solar  Cycle,  or  cycle  of  the  fun,  a period  or 
revolution  of  28  years,  in  which  time  the  days  of  the 
months  return  to  the  fame  days  of  the  week,  the  fun’s 
place  to  the  fame  figns  and  degrees  ot  the  ecliptic  on 
the  fame  months  and  days,  and  the  leap-years  begin 
the  fame  courfe  over  again  with  refpeft:  to  the  days  of 
the  week  on  which  the  days  of  the  months  fall.  2, 
The  hunar  Cycle,  or  cycle  of  the  moon,  commonly 
called  the  Golden  Number,  is  a revolution  of  19  years  ; 
in  which  time  the  conjuntlions,  oppofitions,  and  other 
afpecls  of  the  moon,  are  on  the  fame  days  of  the 
months  as  tb.ey  were  1 9 years  before,  and  within  an 
hour  and  a half  of  the  fame  time  of  the  day. 

The  Luliclion,  or  Roman  Indidtion,  is  a period  of 
15  years,  ufed  only  by  the  Romans  for  indicating  the 
times  of  certain  payments  made  by  the  iubjedls  to  the 
lepnhlic. 

^V\\Q.  Cycle -of  Eajrcr,  called  alfo  the  Period, 

is  a revolution  of  532  years,  and  is  produced  by  multi- 
plying the  folar  cycle  28,  by  the  lunar  cycle  19. 

'Julian  Period,  is  a revolution  of  7980  years, 
and  is  produced  from  the  continual  multiplication  of 
the  three  numbers  28,  19,  15,  of  the  three  former 

cycles,  viz,  the  folar,  lunar,  and  indlclion. 

As  there  are  certain  fixed  points  in  the  lieavens, 
from  which  aftronomers  begin  their  computations,  fo 
there  arc  certain  points  of  time,  from  which  hiiloriaiii 
begin  to  reckon;  and  tl.'cfe  points  or  roots  of  time  are 
called  eras  or  epochs.  I'iie  moft  remarkable  of  thele 
arc,  thofe  of  the  Creation,  the  Greek  Olympiads, 
the  buildinc;  of  Rome,  tiie  era  of  Nabonnaffar,  the 
death  of  Alexander,  the  birth  of  Chrlil,  the  Arabian 
Hegira,  or  flight  of  Mahomet,  and  the  Perfian  jef- 
degii-d.  All  which,  with  fome  others  of  lefs  note, 
have  their  beginnings  fixed  by  chronologcrs  to  the 
ymars  of  tlie  Julian  period,  to  the  age  of  the  world, 
and  to  the  years  before  and  after  the  birth  of  Chrift. 

The  teilimony  of  ai  thors  is  the  fecond  principal 
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part  of  hiitorical  clironology«  Though  no  man  has  a 
right  to  be  confidered  as  anfallible^  it  would  however 
be  making  a very  unfair  judgment  of  mankind,  to 
treat  them  all  as  dupes  or  impoilors  ; and  it  would  be 
an  injury  offered  to  public  integrity,  to  doubt  the 
veracity  of  authors  univerfally  edeemed,  and  fadfs  that 
are  truly  worthy  of  belief,  When  the  hiftorian  is  al- 
lowed to  be  completely  able  to  judge  of  an  event, 
and  to  have  no  intent  of  deceiving  by  his  relation,  his 
teflimony  cannot  be  refined. 

The  Epochs  form  the  3d  principal  part  of  chrono- 
logy 5 being  thofe  fixed  points  in  hiftory  that  have 
never  been  conteded,  and  of  wdiich  there  cannot  rea- 
fonably  be  any  doubt.  Notwithftanding  that  chro- 
nologers  fix  upon  the  events  which  are  to  ferve  as 
epochs,  in  a manner  quite  arbitraig'-  5 yet  this  is  of 
little  ccnfequence,  provided  the  dates  of  thefe  epochs 
agree,  and  that  there  is  no  contradiction  in  the  fadts 
themfelves. 

Medals,  Monuments,  and  Infcriptions,  form  the  laft 
of  the  four  principal  parts  of  chronology  5 and  this 
lludy  is  but  of  very  modern  date,  fcarce  more  than 
150  years  having  elapfed  lirice  clofe  application  has 
been  made' to  the  ftudy  of  thefe.  To  the  celebrated 
Spanheim  we  ow'-e  the  greateft  obligations,  for  the 
progrefs  that  is  made  in  this  method  ; and  it  is  by  the 
aid  of  medals  that  M. 'Vailiant  has  compofed  his  judi- 
cious hiftory  of  the  kings  of  Syria,  from  the  time  of 
Alexander  the  Great  to  that  of  Pompey.  Nor  have 
they  been  of  lefs  fervice  in  elucidating  all  ancient  hif- 
tory, efpecially  that  of  the  Romans  ; and  even  fome- 
times  that  of  the  middle  ages. 

Befides  the  foregoing  general  account,  there  are  fome 
few  fyftems  of  chronology  which  may  deferve  fome 
more  particular  notice,  as  follows. 

Sacred  Chronology.  There  have  been  various  fyf- 
tems relating  to  lacred  chronology  ; which  is  not  to 
be  wondered  at,  as  the  three  chief  copies  of  the  Bible 
give  a very  different  account  of  the  firft  ages  of  the 
world-.  For  wdiile  the  Hebrew  text  reckons  about 
4000  years  from  the  creation  to  the  birth  of  Chrift, 
and  to  the  flood  1656  years  ; the  Samaritan  makes  the 
former  much  longer,  though  it  counts  from  the  crea- 
tion to  the  flood  only  1307  years  ; and  the  Septuagint 
rem.oves  the  creation  of  the  world  to  6000  years  before 
Cbrift,  and  2250'  years  before  the  flood.  Many  at- 
tem.pts  have  been  made  to  reconcile  thefe  differences  ; 
though  none  of  them  are  quite  fatisfadloiy.  Walton  and 
Vofiius  give  the  preference  to  the  accountof  the  Sep- 
tuagint ; while  others  have  defended  the  Hebrew  text. 
See  an  abftradi;  of  the  different  opinions  of  learned 
men  on  this  fubjeft,  in  Strauchius’s  Brev.  Chron.  tranf- 
iated  by  Sault,  p.  166  and  176. 

The  Chinefe  Chronology.  No  nation  has  boafted  more 
of  its  antiquity  than  the  Chinefe  : but  thoiigli  they'- 
be  allowed  to  trace  their  oris^in  as  far  back  as  the 
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deluge,  they  have  few  or  no  authentic  records  of  their 
hiftory  for  fo  long  a period  as  500  years  before  the 
Chriftian  era.  This  indeed  may  be  owing  to  the 
general  deftrudlion  of  ancient  remains  by  the  tyrant 
Tfin-cbi-hoang,  in  the  year  213,  or  fome  fay  246, 
before  Chrift.  From,  a chronology  of  the  Chinefe 
hiftory  (for  which  we  are  obliged  to  an  illuftrious 
Tartar  who  wgs  viceroy  of  Canton  in  the  year  17245 
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and  of  which  a Latin  tranflation  was  publifhed  at 
Rome  in  1730),  we  learn  that  the  moft  remote  epoch 
of  the  Chinefe  chronology  does  not  furpafs  the  firft 
year  of  Gueidie-wang,  or  424  years  before  our  vulgar 
era.  And  this  opinion  is  confirmed  by''  the  practice  of 
two  of  the  moft  approved  hiflorians  of  China,  who 
admit  nothing  into  their  hiftories  j^revious  to  this  pe- 
riod. 

The  Chinefe,  in  their  computation,  make  ufe  of  a 
cycle  of  60  years,  called  kia-tfe,  from  the  name  given 
to  the  firft  year  of  it,  which  ferves  as  the  bafis  of  their 
wFole  chronology.  Every  ymar  of  this  cycle  is  marked 
with  two  letters  wdiich  diftinguifn  it  from  the  others ; 
and  all  the  years  of  the  emperors,  for  upv/ards  of  2000 
years,  have  names  in  hiftory  common  to  them  with 
the  correfponding  years  of  the  cycle.  Philof.  Tranfi 
Abridg.  voL  8,  part  4,  pag.  13.^ 

According  to  M.  Freref,  in  his  Eflays,  the  Chinefe 
date  the  epocha  of  Yao,  one  of  their  firft  emperors,, 
about  the  year  2145,  or  2057,  before  Chrift  ; and  they 
reckon  that  their  firft  aftronomical  obfervations,  and 
the  compofition  of  their  calendar,  preceded  Yao  150 
years  : from  whence  it  is  inferred  that  the  era  of  their 
aftronomical  obfervations  coincides  v'ith  that  of  the 
Chaldeans.  But  later  authors  date  the  rife  and  pro- 
grefs of  the  fciences  in  China  from  the  grand  dynafty 
of  Tclieou,  about  1200  ymars  before  the  Chriftian  era, 
and  fliew  that  all  hiftorical  relations  of  events  prior  to 
the  reip-n  of  Yao  are  fabulous.  Mem.  de  I’Hiftoire 
des  Sciences  &c,  Chinois.  vol,  i,  Paris  1776. 

Babylonian.^  Egyptian.^  a?zd  Chaldean  Annals.  Thefe, 
M.  Gibert  has  attempted  to  reduce  to  our  chronology, 
in  a letter  piibliflied  at  AmHerdam  in  1743.  He  be- 
gins with  lliewing,  by  the  authorities  of  Macrobius, 
Eudoxus,  Varro,  Diodorus  Siculus,  Pliny,  Plutarch,. 
St.  Auguftin,  &c,  that  by  a year,  the  ancients  meant 
the  revolution  of  any  planet  in  the  heavens  ; fo  that  it 
might  confift  fometimes  of  only  one  day.  Thus,  ac- 
cording to  him,  the  felar  day  was  the  aftronomical 
year  of  the  Chaldeans  ; and  10  the  boafted  period  of 
473,000  years,  afl.igned  to  their  obfervations,  is  re- 
duced to  1297  years  9 months  ; the  number  of  years 
which,  according  to  Eufebius,  elapfed  from  the  firft 
difeoveries  of  Atlas  in  aftronomy,  in  the  384th  year 
of  Abraham,  to  the  march  of  Alexander  into  Afia 
in  the  year  1682  of  the  fame  era.  And  the  17,000; 
years  added  by  Berofua  to  the  obfervations  of  the 
Chaldeans,  reduced  in  the  fame  mamner,  will  give  46 
years  and  6 or  7 months  ; being  the  exact  interval 
between  Alexander’s  march,  and  the  firft  year  of  the 
123d  Olympiad j or  the  time  to  which  Berofus  carried 
his  hiftory. 

Epigenius  aferibes  720,000  years  to  the  obferva- 
tions preferved  at  Babylon  ; but  thefe,  according  to 
M.  Gibert’s  fyftem,  amount  only  to  1971  years  3 
months  ; wdiich  differ  from  Callifthenes’s  period  of  1903, 
years,  allotted  to  the.  fame  obfervations,  only  by  68 
years,  the  period  elapfed  from  the  taking  of  Babylon 
by  Alexander,  which  terminated  the  latter  account,  and 
to  the  time  of  Ptolomy  Philadelphus,  to  which  EpL 
genius  extended  his  account. 

The  Newtonian  Principles  of  Chronology.' — Sir  Ifaac 
Newton  has  fhewm,  that  the  chronology  of  ancient 
kingdoms  is  involved  in  the  greateft  uncertainty  : that 
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ihe  Europeans  111  particular  had  no  chronology  before 
the  Perlian  empire,  which  commenced  536  years  before 
the  birth  of  Chrift,  when  Cyrus  conquered  Darius 
the  Mede  : that  the  antiquities  of  the  Greeks  are  full 
of  fables,  becaufe  their  writings  were  in  verfe  only, 
till  the  conquett  of  Afia  by  Cyrus  the  Perfian  ; about 
which  time  profe  was  introduced  by  Pherecides  Syrius 
and  Cadmus  hlilefuis.  After  this  time  feveral  of  the 
Greek  hiftoriuns  introduced  the  computation  by  gene- 
rations. The  chronology  of  the  Latins  was  hill  more 
uncertain  : their  old  records  having  been  burnt  by  the 
Gauls  120  years  after  the  expulfion  of  their  kings,  or 
64  years  before  the  death  of  Alexander  the  Great, 
anfwering  to  388  before  the  birth  of  Chriil.  The 
chronologers  of  Gaul,  Spain,  Germany,  Scythia,  Swe- 
den, Britain,  and  Ireland,  are  of  a hill  later  date. 
Por  Scythia,  beyond  the  Danube,  had  no  letters  till 
Ulphilas,  their  bifhop,  formed  them,  about  the  year 
276.  Germany  had  none  till  it  received  them  from 
the  \Yehern  empire  of  the  Latins,  about  the  year  400. 
The  Huns  had  none  in  the  days  of  Procopius,  about 
the  year  526.  And  Sweden  and  Norway  received  them 
hill  later. 

Sir  Ifaac  Newton,  after  a general  account  of  the 
obfeurity  and  defetls  of  the  ancient  chronology,  ob- 
■ferve?  that,  though  many  of  the  ancients  computed  by 
fuccehions  and  generations,  yet  the  Egyptians,  Greeks, 
and  Latins,  reckoned  the  reigns  of  kings  equal  to  ge- 
nerations of  men,  and  three  of  them  to  a hundred,  and 
fometlmes  to  120  years  ; and  this  was  tlie  foundation  of 
their  technical  chronology.  He  then  proceeds,  from  the 
ordlnaiy  courfe  of  nature,  and  a detail  of  hillorical 
fafls,  to  fhew  the  difference  between  reigns  and  gene- 
rations ; and  that,  though  a generation  from  father 
to  fon  may  at  an  average  be  reckoned  about  33  years, 
or  three  of  them  equal  to  100  years,  yet,  when  they 
are  taken  by  the  eldelt  fons,  three  of  them  cannot  be 
ehimated  at  more  than  about  75  or  80  years  ; and  the 
reigns  of  kings  are  ftlll  fhorter  ; fo  that  18  or  20  years 
maybe  allowed  a juft  medium.  Sir  Ifaac  then  fixos 
on  four  remarkable  periods,  viz,  the  return  of  the 
Pleraclidae  into  the  Peloponnefus,  tlie  taking  of  Troy, 
the  Argonautic  exptedition,  and  the  return  of  Sefoftris 
into  Egypt,  after  his  wars  in  Thrace  ; and  he  fet- 
tles the  epoch  of  each  by  the  true  value  of  a gene- 
ration. To  inftance  only  his  eftlmate  of  that  of  the 
Argonaiitic  expedition  : Having  fixed  the  return  of 
the  Heraciidie  to  about  the  159th  year  after  the  deatli 
of  Solomon,  and  the  deftrudlion  of  Troy  to  about  the 
76th  year  after  the  fame  period,  he  obferves,  that 
Hercules  the  Argonaut  was  the  fatlier  of  Hyllus,  the 
father  of  Clerdius,  the  father  of  Ariftom.aclius,  the 
father  of  Arillodemus,  who  conducled  the  Heraclidas 
into  Peloponnefus  ; fo  that,  reckoning  by  the  cliief  of 
the  family,  their  return  was  four  generations  later  than 
the  Argonautic  expedition,  which  therefore  liappened 
about  43  years  after  the  death  of  Solomon.  This  is 
farther  confirmed  by  another  argument  : TPfculapiuS 
and  Hercules  were  Argonauts  : Hippocrates  was  the 
i8th  inclufively  from  the  former  by  the  father’s  fide, 
and  the  19th  from  the  latter  by  the  mother’s  fide  : now, 
allowing  28  or  30  years  to  each  of  them,  the  17  in- 
tervals by  the  father,  and  the  18  intervals  by  the  mo- 


ther, will  on  a medium  give  507  years  ; tind  thele, 
reckoning^  back  from  the  commencement  of  the  Pelo- 
ponnefian  war,  or  the  431ft  year  before  Chrift,  when 
Hippocrates  began  to  lloiiriff,  will  place  the  Argo- 
nautic expedition  in  the  43d  year  after  the  death  of 
Solomon,  or  937  years  before  Chrift. 

The  ether  kind  of  reafoning  by  vrhlch  Newton  en- 
deavours to  eftablifh  this  epoch,  is  purely  aftronomical, 
d-’lie  fphere  was  formed  by  Chiron  and  Mufeus  for  the 
iileof  the  Argonautic  expedition,  as  is  plainly  (hewn  by 
feveral  of  the  afterifms  referring  to  that  event:  and  at  the 
time  of  the  expedition  the  cardinal  points  of  the  equi- 
noxes and  folilices  were  placed  in  the  middle  of  tlie  con- 
fteliatlons  Aries,  Cancer,  Chelse,  and  Capricorn.  This 
point  is  eftablidied  by  Newton  from  the  confidera- 
tion  of  the  ancient  Greek  calendar,  which  confifted 
of  12  lunar  months,  and  each  month  of  30  days,  which 
required  an  Intercalary  month.  Of  courie  this  luni- 
folar  year,  witJi  the  intercalary  month,  began  forae- 
times  a week  or  two  before  or  after  the  equinox  or 
folftlce  ; and  hence  the  firft  aftronomers  were  led  to  the 
before-mentioned  difpofitioii  of  the  equinoxes  and  fol* 
llices  : and  that  this  was  really  the  cafe,  is  confirmed 
by  the  teftimonies  of  Eudoxus,  Aratus,  and  Hippar- 
chus. Upon  thefe  principles  Sir  Ifaac  proceeds  to 
argue  in  the  following  manner.  The  equinodlial  colure 
in  the  end  of  the  year  1689  cut  the  ecliptic  in  b 6'^ 
44'  ; and  by  this  reckoning  the  equinox  had  then  gone 
back  36*^  44'  fince  the  time  of  the  Argonautic  expedh 
tion.  But  it  recedes  50'  in  a year,  or  1°  in  72  years, 
and  confequently  36°  44'  in  2645  years;  and  thisj 
counted  backwards  from  the  beginning  of  1690,  will 
place  this  expedition  about  25  years  after  the  death  of 
Solomon.  But  as  there  is  no  neceftity  for  allowing 
that  tlie  middle  of  the  conftellations,  according  to  the 
general  account  of  the  ancients,  fliould  be  precifely  the 
middle  between  the  jirinia  Arletis  and  ultima  Caudae, 
our  author  proceeds  to  “ exanpne  what  were  thofe  ftars 
through  which  Eudoxus  made  the  colures  to  pafs  in 
the  primitive  fphere,  and  in  this  way  to  fix  the  pofitipn 
of  the  cardinal  jioints.”  Now  from  the  mean  of  five 
})laccs  he  finds,  that  the  great  circle,  which  in  the  pri- 
mitive fphere,  deferibed  by  Eudoxus,  or  which  at  the 
time  of  the  Argonautic  expedition  was  the  equinoctial 
colurc,  did  in  the  end  of  ibSqcut  the  ecliptic  in  b b® 
29'  15".  In  the  fame  manner  our  author  determines 
th.at  the  mean  place  of  the  folftitial  colure  is  SI  6°  28' 
46",  and  as  it  is  at  right  angles  with  the  other,,  he 
concludes  that  it  is  rightly  drawn.  And  hence  he  in- 
fers that  the  cardinal  points,  in  the  interval  between 
that  expedition  and  the  year  1689,  have  receded  from 
thofe  colurcs  6°  29';  which,  allowing  72  years  to 
a degree,  amounts  to  2627  years  ; and  thefe  counted 
backwards,  as  above,  will  place  the  Argonautic  expe- 
dition 43  'years  after  the  death  of  Solomon.  Our  au- 
thor has,  bv  other  methods  alfo  of  a fimilar  nature, 
eftabllfhed  this  epoch,  and  reduced  the  age  of  the  world 
500  years. 

This  elaborate  fyftem  has  not  efcaped  cenfure;  Meff. 
Freret  and  Souciet  having  both  attacked  it,  and  on 
much  the  fame  ground  : but  the  former  has  confounded 
reigns  and  generations,  which  are  carefully  diftinguifh- 
ed  in  this  fyftem.  The  aftronomical  objeftions  of  both 
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helve  been  atifwered  by  Sir  Ifaac  Newton  himfeif,  and 
by  Dr.  Kalley.  • PiiiloL  Tranf.  abr.  voL  8,  part  4,  pa.  4. 
Newton’s  Chronol.  cli.  i. 

CHRONOMETER.,  is  any  inftrument  or  macliine 
uRd  hr  meafuring  time ; I’uch  as  dials,  clocks,  watches, 

C'CC* 

The  term  is  however  more  particularly  iifed  for  a 
kind  of  clock,  fo  contrived  as  to  meafure  a fmall  portion 
of  time,  even  to  the  i6th,  or  the  40th  part  of  a fe- 
cond  ; one  of  this  latter  kind  I have  feen,  made  by  an 
ingenious  artifl.  ; but  it  could  not  be  flopped  to  the 
icth  part  of  the  propofed  degree  of  accuracy.  There  is 
a defeription  of  one  alfo  in  Defaguliers’s  Experimental 
Philofophy,  invented  by  the  late  ingenious  Mr.  George 
Graham  ; which  might  be  of  great  ufe  for  meafuring 
final!  portions  of  time  in  aflroiiomical  obfervations,  the 
time  of  the  fall  of  bodies,  the  velocity  of  running  wa- 
ters, &c.  But  long  intervals  of  time  cannot  be  mea- 
fiired  by  it  with  fufficient  exaflnefs,  unlefs  its  pendu- 
lum be  made  to  vibrate  in  a cycloid  ; for  ,otherwife  it 
is  liable  to  err  confiderably,  as  is  the  cafe  of  all  clocks 
with  fhort  pendulums  that  fwing  in  large  arches  of  the 
circle. 

Various  other  contrivances,  befides  clocks,  have  been 
ufed  for  meafuring  time  for  fome  particular  purpofes. 
See  a mufical  chronometer  deferibed  in  Malcolm’s  Trea- 
tife  of  Muhe,  pa.  407. 

CHRONOSCOPE,  a word  fometimes  ufed  for  a 
pendulum,  or  machine,  to  meafure  time. 

CHRYSTALLINE.  See  Crystalline. 

CIMA,  or  Sima,  in  Architeclure,  a member,  or 
moulding,  called  alfo  ogee,  and  cimatium. 

CINCTURE,  in  Architecture,  is  a ring  or  lift 
around  the  fhaft  of  a column,  at  its  top  and  bottom. 

CINTRE,  in  Building,  the  mould  on  which  an 
arch  is  turned  or  built ; popularly  called  centre,  and 
fometimes  a cradle. 

CIPHER,  or  Cypher,  one  of  the  numeral  clia- 
raCters,  or  figures,  thus  formed  o.  The  word  comes 
from  the  Hebrew  faphar^  to  number. 

The  cipher  of  itfelf  fignihes  nothing,  or  implies  a 
privation  of  value  ; but  when  combined  wnth  other 
numeral  characters,  it  alters  their  value  m a tenfold 
proportion,  for  every  cipher  fo  annexed ; viz,  when 
fet  after  a figure  in  common  integral  arithmetic,  it  in- 
creafes  its  value  in  that  proportion,  though  it  has  no 
effedt  when  fet  before  or  to  the  left  hand  fide  of  fi- 
gures % but  on  the  contrary,  in  decimal  arithmetic,  it 
decreafes  their  value  in  that  proportion  when  fet  before 
the  figures,  but  has  no  effedt:  when  fet  after  them. 

Thus,  5 is  five, 
but  50  is  fifty, 
and  5 CO  is  five  hundred  ; 
whereas  05,  or  005,  &c,  is  ftill  but  5 or  five, 

Alfo  '5  is  five  tenths, 
but  *05  is  five  hundredths, 
and  *005  is  five  thoufandths  ; 
whereas  *50,  or  *500,  &c,  is  ftill  but  *5  or  five  tenths. 

The  invention  and  ufe  of  the  cipher,  as  in  the  common 
arithmetic  and  notation  of  numbers,  is  one  of  the  hap- 
pieft  devices  that  can  be  imngined  ; and  is  aferibed  to 
the  Indians,  by  the  Arabians,  through  whom  it  came 
into  Europe,  along  with  the  revival  of  literature. 
CIRCLE,  a plane  figure,  bounded  by  a curve  line 


which  returns  into  Itfelf,  called  its  circumference,  and 
which  is  every  wdiere  equally  diftant  from  a point  within^ 
called  its  centre. 

The  circumference  or  periphery  itfelf  is  called  the 
circle,  though  improperly,  as  that  name  denotes  the 
fpace  contained  vrithln  the  circumference. 

A circle  is  deferibed  with  a pair  of  compaffes,  fixing- 
one  foot  in  the  centre,  and  turning  the  other  round  to 
trace  out  the  circumference. 

The  circumference  of  every  circle  is  fiippofed  to  be 
divided  into  360  equal  parts,  called  degrees,  and  marked; 

each  degree  into  60  minutes  or  primes,  marked  ' j, 
each  minute  into  60  feconds,  marked  ; and  fo  on. 
So  24°  12'  13''  2o'"P  is  24  degrees  12  minutes  15-  fe-  . 
conds  and  20  thirds. 

Circles  have  many  curious  properties,  fome  of  the 
moft  imoortant  of  which  are  thefe  : 

j 

1.  The  circle  is  the  moil  capacious  of  all  plain  fi-  . 
gures,  or  contains  the  greateft  area  within  the  fame  pe- 
rimeter, or  has  the  lead  perimeter  about  the  fame  area  ; , 
being  the  limit  and  lad  of  all  regular  polygons,  having 
the  number  of  its  fides  infinite. 

2.  The  area  of  a circle  is  always  lefs  than  the  area  of 
any  regular  polygon  circumscribed  about  it,  and  its  cir- 
CLimference  alw-ays  lefs  than  the  perimeter  of  the  poly-  . 
gon.  But  on  the  other  hand,  its  area  is  always  greater  „■ 
than  that  of  its  Infcribed  polygon,  and  its  circumference  . 
greater  than  the  perimeter  of  the  laid  infcribed  polygon..  ^ 
However,  the  area  and  perimieter  of  the  circle  approach  .. 
always  nearer  and  nearer  to  thofe  of  the  two  polygons,  ' 
as  the  number  of  the  fides  of  thefe  is  greater  ; the 
circle  being  always  limited  betv/een  the  two  polygons. 

3.  The  area  of  a,  circle  is  equal  to  that  of  a triangle  •. 
whofe  bafe  is  equal  to  the  circumference,  and  perpendi- 
cular  equal  to  the  radius.  And  therefore  the  area  of  the  ■ 
circle  is  found  by  drawing  half  the  circumference  Into 
half  the  diameter,  or  the  whole  circumference  into  the  - 
whole  diameter,  and  taking  the  4th  part  of  the  produdl® 
De.monftrated  by  Euclid. 

4.  Circles,  like  other  fimilar  plane  figures,  are  to  one  . 
another,  as  the  fquares  of  their  diameters.  And  tie 
area  of  the  circle  is  to  the  fquare  of  the  diameter,  as  1 1 , 
to  14  nearly,  as  proved  by  Archim.edes  ; or  as  * 7854, 
to  I more  nearly  ; or  ftill  more  nearly  as 

•785398  1633,9744830961 ,56608458  19,87372]  0492,..^ 
9234984377,6455243736,1480769341,0157155224, 
9657008706,3335292669,9553.702  162,83  1 807666 ij, , 
773461 1 -i-  to  I : 

as  it  hasTe'en  found  by  m.odern  mathematicians. 

In  V/allis’s  Arlthmietic  of  Infinites  are  contained  the  . 
firft  infinite  feries  for  exprefiing' the  .ratio  of  a circle  to, . 
the  fquare  of  its  diameter  : viz, 

.ift,  The  circle  Is  to  the  f(][uare  of  its  diam.eter, 
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or  as  I — 
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2 X 4 X 6 X 7 
■See  to  I,  by  Sir  I.  Newton  ; 


2 x4x6x  8x9 
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or  as  I — — } -"1 See  to  i,  by  Greo-ory  and 
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Leibnitz;  and  a great  many  other  forms  of  feries  have 
been  invented  by  different  authors,  to  exprefs  the  fame 
ratio  between  the  circle  and  circumferibed  fquare, 

5.  The  circumferences  of  circles  are  to  one  another, 
as  their  diameters,  or  radii.  And  as  the  areas  of  circles 
are  proportional  to  the  rectangles  of  their  radii  anch  cir- 
cumferences ; therefore  the  quadrature  of  the  circle  wHl 
be  effected  by  the  reClification  of  its  circumference  ; 
that  Is,  if  the  true  length  of  the  circumference  could  be 
found,  the  true  area  could  be  found  alfo.  But  whilll 
feveral  mathematicians  have  endeavoured  to  determine 
the  true  area  and  circumference,  others  have  even 
doubted  of  the  pofQbility  of  the  fame.  Of  this  latter 
opinion  is  Dr.  Ifaac  Barrow  : towards  the  end  of  his 
15th  Mathematical. LeCture  he  fays,  he  is  of  opinion, 
that  the  radius  and  circumference‘of  a circle,  are  lines 
of  fuch  a na.ture,  as  to  be  not  only  Incommenfurable  In 
length  and  fquare,  but  even  in  length,  fquare,  cube,  bl- 
quadrate,  and  all  other  powers  to  infinity;  for,  con- 
tinues he,  the  fide  of  the  inferibed  fpiare  is  incommen- 
furable to  the  radius,  and  the  fquare  of  the  fide  of  the 
inferibed  oClagon  is  incommenfurable  to  the  fquare  of 
the  radius  ; and  confequently  the  fquare  of  the  oCtago- 
nal  perimeter  Is  incommenlurable  to  the  fquare  of  the 
radius  : and  thus  the  ambits  of  all  regular  polygons,  in- 
feribed In  a circle,  may  have  their  fuperior  powers  iu- 
coininenfurate  with  the  co-ordinate  powers  of  the  radius; 
from  whence  the  lall  polygon,  that  is,  the  circle  rtfelf, 
feems  to  have  its  periphery  incommenfurate  with  the 
radius.  Which,  if  true,  will  put  a final  flop  to  the  qua- 
drature of  the  circle,  fince  the  ratio  of  the  circum- 
ference to  the  radius.is  altogether  inexplicable  from  the 
nature  of  the  thing,  and  confequently  the  problem  re- 
quiring the  explication  of  fucli  a ratio  is  impoffible  to 
be  folved,  or  rather  it  requires  that  for  Its  fohition  which 
is  impoflible  to  be  apprehended.  But,  concludes  he, 
this  great  m.yflery  cannot  be  e^iplained  in  a few  words  : 
Blit  if  time  and  opportunity  had  permitted,  I would 
have  endeavoured  to  produce  many  tlungs  for  the  expli- 
cation and  confirmation  of  this  conjecture.  Sir  Ifaac 
Newton  too,  in  book  i of  his  Principia,  has  attempted 
to  demonflrate  the  impcffibility  of  the  general  quadra- 
ture of  oval  figures,  by  the  defeription  of  a fpiral,  and 
the  Impoffibility  of  determining,  by  a finite  equation, 
the  interfeCkions  of  that  oval  and  fpiral,  which  mull  be 
the  cafe,  if  the  oval  be  quadrable.  And  feveral  other 
authors  have  attempted  to  dem.onflrate  the  impoffibility 
of  the  general  quadrature  of  the  circle  by  any  means 
whatever.  On  the  otlier  hand-,  many  authors  not  only 
bell  eve  in  the  poffibillty  of  the  quadratureof  the  circle, 
but  fome  have  even  pretended  to  have  difeovered  the 
fame,  and  have  pnbllfhed  to  the  world  their  pretended 
difeoveries  : of  which  no  one  has  rendered  himfelf  more 
remarkable  than  our  countryman-Mri  Hobbes,  though  a 
great  fcholar,  and  of  excellent  underflandiiig  in  other 
matters.  See  Quadrature. 

The  approximate  quadratiu’e  of  the  circle  however,  or 


the  determination  of  the  ratio  between  the  diameter  and 
the  circumference,  is  what  the  mathematicians  of  all  ages' 
have  fuccefsfully  attempted,  and  with  different  degrees 
of  accuracy,  according  to  the  Improved  hate  of  the 
feience.  Archimedes,  in  his  book  de  Dimenjione  Circuli^ 
firfl  gave  a near  value  of  that  ratio  in  fmall  numbers, 
beii^  that  of  7 to  22,  which  are  ilill  ufed  as  very  con- 
venient numbers  for  this  purpofe  in  common  meafure-’ 
ments.  Other  and  nearer  ratios  have  fince  .been  fucceL 
fively  aff  o-tied,  but  in  larger  numbers, 

as  106  to  333, 
or  I 13  to  335, 
or  1702  to  5347, 
or  18  1 5 to  5702,  &c, 

which  are  each  more  accurate  than  the  foregoingo 
Vieta,  In  his  Unlverfahum  InfpeBwnum  ad  Canoninn 
Mathematlcurn,  pubhfhed  1579,  by  means  of  the  in- 
feribed and  circumferibed  polygons  of  393216  fides,  has 
carried  the  ratio  to  ten  places  of  figures,  fhewing  that  if 
the  diameter  of  a circle  be  1000  &c,  the  ciicumierence 
will  be  greater  than  314,139,265,33,- 
butlefsthan  314,159,265,37. 

And  Van  Colen,  in  his  book  de  Circulo  ilf  Adfcr'iptk^ 
has,  by  the  fame  means,  carried  that  ratio  to  36  places 
of  figures ; which  were  alfo  recomputed  and  confirmed 
by  Wllkbrord  Snell.  After  thefe,  tliat  indefatigalde 
computer,  Mr.  Abraham  Sharp,  extended  the  ratio  to 
72  places  of  figures,  in  a fheet  of  paper,  publiihed  about 
the  year  1706,  by  means  of  the  feries  of  Dr.  Halley, 
from  the  tangent  of  an  arc  of  30  degrees.  And  the 
ingenious  Mr.  Machiii  carried  the  fame  to  a hundred 
places,  by  other  feries,  depending  on  the  differences  of 
ai'cs  whole  tano-ents  have  CRirtaiu  relations  to  one  another. 
See  this  method  explained  in  my  Menfuratlon,  pa.  120 
fecond  edit.  And,  finally,  M.  De  Lagny,  in  the  Me- 
moirs  de  BAcad.  1719,  by  means  of  the  tangent  of  the 
arc  of  30  degrees,  has  extended  the  fame  ratio  to  the 
amazing  length  of  128  places  of  figures  ; finding,  that, 
if  the  diameter  be  1 000  &c,  the  circumference  will  be 
31415,92653,58979,32.384,62643,38327,95028, 

S 4 ^ 9 7 D 9 3 9 a;  3 7 D >05  S 9 7494H5  9 - 3 » o 7 8 • 

40628,62089,98628,03482,5342 1,1  7067,982 14, 
80863, 13272,30664,70938,446  + or  447  — 

From  fuch  methods  as  the  foregoing,  a variety  of 
feries  have  been  difeovered  for  the  length  of  the  cir- 
cumference of  a circle,  inch  as  the  follov/ing,  viz,  If 
the  diameter  be  i,  .the  circumference  c will  be  varloufly 
expreffed  thus, 
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Arxd  many  other  feries  might  here  be  added.  See  my 
Menfuration  in  feveral  places  ; alfo  my  paper  on  luch 
feries  in  the  Philof.  Tranf.  1776  ; Euler’s  Introclu^iio 
in  Analyfin  Infinitorum  ; and  m*any  other  authors. 

6.  Some  of  the  more  remarkable  properties  of  the 
circle,  are  as  follow. 

If  two  lines  /\B,  CD  cut  the 
circle,  and  interfedl  within  it,  the 
angle  of  interfedlion  E is  mca- 
fured  by  half  the  fiim  of  the  in- 
tercepted arcs  AC,  DB. 

But  if  the  lines  interfedt  without 
the  circle,  the  angle  E is  meafured 
by  half  the  difference  of  the  inter- 
cepted arcs  AC,  DB. 

7.  The  angle  at  the  centre  of  a 
circle  is  double  the  angle  at  the 
circumference,  (landing  on  the  fame 
arc  ; and  all  angles  in  the  fame  feg- 
ment  are  equal.  Alfo  the  angle  at 
the  centre  is  meafured  by  the  arc 
it  (lands  upon,  and  the  angle  at  the 
circumference  by  half  the  (ame  arc. 


8.  If  the  chords  EG,  HI  crofs 
at  right  angles,  the  fums  of  the 
oppofite  arcs  are  equal ; viz  EH-l-' 

GI=  FI  + GH. 


9.  If  one  fide  NO  of  a trape- 
zium inferibed  in  a circle  be  con- 
tinued out,  the  external  angle, 
TOP  will  be  equal  to  the  oppofite 
internal  angle  M, 


10.  An  angle,  as  RQS,  formed 
'by  a tangent  Ql^  and  chord  QS, 
is  meafured  by  half  the  arc  of  the 
chord  QS,  and  is  equal  to  any  an- 
gle T formed  in  the  oppofite  arc 
<^S. 

11.  If  V W be  a diameter,  and 
XYZ  a chord  perpendicular  to  it ; 
then  is  XZ  or  ZY  a mean  propor- 
tional between  the  fegments  YZ, 

ZW.  So  that  if  d denote  the 
diameter  VW,  the  abfeifs  VZ,  and  j the  ordinate 

ZX  ; then  Is  — w*  X w or  ■=•  dx  xr  ; which 


d X X X OY  ■=-  dx  X 
is  called  the  equation  to  the  circle. 

The  chord  VX  Is  a mean  proportional  between  the 
diameter  VW  and  the  verfed  fine  VZ  ; and  the  chord 
WX  is  a mean  proportional  between  the  diameter  and 
the  verfed  fine  WZ  ; alfo  each  verfed  fine  is  propor- 
tional to  the  fquare  of  the  correfponding  chord  s viz 
VZ  : Z : : VX^  : WX^ 

1 2.  When  two  lines  cut  the  circle,  whether  they  inter- 
^ feft  within  the  circle,  or  without  it,  as  in  the  two  figures 
to  article  6,  the  fegments  between  the  common  inter- 
fedlion  and  the  two  points  where  each  line  cuts  the 
curve,  are  reciprocally  proportional,  and  their  redan* 


gles  arc  equal ; viz,  EA  EC  : : ED  : EB, 
or  EAxEB  = EC  xED. 

13.  In  a trapezium  inferibed  in 
a circle,  the  redlangle  of  the  two 
diagonals  is  equal  to  the  fum  of 
the  two  redlangles  of  the  two  pairs 
of  oppofite  Tides;  viz,  AC  X BD 
.‘-AB  X DC  -{-  AD  X BC. 


14.  If  any  chords  EF,  EG,  drawn 
from  the  fame  point  E in  the  cir- 
cumference,be  cut  by  anyother  line 
HI,  the  redlangles  will  be  all  equal 
w'hich  are  made  of  each  chord  and 
the  part  intercepted  by  thIsAine, 
viz,  EF  X EI=EG  X EH^EIG.  -1 


I In  a circle  whofe  centre  is  N 
and  radius  NO,  if  two  points 
M,P,  in  the  radius  produced,  be  fo  | 
placed  that  the  three  NM,  NO, 
hip,  be  in  continued  propor- 
tion ; then  If  from  the  points  M 
and  P lines  be  drawn  to  any,  or  every  point  in  the  cir- 
cumference, as  Q^;  thefe  lines  will  be  always  in  the 
given  ratio  of  MO  to  PO  ; viz,  MQ_:  PQ^;  ; MO  : PO. 

1 6.  If  V W,  be  two  points  in  the  diameter,  equidhlant 
from  the  centre  T ; and  if  two 
lines  be  drawn  from  thefe  to  any 
point  X in  the  circumference  ; the 
fura  of  their  fquares  wfill  be  equal 
to  the  fum  of  the  fquares  of  the 
fegments  of  the  diameter  made  by 
cither  point  ; viz,  VX^  -f  WX^ 

- RV^  -1-  VS%  or  =:  RW^  -{-  WS^  or  — zRT^ 
-b  2VTa 


17.  If  a line  FE  perpendicular  to 
the  diameter  AB,  meet  any  other 
chord  CD  in  the  point  E ; then  is 
AF  X FB  :=  CE  X ED  + EFN 


7 8.  If  upon  the  diameter  GH  of 
a circle  there  be  formed  a redlangle 
GFIKI,  wFofe  breadth  GI  or  HK 
is  equal  to  GL  or  HL,  the  chord 
of  a quadrant,  or  fide  of  the  In- 
feribed fquare  ; then  if  from  I and 
K lines  be  drawn  to  any  point  M 
in  the  circle  GMH,  they  will  cut 
the  diameter  GH  in  fuch  a manner  that  GO^  -}-  HN® 
GHN 

19.  If  the  arcs  PQ,  QR,  RS,  &c,  be  equal,  and  there 
be  drawn  the  chords  PR,  PS,  FT,  &c,  then  it 

will 
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will  be  I’Q  : PR  ; : PR  : PQ  + PS  : : PS  : PR  + 
PT  ; PT  : PS  + PV,  &c. 


20.  The  centre  of  a circle  being  O,  and  P a point  in 
the  radius,  or  in  the  radius  produced  ; if  the  circum- 
ference be  divided  into  as  many  equal  parts  AB,  BC, 
CD,  &c,  as  there  are  units  in  211,  and  lines  be  drawn 
from  P to  all  the  points  of  divifion  ; then  fiiall  the 
continual  produA  of  all  the  alternate  lines  viz  PA  x 
PC  X PE  &c  be  — when  P is  within  the 

circle,  or  = a'"  — when  P is  without  the  circle  ; 
and  the  product  of  the  reft  of  the  lines,  viz  PB  X 
PD  + PF  &c  = r"  H-  A'" : where  r zr:  AO  the  radius, 
and  X = OP  the  dilfance  of  P from  the  centre. 


21.  A circle  may  thus  be  divided  into  any  number  of 
parts  that  fhall  be  equal  to  one  another  both  in  area 
and  perimeter.  Divide  the  diameter  CfR  into  the 
fame  number  of  equal  parts  at  the  points  S,  T,  V,  &c  ; 
then,  on  one  fide  of  the  diameter  oefcrlbe  femicircles 
on  the  diameters  QS,  QT,  and  on  the  other  fide 

of  it  defenbe  femicircles  on  RV,  RT,  RS  ; fo  lhall 
the  parts  t 7?  ^ 5?  5 3^  7 i be  all  equal,  both  in  area  and 
perimeter.  See  my  Tradls,  pa.  93. 


22.  T'o  defer  He  a Circle  either  about  or  within  a given 
Regular  Polygon.  BTfeCt  two  of  its  angles,  or  two  of 
its  fides,  with  perpendiculars,  and  the  interfedtion  of 
the  bifedtlng  lines  will,  in  either  cafe,  be  the  centre  of 
the  circles. 

Parallef  or  Concentric  Circles,  arc  fuch  as  are 
equally  dlflant  from  each  other  in  every  point  of  their 
peripheries  ; or  that  have  the  fame  centre.  As,  on 
the  other  hand,  thofe  are  called  the  eccentric  circles,  that 
have  not  the  fame  point  for  their  centres. 

Che  Quadrature  of  the  Circle,  is  the  manner  o fde- 
feribing,  or  affigning,  a fquare,  whofe  furface  fhall  be 
perfedtly  equal  to  that  of  a circle.  This  problem  has 
exercifed  the  geometricians  of  all  ages,  but  it  is  now  ge- 
nerally given  up  as  a problem  impoflible  to  be  effedled, 


by  moib  perfons  that  have  any  juft  claim  to  that  rank, 
Des  Cartes  infifts  on  the  impoftibility  of  it,  for  this  rea- 
fon,  that  a right  line  and  a circle  being  of  different 
natures,  there  can  be  no  ftrift  proportion  between 
them.  Dr.  Barrow  fliews  the  ftrongeft  probability  of 
the  fame  thing  ; and  not  only  that  the  diameter  and  cir- 
cumference themfelves,  but  that  all  powers  of  them  to 
infinity,  are  incommenfurate. 

The  Emperor  Charles  V offered  a reward  of  100,000 
crowns  to  any  perfon  who  fhould  refolve  this  celebrated 
problem  : and  the  States  of  Holland  alfo  propoled  a 
reward  for  the  fame  thing.  See  Quadrature, 

Circles  of  the  Higher  Orders^  are  curves  in  which 
: YZ'^  : : YZ  : YX, 
orWY*"  : Y2-  : : YZn:  YX". 


When  m and  n are  each  equal  to  i,  their 
WY  ; YZ  ; : YZ  : YX,  which  is  the  property  of  the 
common  circle. 

Put  WY  YZ  z=  y,  WX  = n;  then  is 

YX  — a — .v,  and  the  above  proportions  become 

m m m + 1 ni  

X : y : : y : ri  — A’,  ory  = a-  . a — .v,  and 

m m n n m-pn  m n 

X :y  : :y  :n  — A ,ory  z=  .v  * tz  — a , the 

equations  to  curves  of  this  kind. 

Curves  defined  by  this  equation  will  be  ovals  when 

m is  an  odd  number.  Thus  fuppofe  m — I,  then  the 

equation  becomes  = x.  a — a or  ax  — a“,  the  equa- 
tion to  the  common  circle.  And  if  in  — 3,  it  becomes 

a—x  or  ax^  — x^,  which  denotes  a curve  of 
this  form  AB. 


But  when  m denotes  an  even  number,  the  curve  will 
have  two  infinite  legs.  So  if  w = 2,  the  equation 

becomes  y 3 — a^.  a—x  or  ax'^  — x^j  for  a circle  of  the 
2d  order,  and  which  defines  one  of  Newton’s  defec- 
tive hyperbolas,  being  his  37th  fpecies  of  curves,  whofe 
afymptote  is  the  right  line  EF,  making  an  angle  of  40 
degrees  with  the  abfeifs  A B. 

Circle  of  Curvature^  or  circle  of  equi-curvature, 
is  that  circle  which  has  the  fame  curvature  witli  a 
given  curve  at  a certain  point  ; or  that  circle  whofe 
'adius  is  equal  to  the  radius  of  curvature  of  the  given 
curve  at  that  point. 

Circles  ^ the  Sphere^  are  fuch  as  cut  the  mundane 
fphere,  and  have  their  circumference  in  its  furface. 

Thefe  circles  are  either  fixed  or  moveable. 

The  latter  are  thofe  whofe  peripheries  are  in  the 

moveable 
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iiiovca'ole  or  revolvmg  furface  ; and  wlncli  therefore 
move  or  turn  with  it  ; as  the  meridians,  See,  The 
‘former,  having  their  periphery  in  the  immoveable  fur- 
hdce,  do  not  revolve  j as  the  ecliptic,  equator,  and  its 
parallels. 

The  cn  cles  of  the  fphere  are  eitlier  great  or  little. 

A Great  Circle  of  the  Sphere,  is  that  which  divides 
it  inio  two  equal  parts  or  heinifphcreSi  iiaviug-  the  fame 
centre  and  diameter  with  it.  As  the  horizon,  meridian, 
equator,  ecliptic,  the  colures,  and  the  azimuths. 

A Aittle,  or  Ceffer  Circle  of  the  Sphere,  divides  the 
fphere  into  two  unequal  parts,  having  neither  the  fame 
centre  nor  diameter  with  the  fphere  ; its  diameter  being 
only  fome  chord  of  the  fphere  lefs  than  its  axis.  Such 
.as  the  parallels  of  latitude,  &c. 

Circles  y/'A/zA/A,  or  Almucantars,  are  little  circles 
parallel  to  the  horizon,  having  their  common  pole  in  the 
'Zenith,  and  ftlll  diminifhing  as  they  approach  it.  They 
are  fo  called  from  their  life,  which  is  to  fliew  the  alti- 
Uude  of  a (far  above  the  horizon. 


Circles  of  Declination^  are  great  circles  interfering 
each  other  in  the  poles  of  the  world. 

Circle  of  Dijffationi  dn  Optics.  See  the  article 
Dissipation. 

Diurnal  Circles,  are  parallels  to  the  eqiiinorial, 
Tuppofed  to  be  deferibed  by  the  feveral  flars,  and  other 
points  of  the  heavens,  in  their  apparent  diurnal  rota- 
tion about  the  earth. 

Circle  Equant^  in  the  Ptolomaic  Aftronoray,  is  a 
circle  deferibed  onihe  centre  of  the  equant.  Its  chief 
life  is,  to  find  the  variation  of  the  firft  inequality. 

Circles  of  Excurfon,  are  little  circles  parallel  to  the 
ecliptic,  and  at  fuch  a diftance  from  it,  as  that  the  ex- 
curfions  of  the  planets  towards  the  poles  of  the  ecliptic, 
may  be  included  'wdthin  them  j being  ufually  fixed  at 
ebout  10  degrees. 

It  may  here  be  obferved,  that  all  the  circles  of  the 
'fphere,  deferibed  above,  are  transferred  from  the  hea- 
'vens  to  the  earth  ; and  fo  come  to  have  a place  in  geo- 
graphy as  well  as  in  aflronomy  : all  the  points  of  each 
circle  being  conceived  as  let  fall  perpendicularly  on  the 
.furface  of  the  terreflriai  globe,  and  thus  tracing  out  cir- 
cles perfectly  fimilar  to  them.  So,  the  terreflriai  equa- 
=tor  is  a circle  conceived  precifcly  under  the  equinoctial 
line,  which  is  in  the  heavens;  and  fo  of  the  reft. 

Horary  Circles,  in  Dialling,  are  the  lines  which 
Ihew  the  hours  on  dials.  Thefe  are  ftimight  lines  on 
the  dials,  but  called  circles  as  being  the  projections  of 
the  meridians. 

Horary  Circle,  or  Hour  Circle^  on  the  globe,  is 
n fmall  brazen  circle  fixed  to  the  north  pole,  divided  into 
24  hours,  and  furnifhed  with  an  Index  to  point  them  out, 
thereby  flievving  the  dIfFerence  of  meridians  in  time,  and 
ferving  for  the  folution  of  many  problems,  on  the  artifi- 
cial globes. 

Circle  of  Illumination,,  is  that  imaginary  circle  on 
,the  furface  of  the  earth,  which  feparates  the  illuminated 
fide  or  hemlfphere  of  the  earth  from  the  dark  fide  : 
and  all  lines  paffing  from  the  fun  to  the  earth,  being 
phyfically  parallel,  are  perpendicular  to  the  plane  of 
this  circle. 

Circles  of  Latitude,  or  Secondaries  of  the  Ecliptic , 
3.re  great  circlesperpendicular  to  the  plane  of  the  ecliptic, 


interfering  one  another  in  its  poles,  and  paffing  through 
every  flar  and  planet,  &c. — Thefe  are  fo  called,  becauk 
they  ferve  to  meafure  the  latitude  of  the  ftars,  which  is 
an  arch  of  one  of  thefe  circles,  interfedted  between  the 
flar  and  the  ecliptic. 

Circles  of  Longitude,  are  leffer  circles  pai'allel  to 
the  ecliptic,  diminiflnng  more  and  more  as  they  recede 
from  it,  or  as  they  approach  the  pole  of  that  circle. 

They  are  fo  called,  becaufe  the  longitudes  of  the 
flars  are  counted  upon  them. 

Circle^  Perpetual  Apparition,  one  o^  the  leffer  cir- 
cles parallel  to  the  equator,  deferibed  by  the  mofl  north- 
ern point  of  the  horizon,  as  the  fphere  revolves  round 
by  its  diurnal  motion. — i\.ll  the  liars  included  within 
this  ckcle,  are  continually  above  the  horizon,  and  fo 
never  fet. 

Circle  of  Perpetual  Occultation,  is  another  leffer  cir- 
cle at  a like  diftance  from  the  equator,  but  on  the  other 
fide  of  it,  being  deferibed  by  the  rnofl  foutiiern  point 
of  the  horizon,  and  contains  all  thofe  flars  which  never 
appear  in  our  hemlfphere,  or  which  never  rife. 

All  other 'llar-s,  being  contained  between  thefe  two 
circles,  do  alternately  rife  and  fet,  at  certain  momenU 
of  the  diurnal  rotation. 

Polar  CiPvCLEs,  are  immoveable  circles,  parallel  to 
the  equator,  and  at  fuch  a diflance  from  the  pole  as  is 
equal  to  the  greatefl  declination  of  the  ecliptic,  winch 
now  is  23°  28^.  That  next  the  northern  pole  is  called 
the  ardlic,  and  that  next  the  fouthern  one  the  antarClic. 

Circles  of  Poftion,  are  circles  paffing  through  the 
common  interfedlions  of  the  horizon  and  meridian,  and 
through  any  degree  of  the  ecliptic,  or  the  centre  of  any 
flar,  or  other  point  in  the  heavens  ; and  are  ufed  for 
finding  out  the  fituatlon  or  pofition  of  any  liar.  Thefe 
are  ufually  fix  in  number,  cutting  the  equinoctial  into  i 2 
equal  parts,  v,'hlch  the  afirologers  call  the  Celeilial 
Houfes,  and  hence  they  are  fometimes  called  Circles 
of  the  Celeflial  Houfes. 

CIRCUIT,  FJeclrical,  denotes  the  coinTe  of  the  elec- 
tric fluid  from  the  charged  furface  of  an  electric 
body,  to  the  oppolite  furface,  into  which  the  difeharge 
is  made.  Some  cleflriciaiis  at  flrft  apprehended, 
that  the  fame  particles  of  the  eledtric  fluid  that  were 
thrown  on  one  fide  of  the  charged  glafs,  actually  made 
the  whole  circuit  of  the  interveninp*  conduflors,  and  ar- 
rived  at  the  oppolite  fide  : whereas  Dr.  ITankliids 
theory  only  requires,  that  the  redundancy  of  eiedlric 
matter  on  the  charo;ed  furface  fliould  oafs  into  thofe 
bodies  which  form  that  part  of  the  circuit  which  is  con- 
tiguous to  it,  driving  forward  that  part  of  the  fluid  which 
they  naturally  poflels ; and  that  the  deficiency  of  the  ex- 
haulled  furface  fliould  be  fupplied  by  the  neighbouring 
conductors,  which  form  the  laft  part  of  the  circuit. 
On  this  flippofition,  a vibrating  motion  is  fucceffively 
communicated  througli  the  whole  length  of  the  circuit. 

Many  attempts  were  made,  both  in  France  and  Eng- 
land, at  an  early  period  in  the  practice  of  elcAricIty, 
to  afeertain  the  diftance  to  which  the  eleclric  fliock 
might  be  carried,  and  the  velocity  of  its  motion.  The 
French  pbilofophers,  at  different  times,  caufed  it  to  paia 
through  circuits  of  900  and  even  2000  toifes,  or  about 
2 Englifh  miles  and  a half;  and  they  difeharged  the 
Leyden  phial  through  a bafon  of  water,  whofe  furface 
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was  equal  to  about  one  acre.  M.  Monier  found  tliat, 
in  palling  through  an  iron  wire  of  950  toifes  in  length, 
it  did  not  fpend  a quarter  of  a fecond ; and  that  Its 
motion  was  inhantaneous  through  a wire  of  1319  feet. 
In  1747,  Dr.  Watfon,  and  other  Englifli  pliilofophers, 
after  many  experiments  of  a fimilar  kind,  conveyed  the 
eledlric  matter  through  a circuit  of  4 miles  ; and,  from 
two  feveral  trials,  they  concluded  that  its  paflage  is 
inftantaneous.  By  all  which  doubtlefs  is  meant,  that 
its  motion  is  too  rapid  to  be  meafured.  Piielllcy’s  Hift. 
of  Eleft.  vol.  I,  pa.  128,  8vo  edit. 

CIRCULAR,  appertaining  to  a circle  ; as  a circu- 
lar form,  circular  mo-tion,  &c» 

Circular  LIhcs^  a name  given  by  fom.e  ruthors  to 
fuch  ftraight  lines  as  are  divided  by  means  of  the  dlvi- 
fions  made  in  the  arch  of  a circle.  Such  as  the  Sines, 
Tangents,  Secants, 

Circular  hlnmbersy  are  fuch  as  have  them  powers 
ending  in  the  roots  themfelves.  As  the  number  5, 
whofe  fquare  is  and  its  cube  125,  &:c. 

Napier’s  Ci R cuLAR  Parts^  are  five  parts  of  a right- 
angled  or  a quadrantal  fpherical  triangle  ; they  are 
the  two  legs,  the  complement  of  the  hypothenufe, 
and  the  complements  of  the  two  oblique  angles. 

Concerning  thefe  circular  parts,  Napier  gave  a ge- 
neral rule  in  his  Logarhhmorurn  Canonis  Deferiptio, 
■which  is  this  ; “ The  reBangle  under  the  radius  and  the 
Jine  of  the  middle  part^  is  equal  to  the  reBangle  under  the 
tangents  of  the  adjacent  parts  ^ and  to  the  redangle  under  the 
cofines  of  the  oppofite parts.  The  right  angle  or  quadrantal 
fide  being  negledled,  the  two  fides  and  the  comple- 
ments of  the  other  three  natural  parts  are  called  the  cir- 
cular parts  ; as  they  follow  each  other  as  it  were  in  a 
circular  order.  Of  thefe,  any  one  being  fixed  upon  as 
the  middle  part,  thofe  next  it  are  the  adjacent,  and  thofe 
fartheil  from  it  the  oppofite  parts.”  Lord  Buchan’s 
Life  of  Napier,  pa.  98. 

This  rule  contains  within  itfelf  all  the  particular 
rules  for  the  folution  of  right-angled  fpherical  triangles, 
and  they  were  thus  brought  into  one  general  compre- 
henfive  theorem,  for  the  lake  of  the  memory ; as  thus, 
by  charging  the  memory  with  this  one  rule  alone  : All 
the  cafes  of  right-angled  fpherical  triangles  may  be  re- 
folved,  and  thofe  of  oblique  ones  alfo,  by'’  letting  fall  a 
perpendicular,  excepting  the  iwo  cafes  in  which  there 
are  given  either  the  three  fides,  or  the  three  angles. — 
And  for  thefe  a fimilar  expedient  has  been  dtvifed  by 
Lord  Buchan  and  Dr.  Mmto.  “ M.  Ringre,  in  the 
Memolres  de  Mathematique  et  de  Phyfique  for  the 
year  1756,  reduces  the  folution  of  all  the  cafes  of  fphe- 
rical triangles  to  four  analogies.  Thefe  four  analogies 
are  in  fabt,  under  another  form,  Napier’s  rule  of  the 
circular  parts,  and  his  fecond  or  fundamental  theorem, 
■with  its  application  to  the  fupplemental  triangle.  Al- 
though it  would  be  no  difficult  matter  to  get  by  heart 
tlie  four  analogies  of  M.  Plngie,  yet  there  are  few  per- 
fons  bleffed  with  a memory  capable  of  retaining  them 
for  any  confiderable  time.  For  this  reafon,  the  rule  for 
the  circular  parts  ought  to  be  kept  under  its  prefent 
form.  If  the  reader  attends  to  the  clrcumilance  of  the 
fecond  letters  of  the  words  tangents  and  cofines  being  the 
fame  with  the  firft  of  the  words  adjacent  and  oppofite^  he 
will  find  it  almoE  impoffible  to  forget  the  rule.  And 
Vql.  L. 


the  rule  for  the  folution  of  the  two  cafes  of  fpherical 
triangles,  for  which  the  former  of  itfelf  is  infufficient, 
may  be  thus  exprefied  : Of  the  circular  parts  of  an  oblique 
fpherical  triangle,  the  redangle  under  the  tangents  of  half 
the  fum  and  half  the  difference  of  the  fegments  at  the  middle 
part  (formed  by  a perpendicular  dra’wm  from  an  angle 
to  the  oppofite  fide),  is  equal  to  the  redanglc  under  the 
tangents  of  half  the  fum  and  half  the  difference  of  the  op-- 
pofte  parts.  By  the  circular  parts  of  an  oblique  fphe- 
rical triangle  are  meant  its  three  fides  and  the  fupple- 
ments  of  its  three  angles.  Any  of  thefe  fix  being 
affiimed  as  a middle  part,  the  oppofite  parts  are  thofd 
two  of  the  fame  denomination  with  it,  that  is,  if  the 
middle  part  is  one  of  the  fides,  the  oppofite  parts  are 
the  other  two,  and,  if  the  middle  part  is  the  fupple- 
ment  of  one  of  the  angles,  the  oppofite  parts  are  the 
fupplements  of  the  other  two. — Since  every  plane  tri- 
angle may  be  confidered  as  deferibed  on  the  furface  of 
a fphere  of  an  infinite  radius,  thefe  two  rules  may  be 
applied  to  plane  triangles,  provided  the  middle  part 
be  rellrlcfcd  to  a fide. 

“ Thus  it  appears  that  two  fimplc  rules  fuffice  for 
the  folution  of  all  the  poffible  cafes  of  plane  and  fphe- 
rical triangles.  Tliefe  rules,  from  their  neatnefs  and' 
the  manner  in  which  they  are  expreffed,  cannot  fail  of 
engraving  themfelves  deeply  on  the  memory  of  every 
one  w'ho  is  a little  verfed  in  trigonometry.  It  is  a 
circumflance  worthy  of  notice,  that  a perfon  of  a very 
w'cak  memory  may  carry  the  whole  art  of  trigonometry 
in  his  head.”  Napier’s  Life,  pa.  102. 

Circular  Sailing,  is  that  performed  in  the  arch  of 
a great  circle. — It  is  chiefly  on  account  of  the  fhortelt 
dillance  that  this  method  of  failing  has  been  propofed  ; 
and  for  the  mofl  part  it  is  advantageous  for  a ffiip  to 
reach  her  port  by  the  fliortell  courfe. 

As  the  folutloiis  of  the  cafes  in  Mercator’s  failinof 
are  performed  by  plane  triangles;  fo  the  cafes  in  great- 
circle  failing  are  refolved  by  the  folution  of  fpherical 
triangles.  But,  after  all,  the  feveral  cafes  in  this  kind 
of  failing  ferve  rather  for  exercifes  in  the  folution  of 
fplieilcal  triangles,  than  for  any  real  ufe  towards  the 
navigating  of  a Ihlp. 

Circular  Spots  are  made  on  pieces  of  metal  by 
large  eledli  lcal  explofions.  See  Philof.  Tranf.  vol.  58, 
pa.  68;  alio  Priellley’s  Hill,  of  Electricity,  vol.  2, 
feCt.  9,  edit.  3vo. 

Thefe  beautiful  fpots,  produced  by  tlie  moderate 
charge  of  a large  battery,  difeharged  between  two 
fmooth  furfaces  of  metals,  or  femi-metals,  lying  at  a 
fmall  dillance  fiom  each  other,  confilt  of  one  central 
fpot,  and  feveral  concentric  circles,  which  are  more  or' 
lefs  difllnCt,  and  more  or  few^er  in  number,  as  the  metal 
upon  which  they  are  marked  is  more  eafy  or  difficult 
of  fufion,  and  as  a greater  or  Icfs  force  is  employed. 
They  are  compofed  of  dots  or  cavities,  which  indicate 
a real  fufion.  If  the  explolion  of  a battery,  iffiilng 
from  a pointed  body,  be  repeatedly  taken  on  the  plain 
furface  of  a piece  of  metal  near  the  point,  or  be  re- 
ceived from  the  furface  on  a point,  the  metal  wa'll 
be  marked  with  a fpot,  confifting  of  all  the  prifmatic 
colours  dlfpofed  in  circles,  and  formed  by  fcales  of 
the  metal  feparated  by  the  force  of  the  explofion. 

Circular  Velocity,  a term  in  aErongmy  fignifying 
P p . that 
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tliat  velocity  of  a planet,  or  revolving  body,  which  is 
meafured  by  the  arch  of  a circle. 

Circulating  Dechnah^  called  alfo  recurring  or 
repeating  decimals,  are  thofe  in  which  a ligure  or  feve- 
ral  llgures  are  continually  repeated.  Tliey  are  diftin- 
guifhed  into  fmgle  and  multiple^  and  thefe  again  into 
pure  and  mixed. 

A pure  Jingle  circulate,  is  that  in  which  one  figure 

only  is  repeated  ; as  *222  &c,  and  is  marked  thus  *2. 

A pure  multiple  circulate,  is  that  in  which  feveral  fi- 
gures are  continually  repeated  ; as  ’232323  &c,  marked 

.23;  and  •5'24^24  &c,  marked  *524. 

A minced  fmgle  circulate,  is  that  which  confifts  of  a 
terminate  part,  and  a fmgle  repeating  figure  ; as  4*222 

&c,  or4’2.  And 

A mixed  multiple  circulate  is  that  which  contains  a 

terminate  part  with  feveral  repeating  figures ; as  43*524. 

That  part  of  the  circulate  which  repeats,  is  called 
the  repetend : and  the  whole  repetend,  fuppofed  infinite- 
ly continued,  is  equal  to  a vulgar  fraction,  whofe  nu- 
merator is  the  repeating  number,  or  figures,  and  its  de- 

nominator  the  fame  number  of  nines  : fo  *2  is  = 

« • • • ^ 

and  *23  is  ==  f ; and  -524  is  “-§.^-1. 

It  feems  it  was  Dr.  Wallis  who  firfi  diftin£tly  con- 
fidered,  or  treated  of  infinite  circulating  decimals,  as 
hehimfelf  informs  us  in  his  Treatife  of  Infinites.  Since 
his  time  many  other  authors  have  treated  on  this  part 
of  arithmetic ; the  principal  of  thefe  however,  to  whom 
the  art  is  mollly  indebted,  are  MelTrs.  Brown,  Cunn, 
Martin,  Einerfon,  Malcolm,  Donn,  and  Henry  Clarke, 
in  whofe  writings  the  nature  and  pradlice  of  this  art 
may  be  fully  feen,  efpecially  in  the  laft  mentioned  in- 
genious author. 

CIRCUMFERENCE,  in  a general  fenfe  denotes 
the  line  or  lines  bounding  any  figure.  But  it  is  com- 
monly ufed  in  a more  limited  fenfe,  to  denote  the  curve 
line  which  bounds  a circle,  and  which  is  otherwife  called 
t\\t  periphery  ; the  boundary  of  a right-lined  figure  be- 
ing exprefied  by  the  perimeter. 

The  circumference  of  a circle  is  every  where  equidif- 
tantfromthe  centre.  And  the  circumferences  of  different 
circles  are  to  one  another  as  their  radii  or  diameters,  or 
the  ratio  of  the  diameter  to  the  circumference  is  a con- 
fiant  ratio,  in  every  circle,  which  is  nearly  as  7 to  22,  as 
it  was  found  by  A^rchimedes,  or,  more  nearly,  as  i to 
3*1416.  Under  the  article  Circle  may  be  feen  various 
other  approximations  to  that  ratio,  one  of  which  is 
carried  to  128  places  of  figures,  viz  by  M.  De  Lagny. 

The  Circumference  of  every  circle  is  fuppofed  to  be 
divided  into  360  equal  parts,  called  Ao'rm.’—Any  part 
of  a circumference  is  called  an  arc  or  arch  ; and  a right 
line  drav/n  from  one  end  of  an  arc  to  the  other,  is  called 
its  chord. — The  angle  at  the  circumference  is  equal  to 
half  the  angle  at  the  centre,  ftanding  on  the  fame  arc; 
and  therefore  it  is  meafured  by  the  half  of  that  arc. 

CIRCUMFERENTOR,  a particular  infirument 
ufed  by  furveyors  for  taking  angles.  It  confifts  of  a 
brafs  circle  and  index  all  of  a piece;  the  diameter  of  tlie 
circle  is  commonly  about  7 inches;  the  index  about  14 
inches  long,  and  an  inch  and  a half  broad.  On  the  cir- 
cle is  a card  or  compafs,  divided  into  360  degrees ; the 


meridian  line  of  which  anfwers  to  the  middle  of  the 
breadth  of  the  index.  On  the  limb  or  circumference  of 
the  circle  is  foldercd  a brafs  ring  ; which,  with  another 
fitted  with  a glafs,  forms  a kind  of  box  for  the  needle, 
w'hich  is  fufpended  on  a pivot  in  the  centre  of  the  circle. 
There  are  alfo  two  fights  to  ferew  on,  and  Aide  up  and 
down  the  index,  as  alfo  a fpangle  and  focket  ferewed  on 
the  under  fide  of  the  circle,  to  receive  the  head  of  the 
three-legged  ftaff. 


To  tahcf  or  ohfernjc  the  ^lanilty  of  an  Angle  hy  the 
Circumferentor.  The  angle  propofed  being  EKG; 
place  the  inftrument  at  K,  with  the  flower-de-luce  of 
the  card  towards  you  ; then  diredl  the  fights  to  E,  and 
obferve  what  degrees  are  cut  by  the  fouth  end  of  the 
needle,  w*hich  let  be  295  ; then,  turning  the  inftrument 
about  on  its  ftand,  direft  the  fights  to  G,  noting  again 
what  degrees  are  cut  by  the  fouth  end  of  the  needle, 
which  fuppofe  are  213.  This  done,  fubtraCl  the  lefs 
number  from  the  greater,  viz,  213  from  295,  and  the 
remainder,  or  82  degrees,  is  the  quantity  of  the  angle 
EKG  fought. 

CIRCUMGYRATION,  is  the  whirling  motion 
of  any  body  about  a centre;  as  of  the  planets  about  the 
fun,  &c. 

CIRCUM  POLAR  Stars,  are  thofe  ftars  which, 
by  reafon  of  their  vicinity  to  the  pole,  move  round 
it,  without  fetting. 

CIRCUMSCRIBED  Figure,  is  a figure  which  is 
drawn  about  another,  fo  that  all  its  fides  or  planes 
touch  the  latter  or  inferibed  figure. 

The  area  and  perimeter  of  every  polygon  that  can 
be  circumfenbed  about  a circle,  are  greater  than  thofe 
of  the  circle  ; and  the  area  and  perimeter  of  every  in- 
fcribed  polygon,  are  lefs  than  thofe  of  the  circle  ; but 
they  approach  always  nearer  to  equality  as  the  number 
of  tides  is  more.  And  on  thefe  principles  Archimedes, 
and  fome  other  authors  fince  his  time,  attempted  the 
quadrature  of  the  circle ; vAich  is  nothing  elfe,  in  effe6l, 
but  the  meafuring  the  area  or  capacity  of  a circle. 

Circumscribed  Hyperbola,  is  one  of  Newton^s  hy- 
perbolas of  the  2d  order,  that  cuts  its  afymptotes,  and 
contains  the  parts  cut  off  within  its  owm  fpace. 

Cl RCUMV ALLAXION,  ox  Line  of  Ctrcnmnah 
latlon,  in  the  Art  of  War,  is  a trench,  bordered  with  a 
parapet,  thrown  up  around  the  hefieger’s  camp,  as  a 
feciirity  againft  any  army  that  may  attempt  to  relieve 
the  place,  as  well  as  to  prevent  defertion. 

CIRCUMVOLUTION,  in  Architedlure,  the  torus 
of  the  fpiral  line  of  the  Ionic  Order. 

ClSbOID,  is  a curve  line  of  the  fecond  order,  in- 
vented 
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vented  by  Diodes  for  the  piirpofe  of  finding  two  con- 
tinued mean  proportionals  between  two  other  given 
lines.  The  generation  or  defcn’ption  of  this  curve  Isas 
follows : 

On  the  extremity  B of  the  di- 
ameter AB  of  the  circle  A OB, 
eredt  tlie  indefinite  perpendicu- 
tar  CBD,  to  which  from  the 
other  extremitv  A draw  ftveral 
lines,  cutting  the  circle  in  I,0,N, 

Sic  ; and  upon  thefe  lines  fet  off 
the  corrtfponding  equal  dif- 
tances,  viz,  HM  AT,  and 
FO  = AO,  and  CL  AN, 

&:c;  then  the  curve  line  drawn  ^ 
through  all  the  points  M,  O,  L, 

&c,  is  the  ciffoid  of  Diccles, 
who  was  an  ancient  Greek  geo- 
metrician. 

This  curve  is,  by  Newton, 
reckoned  amom^  tlie  defedive 
hyperbolas,  being  the  qzd  fpecies 
in  his  ErMmsrailo  Einearum  itr- 
tii  ordinh.  And  in  his  appen- 
dix de  JEquaiionum  ConJI  nidi  one 
Linearly  at  the  end  of  his 
Arithmctira  Unh^erfalis^  he  gives  another  elegant  method 
of  deferibing  this  curve  by  the  continual  motion  of  a 
fquare  ruler.  Other  methods  have  alfo  been  devifed  by 
different  authors  for  the  fame  tiling. 

E'he  Properties  of  the  Cffoid  are  the  following  : 

1.  The  curve  has  two  infinite  legs  AhlOL,  Amol 
meeting  in  a cufp  A,  and  tending  continually  towards 
the  indefinite  line  CBD,  which  is  their  comimon  afymp- 
tote, 

2.  The  curve  paffes  through  O and  c,  points  in  the 
circle  equally  diftant  from  A and  B ; or  it  bifeds  each 
femicircle. 

3.  Letting  fall  perpendiculars  MP,  IK  trom  any  cor- 
refponding  points  I,  M ; then  is  AP  — BK,  and  AM 
= HI,  becaufe  AI  = MH. 

4.  AP  : PB  : : MP^  : AP^.  So  that,  If  the  diame- 
ter AB  he  = a,  the  abfeifs  AP  =:  .r,  and  the  ordi- 
nate PiM  = y ; then  is  x : a — x ::  y^  : x^j  or  = 

a ^ X X y^  ; which  is  the  equation  of  the  curve. 

5.  Sir  Ifaac  Newton,  In  his  kill  letter  to  M.  Leibnitz, 
lias  fhewn  how  to  find  a right  line  equal  to  one  of 
the  legs  of  this  curve,  by  means  of  the  hyperbola  ; but 
he  fuppreffed  the  invefllgation,  which  however  may  be 
feen  in  his  Fluxions. 

6.  The  whole  infinitely  long  ciffoldal  fpace,  con- 
tained between  the  infinite  afymptote  BCD,  and  the 
curves  LOAo/  See,  of  the  ciffoid,  is  equal  to  triple  the 
generating  circle  AOBoA. 

See  more  of  this  curve  in  Dr.  Wallis,  vol.  i,  pa.  545* 

CIVIL  dJoy.  See  Day. 

Civil  Month.  See  Month. 

Civil  Tear,  is  the  legal  year,  or  annual  account  of 
time,  which  every  government  appoints  to  be  ufed 
within  its  own  dominions. 

It  is  fo  called  in  contradiflindion  to  the  natural  year, 


which  is  mcafured  cxadly  by  the  revolution  of  the 
heavenly  bodies. 

CLAIRAULT  ( ALExis-CLAtrnE),  a celebrated 
French  mathematician  and  academician,  was  born  at 
Paris  the  1 3th  of  May  1713,  and  died  the  1 7th  of  May 
1765,  at  52  years  of  age.  His  father,  a teacher  of 
mathematics  at  Paris,  was  liis  folc  inftrudor,  teaching 
him  even  the  letters  of  the  alphabet  on  the  figures  of 
Luclid’s  Elements,  by  which  he  was  able  to  read  and 
write  at  4 years  of  age.  By  a fimilar  ftratagem  it  was 
ti.at  c ilculations  were  rendered  familiar  to  liim.  At  9 
yeats  of  age  he  put  into  his  hands  Guifnd’s  Application 
of  Algebra  to  Geometry  ; at  10  he  fludied  PHopitaPs 
Conic  Sedions  ; and  between  12  and  13  he  read  a 
m m .'ir  to  the  Academy  of  Sciences  concerning  four 
new  Ceornetneal  curves  ol  his  own  invention.  About 
the  fame  time  he  laid  the  fird  foundation  of  his  work, 
upon  curves  that  have  a double  curvature,  which  he 
finilhed  in  1729,  at  16  years  of  age.  Pie  was  named 
Adjoint-Mechanician  to  the  Academy  in  i 731,  at  the 
age  ot  18,  Afi'oeiate  in  1733,  and  Penfioner  in  173S  ; 
during  his  connedion  witli  the  Academy,  he  had  a 
great  multitude  of  learned  and  Ingenious  communica- 
tions inferted  in  theii-  Memoirs,  befide  feveral  other 
works  which  he  publilhed  feparately  ; the  lift  of  which 
is  as  follows. 

1.  On  Curves  of  a Double  Curvature  ; in  1730,  4to, 

2.  Elements  of  Geometry;  1741,  8vo. 

3.  Theory  of  the  Figure  of  the  Earth  ; 1743) 

4.  Elements  of  Algebra  ; 1746,  8vo. 

3.  Tables  of  the  Moon  ; 1774,  8vo. 

His  papers  inferted  in  the  Memoirs  of  the  Academy 
are  too  numerous  to  be  particularlfed  here  ; but  they 
may  be  found  from  the  year  1727,  for  almoft  every  year 
till  1 762  ; being  upon  a variety  of  fubjeds,  aftrono- 
mical,  mathematical,  optical,  &c. 

CLAVIUS  (Christopher),  a German  Jefuit,  was 
born  at  Bamberg  in  Germany,  in  153^.  He  became 
a very  ftudious  mathematician,  and  elaborate  writer  ; 
his  works,  when  collected,  and  clofely  printed,  making 
5 large  folio  volumes  ; being  a complete  body  or  courfe 
of  the  mathematics.  They  aie  moftly  elementary,  and 
commentaries  on  Euclid  and  others ; having  very  little 
of  invention  of  his  own.  His  talents  and  writings  have 
been  varionfly  fpoken  of,  and  it  nuift  be  acknowledged 
that  they  are  heavy  and  elaborate.  He  was  fent  for  to 
Rom.e,  to  afiilf,  witli  other  learned  men,  in  the  refor- 
mation of  the  calendar,  by  pope  Gregory  ; which  he 
afterward  undertook  a defence  of,  a(>-alnft  Scalio-er, 
Vietn,  and  others,  who  attacked  it.  He  died  at  Rome, 
the  6th  of  Pkbruary,  1612,  at  75  years  of  age,  after 
more  than  50  years  clofe  application  to  the  mathema- 
tical fclences. 

CLEEF.  See  Clif. 

CLERC  (John  le),  a celebrated  writer  and  unl- 
verfal  Icholar,  was  born  at  Geneva  in  1677.  After 
pafling  through  the  ufiial  courfe  of  ftudy  at  Geneva,  he 
went  to  France  in  1678  ; but  returning  the  year  after, 
he  took  holy  orders.  In  1682  LeClerc  vifited  England, 
to  learn  tlie  language  : but  the  fmoky  air  of  London 
not  agreeing  with  his  lungs,  he  foon  returned  to  Hol- 
land, where  he  fettled  ; and  was  appointed  jirofcfTor  of 
philofophy,  polite  literature,  and  the  Hebrew  tongue, 
in  the  fchool  at  Amfierdam.  Here  he  long  continued 
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to  read  ledbures ; for  which  purpofe  he  drew  up  and 
piiblifhed  his  Logic,  Ontology,  Pneiimatology,  and 
Natural  Philofophy,  He  publifhed  alfo  Ars  Critlca ; 
a Commentary  on  the  Old  Teftament ; a Compendium 
of  Univerfal  Hiftory  ; an  Ecclefiafticai  Hiftory  of  the 
two  firft  centuries ; a French  trandation  of  the  New 
Teilament,  and  other  works.  In  1686,  he  began, 
jointly  with  M.  de  la  Crofe,  his  BihTiotheque  Univerfelle 
et M'lfionque,  in  imitation  of  other  literary  journals  ; 
which  was  continued  to  the  year  1693,  making  26 
volumes.  In  1703  he  began  his  Bibliotbeqne  Choifie.^ 
and  continued  it  to  1714,  when  he  commenced  another 
work  on  the  lame  plan,  called  BihUotheque  Ancienne  et 
Moderne^  which  he  continued  to  the  year  1728  ; all  of 
them  juftly  efteemed  excellent  Ilores  of  ufeful  know- 
ledge. He  publidied  alfo,  in  1713,  a neat  little  treatife 
on  Pradlical  Geometry,  in  2 vols.  fmall  8vo,  called, 
Pradique  de  la  Geotmtrie^  fur  le  papier  et  fur  le  terrain. 
In  1728  he  was  feized  with  a palfy  and  fever;  and, 
after  fpending  the  lalt  fix  years  of  his  life  with  little  or 
no  iinderiLanding,  he  died  in  1736,  at  79  years  of  age. 

CLEPSYDRA,  a kind  of  water  clock,  or  an  hour- 
glafs  ferving  to  m.eafure  time  by  the  fall  of  a certain 
quantity,  commonly  out  of  one  veffel  into  another.”— 
There  have  been  alfo  clepfydrse  made  with  qiiickfilver ; 
and  the  term  is  alfo  ufed  for  hour-glaiTes  of  fand. 

By  this  inilrument  the  Egyptians  meafured  their 
time  and  the  courfe  of  the  fun.  Alfo  Tvcho  Brahe, 
in  modern  times,  made  ufe  of  it  to  meafure  the  motion 
of  the  ftars,  See  ; and  Dudley  ufed  the  fame  contrivance 
in  making  all  his  maritime  obfervations. 

The  ufe  of  Ciepfydrm  is  very  ancient.  They  were 
probably  invented  dn  Egypt  under  the  Ptolemys  ; 
though  fome  authors  aferibe  the  invention  of  them  to 
the  Greeks,  and  others  to  the  Romans.  Pliny  informs 
us,  that  Scipio  Nafica,  about  150  years  before  Chrift, 
gave  the  firil  hint  for  the  conftrudlion  of  them  : and 
Pancirollus  has  particularly  deferibed  them.  According 
to  his  account,  the  clepfydra  was  a vefl'el  made  of  glafs, 
with  a fmall  hole  in  the  bottom,  edged  with  gold  ; in 
the  upper  part  of  this  veffel  a line  was  drawn,  and  marked 
with  the  12  hours  : the  veffel  was  filled  with  water,  and 
a cork  with  a pin  fixed  in  it  floated  on  the  furface, 
pointing  to  the  firli  hour;  and  as  the  water  funk  in  the 
veffel  by  iffuing  out  of  the  fmall  hole,  the  pin  indi- 
-catedthe  other  hours  as  it  deicended. 

Clepfydras  were  chiefly  ufed  in  the  winter  ; as  fun- 
dials  ferved  for  the  fummer.  They  had  however  two 
great  defedts  ; the  one,  that  the  water  ran  out  more  or 
lefs  eafily,  as  the  air  was  more  or  lefs  denfe  ; the  other, 
that  the  water  flowed  more  rapidly  at  the  beginning, 
than  towards  the  conclufion  when  its  quantity  and  pref- 
iure  were  much  decreafed.  Amontons  has  invented  a 
clepfydra  which,  it  is  faid,  is  free  from  both  thefe  in- 
conveniences;' and  the  fame  effedt  is  produced  by  one 
deferibed  by  Mr.  Hamilton,  in  the  Philof.  Trank  vol. 
44,  pa.  171,  or  Abridg.  vol.  10,  pa.  248-  Varignon 
too,  in  the  Memoires  deT Acad.  1699,  delivers  a general 
geometrical  method  of  making  clepfydrjE,  or  water- 
clocks,  with  any  kind  of  veffels,  and -with  any  given 
orifices  for  the  water  to  run  through. 

Vitruvius,  in  lib.  9 of  his  Achitedture,  treats  of  thefe 
inftruments  ; and  Pliny  in  chap.  60,  lib.  7,  fays  that 
Scipio  Nafica  was  the  fiifl  who  meafured  time  at  Rome 


by  clepfydra®,  or  water-clocks.  Gefner,  in  his  Pail* 
dedls  pa.  91,  gives  feveral  contrivances  for  thefe  inftra*- 
ments.  Solomon  de  Cans  alfo  treats  on  this  fubjedf  in 
his  Reafons  of  Moving  Forces  &c.  So  alfo  does  Oza- 
nam,  in  his  Mathematical  Recreations,  in  which  is  con- 
tained a Treatife  on  Elementary  Clocks,  tranflated  from 
the  Italian  of  Dominique  Martinelli,  There  is  like- 
wife  a treatife  on  Hour-Glaffes  by  Arcangelo  Maria 
Radi,  called  Nova  Scein%a  de  Horologi  Polvere.  See 
alfo  the  Pechnica  Curiofa  of  Gafper  Schottus  ; and 
Amonton’s  Remarques  & Experiences  Phyfiques  fur 
la  Conilrudtion  d’une  nouvelle  Clepfydre,  exempte  des 
defauts  des  autres. 

CLIFF,  or  Cleff,  a terrp  in  Mufic,  for  a certain 
mark,  from  the  pofitlon  of  which  the  proper  places  of 
all  other  notes  in  a piece  of  mufic  are  known. 

CLIMACTERIC,  a critical  year  in  a perfoirs  life. 

According  to  forne,  this  is  every  7th  year  : but  others 
allow  it  only  to  thofe  years  produced  by  multiplying  7 
by  the  odd  numbers  3,  5,  7,  9.  Thefe  yeafs,  fay  they, 
bring  wdth  them  fome  remarkable  change  with  refpeef 
to  health,  life,  or  fortune  : the  grand  climadteric  is  the 
63d  year  ; but  fome  add  alfo  the  8 iff  to  it : the  other 
remarkable  climadterics  are  the  7th,  2 iff,  35th,  49th, 
and  56th. 

CLIMATE,  or  Clime,  in  Geography,  a part  of  the 
furface  of  the  earth,  bounded  by  two  leifer  circles  paral- 
lel to  the  equator  ; and  of  fuch  a breadth,  as  that  the 
longefl;  day  in  the  parallel  nearer  the  pole  exceeds  the 
longeft,  day  in  that  next  the  equator,  by  fome  certain 
fpace,  as  half  an  hour,  or  an  hour,  or  a month. 

The  beginning  of  a climate,  is  a parallel  circle  in 
•udiich  the  day  is  the  fliorteft  ; and  the  end  of  the  cli- 
mate, is  that  in  which  the  day  is  the  longeft.  The  cli- 
mates therefore  are  reckoned  from  the  equator  to  the 
pole  ; and  are  fo  many  zones  or  bands,  terminated  by 
lines  parallel  to  the  equator  : though,  in  ftrihlnefs,  there 
are  feveral  climates,  or  different  degrees  of  light  or 
temperature,  in  the  breadth  of  one  zone.  Each  cli- 
mate only  differs  from  its  contiguous  ones,  in  that  the 
longeft  day  in  fummer  is  longer  or  ihorter,  by  half  an 
hour,  for  inftance,  in  the  one  place  than  in  the  other. 

As  the  climates  commence  at  the  equator,  at  the  be- 
ginning of  the  firft  climate,  that  is  at  the  equator,  the 
day  isjuff  1 2 hours  long  ; but  at  the  end  of  it,  or  at  the 
beginning  of  the  2d  climate,  the  longeft  day  is  1 2 hours 
and  a half  long;  and  at  the  end  of  the  2d,  or  begin- 
ning of  the  3d  climate,  the  longeft  day  is  13  hours  long; 
and  fo  of  the  reft,  as  far  as  the  polar  circles,  wdiere  the 
hour  climates  terminate,  and  month  climates  commence. 
And  as  an  hour  climate  is  a fpace  comprifed  between 
tw»  parallels  of  the  equator,  in  the  firft  of  which  the 
longeft  day  exceeds  that  in  the  latter  by  hall  an  hour; 
fo  the  month  climate  is  a fpace  contained  between  tw^o 
circles  parallel  to  the  polar  circles,  and  having  itslongell 
day  longer  or  (horter  than  that  of  its  contiguous  one, 
by  a month,  or  30  days.  But  fome  authors,  as  Ricci- 
olus,  make  the  longeft  day  of  the  contiguous  climates 
to  differ  by  half  hours,  to  about  the  latitude  of  43  de- 
grees; then  to  differ  by  an  hour,  orfometimes2  hours, 
to  the  polar  circle  ; and  after  that  by  a month  each. 
See  tables  of  climates  in  Varenlus,  chap.  25,  prop.  13. 

The  ancients,  who  confined  the  climates  to  what  they 
thouglit  the  habitable  parts  of  the  earth,  reckoned  only 
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feven,  the  middles  of  which  they  made  to  pafs  through 
Tome  remarkable  places  ; as  the  ill  through  Meroe,  the 
2d  through  Sienna,  the  3d  through  Alexandria,  the  4th 
through  Rhodes,  the  5th  through  Rome,  the  6th 
through  Pontus,  and  the  7th  through  the  mouth  of  the 
Roryilhenes.  But  the  moderns,  who  have  failed  far- 
ther toward  the  poles,  make  30  climates  on  each  fide. 

Vulgarly  the  term  Climate  is  bellowed  on  any  country 
or  region  differing  from  another  either  in  refpedl  of  the 
feafons,  the  quality  of  the  foil,  or  even  the  manners  of 
the  inhabitants  ; without  any  regard  to  the  length  of  the 
longell  day.  Abulfeda,  an  Arabic  author,  dilHnguIflics 
the  hrfl  kind  of  climates  by  the  term  fra/  climates^  and 
the  latter  by  that  of  apparent  climates, 

CLOCK,  a machine  now  conlhudled  in  fuch  a man- 
ner, and  fo  regulated  by  the  uniform  motion  of  a pen- 
'dulum,  as  to  meafure  time,  and  all  its  fubdivilions,  with 
great  exadlnefs.  Before  the  invention  of  the  pen- 
dulum, a balance,  not  unlike  the  lly  of  a kitchen-jack, 
was  ufed  inftead  of  it. — They  were  at  firll  called  noc- 
turnal dials  to  dillinguifh  them  from  fun-dials,  which 
die  wed  the  hour  by  the  fhadow  ol  the  fun. 

The  invention  of  clocks  with  wheels  is  afcribed  to 
Pacificus,  archdeacon  of  V'erona,  in  the  9th  century, 
on  the  credit  of  an  epitaph  quoted  by  Ughelli,  and  bor- 
rowed by  him  from  Panvinius.  Others  attribute  the 
invention  to  Boethius,  about  the  year  310. 

Mr.  Derham,  however,  makes  clogk-work  of  a much 
older  date  ; ranking  Archimedes’s  fphere,  mentioned 
by  Claudian,  and  that  of  Fofidonius,  mentioned  by 
C^icero,  among  machines  of  tliis  kind  : not  that  either 
their  form  or  ufe  w'ere  the  lame  w'ith  thofe  of  ours  ; but 
‘that  they  had  their  motion  from  lome  hidden  w’eights, 
or  fprlngs,  w'lth  wheels  or  pulleys,  or  lome  fuch  clock- 
work principle. 

In  the  Difquifitiones  Monajlicce  of  Benedidlus  Haef- 
ten,  publifhed  in  the  year  1644,  he  fays,  that  clocks 
were  invented  by  Silvelltr  the  4th,  a monk  of  his  order, 
about  the  year  998,  as  Dithmarus  and  Bozins  have 
fhewn  ; for  before  that  time,  they  had  nothing  but  fun- 
dials  and  clepfydrse  to  flievv  tire  hour. — Conrade  Gefner, 
in  his  Epitome,  pa,  604,  fay's,  that  Ricliard  Walling- 
ford, an  Englilh  abbot  of  St.  Albans,  who  flourillicd  in 
the  y'ear  1326,  made  a wonderful  clock  by  a mod  excel- 
lent art,  the  like  of  which  could  not  be  produced  by  all 
Europe. — Moreri,  under  the  word  Horologe  du  Palais, 
fays,  that  Charles  the  Fifth,  called  the  wife  king  of 
France,  ordered  at  Paris  the  firll  large  clock  to  be  made 
by  Henry  de  Vie,  wdiom  he  fent  for  from  Germany,  and 
fet  it  upon  the  tow'er  of  his  palace,’  in  the  year  i 372. — 
John  Froiirart,in  his  Hijioire  Id  Chroniqiie^yoX.  2,,ch.  28, 
fays,  the  duke  of  Bourgogne  had  a clock,  which  founded 
the  hour,  taken  away  from  the  city  of  Courtray,  in  the 
year  1382  : and  the  lame  thing  is  faid  by  Wm,  Paradin, 
in  his  Annalcs  de  Bourgogne. 

Clock-makers  were*  firll  introduced  into  England  in 
1368,  when  Edward  the  3d  granted  a licence  lor  tliree 
artills  to  come  over  from  Dellt  in  Holland,  and  praclile 
their  occupation  in  this  country. 

The  water-clocks,  or  clepfydrtc,  and  fun-dials,  liave 
both  a muclr  better  claim  to  antiquity.  The  Fren  ch 
annals  mention  one  of  the  former  kind,  fent  by  Aaron, 
king  of  Perfia,  to  Charlemagne,  about  the  year  807, 
tvhich  it  would  feem  boie  feme  refemblance  to  the 


modern  clocks : it  w’as  of  brafs,  and  Ihewed  the  hours 
by  12  little  balls  of  the  fame  metal,  wdiich  at  the  end 
of  each  hour  fell  upon  a bell,  and  made  a found.  There 
w'ere  alfo  figures  of  1 2 cavaliers,  wEich  at  the  end  of 
each  hour  came  out  through  certain  apertures,  or  win- 
dow's, in  the  fide  of  the  clock,  and  fliut  them  again,  &c. 

The  invention  of  pendulum  clocks  is  owing  to  the 
happy  indullry  of  the  lall  age  ; and  the  honour  of  that 
difeovery  is  difputed  betw'een  Galileo  and  Huygens. 
The  latter,  wdio  wrote  an  excellent  volume  on  the  fub- 
jedl,  declares  it  w'as  firll  put  in  pradlice  in  the  y'ear 
1657,  and  the  defeription  of  it  printed  in  1658.  Becher, 
He  Nova  Hemporis  dunetiendi  Hheoria,  anno  i 680,  con- 
tends for  Galileo  ; and  relates,  though  at  fecond-hand, 
the  w’hole  hillory  of  the  invention  ; adding  that  one 
Trefler,  clock-maker  to  the  father  of  tlie  then  grand 
duke  of  Tufean)',  made  the  firll  pendulum  clock  at 
Florence,  under  the  direction  of  Galileo  Galilei,  a pat- 
tern of  w'hich  was  bi'ought  to  Holland.  And  the  Aca- 
demy del  Cimento  fay  exprefsly,  that  the  application 
of  the  pendulum  to  the  movement  of  a clock  w'as  firll 
propofed  by  Galileo,  and  put  in  practice  by  his  foil 
Vincenzo  Galilei,  in  1649.  But  wdioever  may'  have 
been  the  inventor,  it  is  certain  that  the  invention  never 
flourilhed  till  it  came  into  the  hands  of  Huygens,  who 
infills  on  it,  that  if  ever  Galileo  thought  of  fuch  a thing, 
he  never  brought  it  to  an\'degi-ee  of  perfedlion.  The 
firll  pendulum  clock  made  in  England  was  in  the  year 
1662,  by  one  Fromantil,  a Dutchman. 

Among  the  modern  clocks,  thofe  of  Strafburg  and 
Lyons  are  very  eminent  for  the  rlchnefs  of  their  furui- 
ture,  and  the  variety  of  their  motions  and  figures.  In 
the  former,  a cock  claps  his  wings,  and  proclaims  the 
hour:  the  angel  opens  a door,  and  falutcs  the  Virgin; 
and  the  holy  fpirlt  defeends  on  her,  8cc.  In  the  latter, 
two  horfemen  encounter,  and  beat  the  hour  upon  each 
other  : a door  opens,  and  there  appears  on  the  theatre 
the  Virgin,  with  Jefus  Chrlll  in  her  arms;  the  Magi, 
with  their  retinue,  marching  in  order,  and  prefenting 
their  gifts  ; tw'o  trumpeters  founding  all  the  while  to 
proclaim  the  procelfion. 

Thefe,  however,  are  far  excelled  by  two  that  liave 
I lately  been  made  by  Englifli  artills,  as  a prefent  from 
the  Eafl-India  company'  to  the  emperor  of  China, 
Thefe  tw’o  clocks  are  in  the  form  of  chariots,  in  each 
of  W'hich  a lady  is  placed,  in  a fine  attitude,  leaning 
licr  right  hand  upon  a part  of  the  chariot,  under  wdiich 
appears  a clock  of  curious  w'orkmanlliip,  little  larger 
than  a fliilling,  that  llrikes  and  repeats,  and  goes  for 
eight  days.  Upon  the  lady’s  finger  fits  a bird,  finely 
modelled,  and  fet  with  diamonds  and  rubies,  wdth  its 
wings  expanded  in  a flying  pollure,  and  actually  flutters 
for  a conliderable  time,  on  touching  a diamond  button 
below  it  ; the  body  of  the  bird,  in  which  are  contained 
part  of  the  wheels  that  animate  it  as  it  w'erC,  is  Icfs 
than  the  i6th  part  of  an  inch.  The  lady  holds  in  her 
left  hand  a golden  tube  little  thicker  than  a large  pin, 
on  the  top  of  which  is  a fmall  round  box,  to  which  is 
fixed  a circular  ornament  not  larger  than  a fixpence, 
fet  with  diamonds,  which  goes  round  in  near  three 
hours  in  a conrtant  regular  motion.  Over  the  lady’s 
head  is  a double  umbrella,  fupported  by  a fmall  fluted 
pillar  not  thicker  than  a quill,  and  under  the  larger  of 
W'hich  a bell  is  fixed  at  a confiderable  diilance  from  the 
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clock,  ivith  wKIcli  it  feems  not  to  have  any  conne6lion  ; 
but  from  which  a communication  is  fecretly  conveyed 
to  a hammer,  that  regularly  ftrikes  the  hour,  and  re- 
peats the  fame  at  plcafure,  by  touching  a diamond  but- 
ton fixed  to  the  clock  below.  At  the  feet  of  the  lady 
is  a golden  dog  ; before  which,  from  the  point  of  the 
chariot,  are  two  birds  fixed  on  fpiral  fprings,  the  wings 
and  feathers  of  vrhich  are  fet  with  fiones  of  various  co- 
lours, and  they  appear  as  if  flying  away  with  the 
chariot,  which,  from  another  fecret  motion,  is  contrived 
to  run  in  any  diredfion,  either  ftraight  or  circular,  &c; 
whilft  a boy,  that  lays  hold  of  the  chariot  behind,  feeras 
alfo  to  pufli  it  forwards.  Above  the  umbrella  are 
flowers  and  ornaments  of  precious  fiones ; and  it  ter- 
minates with  a flying  dragon  fet  in  the  fame  manner. 
The  whole  is  of  gold,  moft  curioufly  executed,  and 
embelliflied  with  rubies  and  pearls. 

The  ingenious  Dr.  Franklin  contrived  a clock  to 
fliewthe  hours,  minutes,  and  feconds,  with  only  three 
wheels  and  two  pinions  in  the  whole  movement.  The 
dial-plate  has  the  hours  engraven  upon  it  in  fpiral  fpaccs 
along  two  diameters  of  a circle,  containing  four  tim.es 
60  minutes.  ihe  index  goes  round  in  four  hours,  and 
counts  the  minutes  from  any  hour  by  which  it  has  paffed 
to  the  next  following  hour.  The  fmall  hand,  in  an 
arch  at  top,  goes  round  once  in  a minute,  and  fhews 
the  feconds.  The  clock  is  wound  up  by  a line  going 
over  a pulley,  on  the  axis  of  the  great  wheel,  like  a 
common  30  hour  clock.  Many  of  thefe  very  fimple 
machines  have  fince  been  conftrudted,  that  meafure  time 
exceedingly  well.  This  clock  is  fubjed,  however,  to 
the  inconvenience  of  requiring  frequent  winding,  by 
drawing  up  the  weight ; as  alfo  to  fome  uncertainty  as 
to  the  particular  hour  fliewn  by  the  index. 

Mr.  Fergufon  has  propofed  to  remedy  thefe  incon- 
veniences by  another  confirudtion,  which  is  deferibed 
in  his  Seledl  Exercifes,  pa.  4.  This  clock  will  go  a 
week  without  winding,  and  always  fiiews  the  precife 
hour ; but,  as  Mr.  Fergufon  acknowledges,  it  has  two 
difadvantages  which  do  not  belong  to  Dr.  Franklin’s 
clock:  wFen  the  minute  hand  is  adjufted,  the  hour 
plate  muft  alfo  be  fet  right,  by  means  of  a pin  ; and 
the  fmallnefs  of  the  teeth  in  the  pendulum  wheel  will 
caufe  the  pendulum  oall  to  defenbe  but  frnall  arcs  in  its 
vibrations  ; and  therefore  the  momentum  of  the  ball 
will  be  lefs,  and  the  times  or  the  vibrations  wdl  be  more 
aflefted  by  any  unequal  impulfe  of  the  pendulum  wheel 
on  the  pallets.  Befides,  the  v/eight  of  the  flat  ring, 
on  which  the  feconds  are  engraven,  will  load  the  pivots 
of  the  axis  of  the  pendulum  wheel  with  a great  deal  of 
friaion,  which  ought  by  all  pofiible  means  to  be  avoided. 
To  remedy  this  inconvenience,  the  feconds  plate  might 
be  omitted. 

Mr.  Fergufon  alfo  contrived  a clock,  fliewing  the 
apparent  diurnal  motions  of  the  fun  and  moon,  the  age 
and  phafes  of  the  moon,  with  the  time  of  her  coming 
to  the  meridian,  and  the  times  of  high  and  low  water  ; 
and  all  this  by  having  only  two  wheels  and  a pinion 
added  to  the  common  movement.  See  his  Seled  Exer- 
cifes before  mentioned.  In  this  clock  the  figure  of  the 
fun  ferves  as  an  hour  index,  by  going  round  the  dial- 
plate  in  24  hours;  and  a figure  of  the  moon  goes  round 
in  24  h.  50*  min.  the  time  of  her  going  round  in  the 
heavens  from  any  meridian  to  the  fame  meridian  again. 


A clock  of  this  kind  was  adapted  by  ?vdr.  Fei^giifon  to 
the  movement  of  an  old  watch.  See  alfo  a defeription 
and  drawing  of  an  aftronomical  clock,  fiiewung  the  ap- 
parent dauy  motions  of  the  fun,  moon,  and  fiars,  with 
the  times  of  their  rifing,  fouthing,  and  fetting  ; the 
piuees  of  the  liin  and  moon  in  the  ecliptic,  and  the  age 
and  phafes  of  the  moon  for  every  day  of  the  year,  in 
the  lame  book,  pa.  19. 

1 here  have  been  feveral  treatifes  upon  clocks ; the 
principal  of  wdiich  are  the  following,  liieronymus 
Card^m,  de  Varietate  Rerum  libri  17. — Conrade  Dafy- 
podiuF,  Defcriptio  Florologii  Aftronomici  Arg'entinen- 
iis  in  fumraa  Templi  ereai,— -Guido  Paucirolius,  An- 
tiqua  deperdita  & nova  reperta.- — D’Ufage  du  Cadran, 
on  de  PHorloge  Phyfique  Univerfelle,  par  Galilee, 

Mathematicien  du  Due  de  Florence. Oughtred’s 

OpufcLiIa  Mathematica,- — Huygens  s Horologium  Ofcil- 
latorium.— Pendule  perpetuelle,  par  TAbbe  de  Haute- 
feuille.— -J.  J.  Becheri  Ifiieoria  & Experientia  de  nova 
Teraporis  dimetiendi  Ratione  & Horologiorum  Con- 
firudtione.—— Clark’s  Oughtredus  expiicatus,  iibi  de 
Confiruaione  Horologiorum.—Horological  Difquifi- 
tions.^-- Huygens’s  Poithumous  Works.—Siilly’s  Regie 
Artihcielle  du  Temps,  &c.— -Serviere’s  Reciieil  d'Ou- 
vrages  Curieux.— Derham’s  Artificial  Clock-maker,—. 
Canius’s  Traites  des  Forces  Mouvantes. — Alexandre’s 
1 raite  General  des  Horologies. — Alfo  Treatifes  and 
Principles  of  Clock-making,  by  Hatton,  Cuming, 
See.  Sec, 


CLOUD,  a colleaion  of  vapours  fufpended  In  the 
atmofphere,  and  rendered  vifible. 

Although  it  be  generally  allowed  that  the  clouds  arc 
formed  from  the  aqueous  vapours,  which  before  were 
fo  clofely  united  with  the  atmofphere  as  to  be  invifi- 
ble;  itis,  however,  not  eafy  to  account  for  the  long 
continuance  of  fome  very  opaque  clouds  without  dif- 
folvlng  ; or  to  affign  the  realon  wdiy  the  vapours,  when 
they  have  once  begun  to  condeiife,  do  not  continue  to  do 
fo  till  they  at  laft  fall  to  the  ground  in  the  form  of  rain 
or  inow,  &c.  It  is  now  known  that  a feparation  of  the 
latent  heat  from  the  water  of  which  vapour  is  compofed 
IS  attended  with  a condenfation  of  that  vapour  in  fome 
degree  ; in  fuch  cafe,  it  will  firft  appear  as  a fmoke, 
mift,  or  fog  ; which,  if  interpofed  between  the  fun  and 
earth,  will  form  a cloud  ; and  the  fame  caufes  conti- 
nuing to  operate,  the  cloud  will  produce  rain  or  fnow. 
It  Is  however  abundantly  evident  that  fome  other  canfe 
befides  meie  heat  or  cold  is  concerned  in  the  formation 
of  clouds,  and  the  condenfation  of  atmofpherical  va- 
pouis.  d his  caufe  is  efieemed  in  a great  meafure  the 
eleCnical  fluid  ; indeed  eledfricity  is  now  fo  generally 
admitted  as  an  agent  In  all  the  great  operations  of 
nature,  that  it  is  no  wonder  to  find  the  formation  of 
clouds  attributed  to  it  ; and  this  has  accordingly  been 
given  by  Beccarla  as  the  caufe  of  the  formation  of  all 
clouds  whatfoever,  whether  of  thunder,  rain,  hail,  or 
fnow. 

Bat  whether  the  clouds  are  produced,  that  is,  the 
atmofpheric  vapours  rendered  vifible,  by  means  of  elec- 
ti icily  or  not,  it  is  certain  that  they  do  often  contain 
the  eledfric  fluid  in  prodigious  quantities,  and  many 
teriible  and  defirucfive  accidents  have  been  occafioned 
by  clouds  very  highly  elearified.  The  mofi  extraordl- 
nary  infiance  of  this  kind  peihaps  on  record  happened 
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in  the  iHand  of  Java,  in  the  EaR-Indles,  in  Auguft, 
1772.  On  the  lithof  that  month,  at  midnight,  a 
bright  cloud  was  obferved  covering  a mountain  in  the 
dittridt  called  Cheribou,  and  feveral  reports  like  thofe 
of  a gun  were  heard  ac  the  fame  time.  Tlie  people 
who  dwelt  upon  the  upper  parts  of  the  mountain  not 
being  able  to  fly  fall  enough,  a great  part  of  the  cloud, 
eiorht  or  nine  miles  in  circumference,  detached  itfelf 
under  them,  and  was  feen  at  a diflancc,  rifing  and  fall- 
ing like  the  waves  of  the  fea,  and  emitting  globes  of 
Are  fo  luminous,  that  the  night  became  as  clear  as  day. 
The  effedfs  of  it  were  aftonifliing  ; every  thing  was  de- 
ftroyed  for  20  miles  round  ; the  houfes  were  demohfh- 
ed  ; plantations  were  buried  in  the  earth;  and  2140 
people  loft  their  lives,  befides  150c  head  of  cattle,  and 
a vaft  number  of  horfes,  goats,  Sic.  Another  remark- 
able inftance  of  the  dreadful  effeCfs  of  eledlrlc  clouds, 
which  happened  at  Malta  the  29th  of  Odlober  1757, 
is  related  ia  Brydone’sTour  through  Malta. 

The  height  of  the  clouds  is  not  ufually  great  : the 
fummits  of  high  mountains  being  commonly  quite  free 
from  them,  as  many  travellers  have  experienced  in  paf- 
fing  thefe  mountains.  It  is  found  that  the  moft  higlily 
elecfrified  clouds  defeend  loweft,  their  height  being 
often  not  more  tlian  7 or  800  yards  above  the  ground  ; 
and  fometimes  thunder-clouds  appear  aftually  to  touch 
the  ground  with  one  of  their  edges  ; but  the  generality 
of  clouds  are  fufpended  at  the  height  of  a mile,  or 
little  more,  above  the  earth. 

The  motions  of  the  clouds,  though  often  diredfed 
by  the  wind,  are  not  always  fo,  efpecially  when  thunder 
is  about  to  enfue.  In  this  cafe  they  are  feen  to  move 
very  flowly,  or  even  to  appear  quite  llationary  for  fome 
time.  The  reafon  of  this  probably  is,  that  they  are 
impelled  by  two  oppofite  flreams  of  air  nearly  of  equal 
ftrength  ; and  In  fuch  cafes  It  feems  that  both  the 
aerial  currents  afeend  to  a confiderable  height  ; for 
Mefl'.  Charles  and  Robert,  when  endeavouring  to  avoid 
a thunder  cloud,  in  one  of  their  aerial  voyages  with  a 
balloon,  could  find  no  alteration  In  the  courfe  of  the 
current,  though  they  afeended  to  the  height  of  4OCO 
feet  above  the  earth.  In  fome  cafes  the  motions  ol  the 
clouds  evidently  depend  on  their  eledlrlclty,  indepen- 
dent of  any  current  of  air  whatever.  Thus,  In  a calm 
and  warm  day,  fmall  clouds  are  often  feen  meeting  each 
other  In  ojipolite  diredtions,  and  fetting  out  from  fuch 
fliort  diftances,  that  It  cannot  be  fuppofed  that  any 
oppofite  winds  are  the  caufe.  Such  clouds,  when  they 
meet,  inftead  of  forming  a larger  one,  become  much 
fmaller,  and  fometimes  quite  vanlflt  ; a circumllance 
moft  probably  owing  to  the  difeharge  of  oppofite  elec- 
tricities Into  each  other.  And  this  ferves  alfo  to  throw 
fome  light  011  the  ti  ue  caufe  of  the  formation  of  clouds; 
for  if  two  clouds,  the  one  eledfrified  pofltlvely,  and  the 
other  negatively,  deftroy  each  other  on  contadl,  it  fol- 
lows that  any  quantity  of  vapour  fiifpeiidcd  in  the  at- 
mofphere,  while  it  retains  its  natural  quantity  of  elec- 
tricity, remains  Invifible,  but  becomes  a cloud  when 
eledlrlfied  either  plus  or  minus. 

The  fhapes  of  the  clouds  are  alfo  probably  owing  to 
their  eledfrlcity  ; for  in  thofe  feafons  In  which  a gicat 
commotion  has  been  excited  in  the  atmolphcrical  elec- 
tricity, the  clouds  are  feen  alTuming  ftrange  and  w'hlm- 
flcal  ftiapes,  that  arc  continually  varying.  This,  as 
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well  as  the  meeting  of  fmall  clouds  in  the  air,  and  va- 
nllhing  upon  contatl,  is  a hire  fign  of  thunder. 

The  ufes  of  the  clouds  are  evident,  as  from  them 
proceeds  the  rain  tliat  refreflies  the  earth,  and  without 
W'hich,  according  to  the  prefent  ftate  of  nature,  the 
whole  furface  of  the  earth  rauft  become  a mere  defert. 
They  are  likewife  ufeful  as  a fereen  Interpofed  between 
the  earth  and  the  fcorching  rays  of  the  fun,  which  are 
often  fo  powerful  as  to  deftroy  the  grafs  and  otiicr 
tender  vegetables.  Jn  the  more  fecret  operations  of 
nature  too,  where  the  eledfric  fluid  is  concerned,  the 
clouds  bear  a principal  fhare  ; and  chiefly  ferve  as 
a medium  for  conveying  that  fluid  from  the  atmofphere 
into  the  earth,  and  from  the  earth  into  the  atmofphere;. 
in  doing  which,  when  eledlrlfied  to  a great  degree, 
they  fometimes  produce  very  terrible  efl'edfs  ; an  in- 
ftance of  which  Is  related  above. 

CLOUTS,  in  Artillery,  are  thin  plates  of  Iron  nailed 
on  that  part  ol  the  axle-tree  of  a gun-carriage  which 
comes  through  the  nave,  and  through  which  the  linf- 
pin  goes. 

CLUVIER,  or  Clu vERius,  (Philip),  a celebrated 
geographer,  was  born  at  Dantzic  in  i 1580.  After  an 
education  at  home,  he  travelled  into  Poland,  Germany, 
and  the  Netherlands,  to  improve  himfelf  In  the  know'- 
ledge  of  the  law.  But,  when  at  Leyden,  Jofeph  Scaliger 
perfunded  him  to  give  wary  to  his  genius  for  geogiaphy. 
In  purfuance  of  this  advice,  Gluvier  vificed  the  greateft 
part  of  the  European  ftates.  Lie  w'us  w'ell  flellled  in. 
many  languages,  fpeaklug  half  a fcore  with  facility, 
viz,  Greek,  Latin,  German,  French,  Knglifh,  Dutch,, 
Italian,  Hungarian,  Polllh,  and  Bohemian.  On  his 
return  to  Leyden,  he  taught  there  with  great  applaufe; 
and  died  in  1623,  being  only  43  years  of  age,  juftly 
efteemed  tlie  firft  geographer  who  had  put  his  refearches 
in  order,  and  reduced  them  to  certain  principles.  He 
Avas  author  of  feveral  ingenious  w’orks  in  geography, 
viz  : 

1.  De  7“rllus  Rbenl  Aivels. 

2.  Gcrmanli  Anti  qua. 

3.  Italia  Aat'.qaa^  Sicilia,  Sardinia,  Eff  Corjica, 

.4.  IntroduStio  in  Univerfum  Geegraphiam. 
COASTING,  Is  that  part  ot  Navigation  In  which 

the  places  are  not  far  afunder,  fo  tliat  a fhip  may  fail  in 
fight  of  land,  or  within  ioundings  betw'een  them. 

COCHLEA,  one  of  the  five  Mechanical  powers, 
otherwiie  called  the  Screw;  being  lo  named  from  the 
refemblance  a ferew  bears  to  the  fpiral  fhell  of  a fnail,  - 
which  the  Latins  call  Cochlea.  See  Screw',  and  Me- 
chanical PG’Tvers, 

COCK  of  a Dial  the  pin,  ftyle,  or  gnomon. 

COEFEICIENTS,  in  Algebra,  are  numbers,  or 
given  quantities,  ufually  prefixed  to  letters,  or  unknown 
quantities,  by  which  It  is  fuppofed  they  are  multiplied  ; 
and  fo,  with  fuch  letters,  or  quantities,  making  a pro- 
dudf,  or  eotjficicnt  prcdudlion  ; whence  the  name. 

Tims,  in  ‘^a  the  coelficient  is  3,  in  bx  it  is  b,  and  in 
cx'^  it  is  r.  If  a quantity  have  no  number  prefixed, . 
unity  or  1 Is  underftood  ; as  a is  the  fame  as  la,  and 
be  the  fame  as  ibc.  The  name  coejjiaent  hrft  given 
by  Vieta. 

In  any  equation  fo  reduced  as  that  its  higheft  power 
or  term  has  1 for  its  coefficient  ; then  the  coefficient  of 
the  2d  term  is  equal  to  the  ium  of  all  the  roots,  both-. a 
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pofitlve  and  negative  j fo  tliat  jf  the  zd  term  Is  wanting 
in  an  equation,  the  fum  of  the  pofitive  roots  of  that 
equation  is  equal  to  the  fiim  of  the  negative  roots,  as 
they  mutually  balance  and  cancel  each  other.  Alfo  the 
coefficient  of  the  3d  term  of  an  equation  is  equal  to  the 
fum  of  all  the  redlangles  arifing  by  the  multiplication  of 
every  two  of  the  roots,  how  many  ways  foever  they  can 
be  combined  by  twos  ; as  once  in  the  quadratic,  3 times 
in  the  cubic,  6 times  in  the  biquadratic  equation,  &c. 
And  the  coefficient  of  the  4th  term  of  an  equation,  is 
the  fum  of  all  the  folids  made  by  the  continual  multi- 
plication of  every  three  of  the  roots,  how  often  foever 
inch  a ternary  can  be  had  ^ as  once  in  a cubic,  4 times 
in  a biquadratic,  10  times  in  an  equation  of  5 dimeri- 
fions,  &c.  And  thus  it  will  go  on  infinitely. 

Coefficients  of  the  fame  Order^  is  a term  fome- 
times  ufed  for  the  coefficients  prefixed  to  the  fame  un- 
known quantities,  in  different  equations. 

f ax  hy  cz  — 

Thus  In  the  equations  < dx  -f ' ry  -{■  fz  — ti, 

Igx  + hy  4. 

the  coefficients  o’,  d^  g,  are  of  the  fame  order,  beirrg 
the  coefficients. of  the  fame  letter  x ; alfo  3,  e,  h are  of 
the  fame  order,  being  the  coefficients  of  y ; and  fo  on. 

Oppofite  Coefficients,  fuch  as  are  taken  each  from 
a different  equation,  and  from  a different  order  of  co- 
efficients, Thus,  in  the  foregoing  equations,  a,  k, 
or  a,  h,  fy  or  dj  b,  hy  &c,  are  oppofite  coefficients. 
COELESTIAL.  See  Celestial. 

COFFER,  in  Architefture,  a fquare  depreffure  or 
finking,  in  each  interval  between  the  modlllions  of  the 
Corinthian  cornice  ; iifually  filled  up  with  a rofe;  fome- 
times  with  a pomegranate,  or  other  enrichment, 

COFFER,  in  Fortification,  denotes  a hollow  lodg- 
ment, atliwart  a dry  moat,  6 or  7 feet  deep,  and  16 
or  t8  broad.  The  upper  part  of  it  is  made  of  pieces 
of  timber,  raifed  2 feet  above  the  level  of  the  moat  ; 
the  elevation  having  hurdles  laden  with  earth  for  its 
covering,  and  ferving  as  a parapet  with  embrazures. 

The  coffer  is  nearly  the  fame  with  the  caponiere, 
excepting  that  this  lail  is  fometimes  made  beyond  the 
couuterfcarp  on  the  glacis,  and  the  coffer  always  in  the 
moat,  taking  up  its  whole  breadth,  which  the  caponiere 
does  not. 

It  differs  from  the  traverfe  and  gallery,  in  that  thefe 
are  made  by  the  beliegers,  and  the  coffer  by  the 
befieged. 

The  befieged  commonly  make  life  of  coffers  to  re- 
pulfe  the  beficgers,  when  they  endeavour  to  pafs  the 
ditch.  And,  on  the  other  hand,  the  befiegers,  to  fave 
themfelves  from  the  fire  of  thefe  coffers,  throw  up  the 
earth  on  that  fide  towards  the  coffer. 

Q,OYYYP^-DamSy0iT  BatardeaiiXy  in  Bridge-building, 
are  inclofures  formed  for  laying  the  foundation  of  piers, 
and  for  other  works  in  water,  to  exclude  the  furround- 
ing water,  and  fo  prevent  it  from  interrupting  the 
workmen. 

Thefe  inclofures  are  fometimes  flngle,  and  fometimes 
double,  with  clay  rammed  between  them ; fometimes 
they  are  made  with  piles  driven  clofe  by  one  another, 
and  fometimes  the  piles  are  notched  or  dove-tailed  into 
one  another ; but  the  moft  ufual  method  is  to  drive 
piles  with  grooves  in  them,  at  the  diffance  of  five  or  fix 
feet  from  each  other,  and  then  boards  are  let  down 
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between  them  \ after  which  the  water  k pumped  out*. 

COGGESHALL^s  SlhUng-Ruky  an  Inftrument  ufed'; 
In  Gauging,  and  fo  called  from  Its  inventor.  See  the 
defeription  and  life  under  ^h\v>mG-Riile. 

COHESION,  one  of  the  four  fpecies  of  attraction j,„ 
denoting  that  force  by  which  the  parts  of  bodies  adhere 
or  Hick  together. 

This  power  was  hrff  confidered  by  Newton  as  one 
of  the  properties  effentlal  to  all  matter,  and  the  caufe 
of  all  that  variety  obferved  In- the  texture  of  different 
terrelh'ial  bodies.  He  did  not,  however,  abfolutely  de- 
termine that  the  power  of  cobefion  was  an  immaterial 
one  ; but  that  it  might  poffibly  arife,  as  well  as  that  of 
gravitation,  from  the  aCtlon  of  another.  His  doCtrine 
of  cohefion  Newton  delivers  in  thefe  words  : “ The 
particles  of  all  hard  homogeneous  bodies,  wffiich  touch 
one  another,  cohere  with  a great  force  ; to  account  for 
which,  forne  phllofophers  have  recourfe  to  a kind  of' 
hooked  atoms,  which  in'effeH  is  nothing  elfc  but  to- 
beg  the  thing  in  queftion.  Others  imagine  that  the 
particles  of  bodies  are  conneHed  by  reft,  i.  e.  in  effect 
by  nothing  at  all  ; and  others  by  confpiring  motions, 
i.  e.  by  a relative  reft  among  themfelves.  For  myfelf, 
it  rather  appears  to  me,  that  the  particles  of  bodies, 
cohere  by  an  attractive  force,  whereby  they  tend  mu- 
tually toward  each  other : which  force,  in  the  very 
point  of  contaH,  is  very  great  ; at  little  diftances  is- 
lefs,  and  at  a little  farther  diftanee  is  quite  Infenfible.” 

It  is  uncertain  in  what  proportion  this  force  de<- 
creafes  as  the  diftanee  increaies  : Defaguliers  conjec- 
tures, from  fome  phenomena,  that  it  decreafes  as  the 
biquadratic  or  4th  power  of  the  diftanee,  fo  that  at 
twice  the  diftanee  it  aHs  16  times  more  weakly,  &c. 

“ Now  if  compound  bodies  be  fo  hard,  as  by  ex-- 
perience  we  find  fome  of  them  to  be,  and  yet  have  a 
great  many  hidden  pores  within  them,  and  confift  of 
parts  only  laid  together  ; no  doubt  thofe  fimple  parti- 
cles which  have  no  pores  within  them,  and  which  were- 
never  divided  into  parts,  muft  be  vaftly  harder.  For 
fuch  hard  particles,  gathered  into  a mafs,  cannot  pol- 
fibly  touch  in  more  than  a few  points  : and  therefore 
much  lefs  force  is  required  to  fever  them,  than  to  break 
a folid  particle,  whofe  parts  touch  throughout  all  their 
furfaces,  without  any  intermediate  pores  or  interftices.. 
But  how  fuch  hard  particles,  only  laid  together,  and 
touching  only  in  a few  points,  fiiould  come  to  cohere 
fo  firmly,  as  in  fact  we  find  they  do,  is  inconceivable  ; 
unlefs  there  be  fome  caufe,  whereby  they  are  attracted 
and  preffed  together.  Now  the  fmalleft  particles  of 
matter  may  cohere  by  the  ftrongeft  attraHions,  and 
conftitute  larger,  whofe  attraHing  force  is  feebler: 
and  again,  many  of  thefe  larger  particles  cohering, 
may  conftitute  others  ftill  larger,  whofe  attractive  force 
is  ftill  weaker  ; and  fo  on  for  feveral  fucceffions,  till 
the  progreffion  end  in  the  biggeft  particle,  on  which 
the  operations  in  chemiftry,  and  the  colours  of  natural- 
bodies,  do  depend  ; and  which  by  cohering  compofe 
bodies  pf  a fenfible  magnitude.^’ 

Again,  the  opinion  maintained  by  many  is  that  which, 
is  fo  ftrongly  defended  by  J.  Bernoulli,  De  Gravitate 
Athens ; who  attributes  the  cohefion  of  the  parts  of 
matter  to  the  uniform  preffure  of  the  atmofphcre  ; 
confirming  this  opinion  by  the  known  experiment  of 
two  poliftied  marble  planes,  which  cohere  very  ftrongly 
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-in  the  open  air,  but  eafily  drop  afunder  in  an  exhaufled 
receiver.  Ho\^''ever,  if  two  plates  of  this  kind  be 
fmeared  with  oil,  to  fill  np  the  pores  in  their  furfaces, 
and  prevent  the  lodgment  of  air,  and  one  of  them  be 
gently  rubbed  upon  the  other,  they  will  adhere  fo 
ftrongly,  even  when  fufpended  in  an  exhaufted  receiver, 
that  the  weight  of  the  lower  plate  will  not  be  able  to 
feparate  it  from  the  upper  one.  But  although  this 
theory  might  ferve  tolerably  well  to  explain  the  co- 
hefion  of  compofitions,  or  greater  colleAions  of  matter; 
yet  it  falls  far  fhort  of  accounting  for  that  firft  cohefion 
of  the  atoms,  or  primitive  corpufcles,  of  which  the 
particles  of  hard  bodies  are  compofed.^ 

Again,  fome  philofophers  have  pofitively  afierted,  that 
the  powers,  or  means,  are  immaterial,  by  which  matter 
coheres;  and,  in  confequence  of  this  fuppofition,  they 
have  fo  refined  upon  attraftions  and  repulfions,  that 
their  fyftems  feem  but  little  fhort  of  fcepticifm,  or  de- 
nying the  exiftence  of  matter  altogether.  A fyftem  of 
this^kind  is  adopted  by  Dr.  Prieftley,  from  MefTrs. 
Bofcovich  and  Michell,  to  folve  fome  difficulties  con- 
cerning the  Newtonian  doftrine  of  light.  See  his 
Hiftory  of  Vifion,  vol.  i.  pa.  392.  “ The  eafiefl  me- 

thod,” fays  he,  “ of  folving  all  difficulties,  is  to  adopt 
the  hypothefis  of  Mr.  Bofcovich,  who  fuppofes  that 
matter  is  not  impenetrable,  as  has  been  perhaps  univer- 
fally  taken  for  granted  ; but  that  it  confifts  of  phyfical 
points  only,  endued  with  powers  of  attraftion  and  re- 
pulfion  in  the  fame  manner  as  folid  matter  is  generally 
fuppofed  to  be  : provided  therefore  that  any  body  move 
with  a fufficlent  degree  of  velocity,  or  have  a fufficient 
momentum  to  overcome  any  powers  of  repulfion  that 
it  may  meet  with,  it  will  find  no  difficulty  in  making 
its  way  through  any  body  whatever  ; for  nothing  clfe 
will  penetrate  one  another  but  powers,  fuch  as  we  know 
do  in  fad  exift  In  the  fame  place,  and  counterbalance 
or  over*rule  one  another.  The  moft  obvious  difficulty, 
and  Indeed  almofi  the  only  one,  that  attends  this  hypo- 
thefis, as  it  fuppofes  the  mutual  penetrability  of  matter, 
arlfes  from  the  idea  of  the  nature  of  matter,  and  the 
difficulty  we  meet  with  in  attempting  to  force  two 
bodies  into  the  fame  place.  But  it  is  demonftrable, 
that  the  firft  obftrudion  arifes  from  no  adual  contad 
of  matter,  but  from  mere  powers  of  repulfion.  This 
difficulty  we  can  overcome  ; and  having  got  within 
one  fphere  of  repulfion,  we  fancy  that  we  are  now^  im- 
peded by  the  folid  matter  itfelf.  But  the  very  fame 
is  the  opinion  of  the  generality  of  mankind  with  refped 
to  the  firft  obftrudion.  Why,  therefore,  may  not  the 
next  be  only  another  fphere  of  repulfion,  which  may 
only  require  a greater  force  than  we  can  apply  to  over- 
come it,  without  difordering  the  arrangement  of  the 
conftituent  particles  ; but  which  may  be  overcome  by 
a body  moving  with  the  amazing  velocity  of  light?” 

Other  philofophers  have  fuppofed  that  the  powers 
both  of  gravitation  and  cohefion  are  material ; and  that 
they  are  only  different  adions  of  the  etherlal  fluid,  or 
elementary  fire.  In  proof  of  this  dodrinc,  they  allege 
the  experiment  with  the  Magdeburg  hemifpheres,  as 
they  are  called.  The  preffure  of  tlie  afmofphere  we 
fee  Is,  in  this  cafe,  capable  of  producing  a very  ftrong 
cohefion ; and  if  there  be  in  nature  any  fluid  more 
penetrating,  as  well  as  more  powerful  in  its  effeds, 
than  the  air  v/e  breath,  It  Is  poffible  that  what  Is  called 
Vol.  I. 


the  attradion  of  cohefion  may  in  fome  meafure  be  an 
effed  of  the  adion  of  that  fluid.  Such  a fluid  as  this 
Is  the  element  of  fire.  Its  adivity  is  fuch  as  to  pene- 
trate all  bodies  whatever  ; and  In  the  ftate  in  which  it 
is  commonly  called  fire,  it  ads  according  to  the  quan- 
tity of  folid  matter  contained  in  the  body.  In  this 
ftate,  it  is  capable  of  dllTolving  the  ftrongeft  cohefions 
obferved  in  nature.  Fire,  therefore,  being  able  to  dif- 
folve  cohefions,  miift  alfo  be  capable  of  caufing  them, 
provided  its  power  be  exerted  for  that  purpofe,  which 
poffibly  it  may  be,  when  we  coiifider  its  various  modes 
or  appearances,  viz,  as  fire  or  heat,  in  which  ftate  it 
confiimes,  deftroys,  and  diifolves  ; or  as  light,  when  it 
feems  deprived  of  that  deftrudive  power;  and  as  the  elec- 
tric fluid,  when  it  attrads,  repels,  and  moves  bodies,  in 
a great  variety  of  ways.  In  the  Philof.  Tranf.  for  1777 
this  hypothefis  Is  noticed,  and  In  fome  meafure  adopted 
by  Mr.  Henly.  “ Some  gentlemen  (fays  he)  have  fup- 
pofed  that  the  eledric  matter  is  the  caufe  of  the  cohe- 
fion of  the  particles  of  bodies.  If  the  eledric  matter 
be,  as  I fufped,  a real  elementary  fire  Inherent  in  all 
bodies,  that  opinion  may  probably  be  well  founded  ; 
and  perhaps  the  foldering  of  metals,  and  the  cementa- 
tion of  iron,  by  fire,  may  be  confidered  as  ftrong  proofs 
of  the  truth  of  their  hypothefis.” 

But  whatever  the  caufe  of  cohefion  may  be,  its  effeds 
are  evident  and  certain.  The  different  degrees  of  it 
conftitute  bodies  of  different  forms  and  properties. 
Thus,  Newton  obferves,  the  particles  of  fluids,  which 
do  not  cohere  too  ftrongly,  and  are  fmall  enough  to 
render  them  fufceptible  of  thofe  agitations  which  keep 
liquors  In  a fliior,  are  moft  eafily  feparated  and  rarefied 
into  vapour,  and  make  what  the  chemifts  call  ‘Dolatilc 
bodies  ; being  rarefied  with  an  eafy  heat,  and  again 
condenfed  with  a moderate  cold.  T.  hofe  that  have 
groffer  particles,  and  fo  are  lefs  fufceptible  of  agitation, 
or  cohere  by’’  a ftronger  attradion,  are  not  ieparable 
without  a greater  degree  of  heat ; and  fome  of  them 
not  without  fermentation  ; and  thefe  make  what  the 
chemifts  call  Jixt  bodies , 

Air,  In  Its  fixed  ftate,  poffeffes  the  Interftices  of  folid 
fiibftauces,  and  probably  ferves  as  a bond  of  union  to 
their  conftituent  parts  ; for  when  thefe  parts  are  fepa- 
rated, the  air  is  difeharged,  and  recovers  its  elafticity. 
And  this  kind  of  attradion  Is  evinced  by  a variety  of 
familiar  experiments  ; as,  by  the  union  of  two  conti- 
guous drops  of  mercury  ; by  the  mutual  approach  of 
two  pieces  of  cork,  floating  near  each  other  In  a bafon 
of  water ; by  the  adhefion  of  two  leaden  balls,  whofc 
furfaces  are  feraped  and  joined  together  with  a gentle 
twill,  which  is  fo  conliderable,  that,  if  the  furfaces  are 
about  a quarter  of  an  inch  In  diameter,  tliey  will  not 
be  feparated  by  a weight  of  100  lb  ; by  the  afeent  of 
oil  or  water  between  two  glafs  planes,  fo  as  to  form 
the  hyperbolic  curve,  when  they  are  made  to  touch  on 
one  fide,  and  kept  feparate  at  a fmall  diftance  on  the 
other  ; by  the  depreffion  of  mercury,  and  by  the  rife 
of  water  in  capillary  tubes,  and  on  the  fides  of  glafs 
veffels;  alfo  in  fugar,  fponge,  and  all  porous  fubftances. 
And  where  this  cohefive  attradion  ends,  a ^ power  of 
repulfion  begins. 

To  determine  the  force  of  cohejion^  in  a variety  of  dif- 
ferent fubftances,  many  experiments  have  been  made, 
and  particularly  by  profefl'or  Mufehenbroek.  The  ad- 
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hefion  of  polifhed  planes,  about  two  inches  in  diameter, 
heated  in  boiling  water,  and  fmeared  with  greafe, 
required  the  iollowing  weights  to  feparate  them  : 


Cold  greafe 

Hot  greafe 

Planes  of  Glafs  - 130  lb 

- 3 CO  lb 

Brafs  - 150 

— 800 

Copper  - 200 

850 

hlarble  - 223 

• 600 

Silver  - 150 

1 

cr\ 

0 

Iron  - 300 

But  when  the  Brafs  planes  were 

made  to  adhere  by 

other  forts  of  matter,  the  refults  were  as  in  the  follow- 

ing  table  : 

"With  Water 

- 12  oz 

Oil 

18 

Venice  Turpentine 

- 24 

Tallow  Candle 

800 

Roijn 

8)0 

Pitch 

1 400 

In  eftimating  the  Ahfohite  Cohefion  of  folid  pieces  of 
bodies,  he  applied  weights  to  feparate  them  according 
to  their  length:  his  pieces  of  wood  were  long  fquare 
parallelopipedons,  each  fide  of  which  was  *26  of  an 
inch,  and  they  were  drawn  afunder  by  the  following 


weights : 


Fir 

600  lb 

Elm 

9SO 

Alder 

1000 

Linden  tree 

lOCO 

Oak 

1150 

Beech 

1 250 

Alh 

1250 

He  tried  alfo  wires  of  metal,  i-ioth  of  a Rhinland 

inch  in  diameter : the  metals  and 
follow  ; 

weights  were  as 

Of  Lead 

29i  lb 

Tin 

404 

Copper 

299  + 

Yellow  Brafs 

360 

Silver 

37c> 

Iron 

450 

Gold 

500 

He  then  tried  the  Relative  Cohefion^  or  the  force 
with  which  bodies  refill  an  adlion  applied  to  them  in 
a diredlion  perpendicular  to  their  length.  For  this 
purpofe  he  fixed  pieces  of  wood  by  one  end  into  a 
fquare  hole  in  a metal  plate,  and  hung  weights  towards 
the  other  end,  till  they  broke  at  the  hole  : the  weights 
and  dillances  from  the  hole  are  exhibited  in  the  follow- 


ing  table. 

DIHance 

Weight 

Pine 

9I  inc 

36I  oz 

Fir 

9 

40 

Beech 

Elm 

9 

44 

Oak  .»• 

48 

Alder 

9^ 

48 

See  his  Elem. 

Nat.  Philof.  cap.  19. 

COLD,  the  privation  of  heat,  or  the  oppofite  to  it. 

As  it  is  fuppofed  that  heat  confifts  in  a particular 
motion  of  the  parts  of  the  hot  body,  hence  the  nature 
of  cold,  which  is  its  oppofite,  is  deduced  ; for  it  is 
found  that  cold  cxtinguilhes,  or  rather  abates  heat  j 
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hence  it  would  feem  to  follow,  that  thofe  bodies  are 
cold,  which  check  and  reftrain  the  motion  of  the  par- 
tides  in  which  heat  confifls. 

In  general,  cold  contrads  moil  bodies,  and  heat  ex- 
pands them  : though  there  are  fome  inttances  to  the  coii- 
trary,efpecially  in  the  extreme  cafes  or  Hates  of  thefe  qua- 
lities of  bodies.  Thus,  though  iron,  in  common  with, 
other  bodies,  expand  with  heat,  yet,  when  melted,  it  is 
always  found  to  expand  in  cooling  again.  So  alfo, 
though  w'^ater  always  is  found  to  expand  gradually 
as  it  is  heated,  and  to  contrad  as  it  cools,  yet  in  the 
ad  of  freezing,  it  fuddenly  expands  again,  and  that 
with  a moll  enormous  force,  capable  of  rending  rocks, 
or  burfting  the  very  thick  fhells  of  metal,  &c.  A com- 
putation of  the  force  of  freezing  wnter  has  been  made 
by  the  Florentine  Academicians,  from  the  burlling  of 
a very  llrong  brafs  globe  or  fhell,  by  freezing  w’^ater 
in  it ; when,  from  the  known  thicknefs  and  tenacity  of 
the  mdal,  it  was  found  that  the  expanlive  power  of  a 
fpherule  of  water  only  one  inch  in  diameter,  v/as  fuffi- 
cient  to  overcome  a refillance  of  more  than  27,000 
pounds,  or  13  tons  and  a half.  See  alfo  experiments 
on  burlling  thick  iron  bomb-lhells  by  freezing  w^ater 
in  them  by  Major  Edward  Williams  of  the  Royal  Ar- 
tillery, in  the  Edinb.  Philof.  Tranf.  vol.  2. 

Such  a prodigious  power  of  expanfion,  almoft  double 
that  of  the  moll  powerful  Hearn  engines,  and  exerted 
in  fo  fmall  a mafs,'  feemingly  by  the  force  of  cold,  was 
thought  a very  powerful  argument  in  favour  of  thofe 
who  fuppofed  that  cold,  like  heat,  is  a poHtive  fub- 
Hance.  Dr.  Black’s  difeovery  of  latent  heat,  however, 
has  now  afforded  a very  eafy  and  natural  explication 
of  this  phenomenon.  He  has  Ihewn,  that,  in  the  ad 
of  congelation,  water  is  not  cooled  more  than  it  was 
before,  but  rather  grows  warmer : that  as  much  heat 
is  difeharged,  and  paffes  from  a latent  to  a fenlible 
Hate,  as,  had  it  been  applied  to  water  in  its  Huid  Hate, 
would  have  heated  it  to  135°.  In  this  procefs,  the 
expanfion  is  occafioned  by  a great  number  of  minute 
bubbles  fuddenly  produced.  Formerly  thefe  were  fup- 
pofed to  be  cold  ill  the  abHrad ; and  to  be  fo  fubtle, 
that,  infinuating  themfelves  into  the  fubHamces  of  the 
fluid,  they  augmented  its  bulk,  at  the  fame  time  that, 
by  impeding  the  motion  of  its  particles  upon  each 
other,  they  changed  it  from  a fluid  to  a folid.  But 
Dr.  Black  Ihews  that  thefe  are  only  air  extricated  dur- 
ing the  congelation  ; and  to  the  extrication  of  this  air 
he  aferibes  the  prodigious  cxpanfive  force  exerted  by 
freezing  water.  The  only  queflion  therefore  now  re- 
maining, is,  By  what  means  this  air  comes  to  be  extri- 
cated, and  to  take  up  more  room  than  it  naturally  does 
in  the  Huid.  To  this  it  may  be  anfwered,  that  per- 
haps part  of  the  heat  which  is  difeharged  from  the 
freezing  water,  combines  with  the  air  in  its  unelaHic 
Hate,  and,  by  refloring  its  elaflicity,  gives  it  that  extra- 
ordinary force,  as  is  feen  alfo  in  the  cafe  of  air  fudden- 
ly  extricated  in  the  exploHon  of  gun-powder. 

Cold  alfo  ufually  tends  to  make  bodies  ele6lric, 
which  are  not  fo  naturally,  and  to  increafe  the  eledlric 
properties  of  fuch  as  are  fo.  And  it  is  farther  found 
that  all  fubflances  do  not  tranfmit  cold  equally  well ; 
but  that  the  bell  condtiTors  of  ele6lricity,  viz  metals, 
are  likewife  the  befl  condu6lors  of  cold.  It  may  far- 
ther be  added,  that  when  the  cold  has  been  carried  to 

fuch 


COL 


C O I 


[ 299  ] 


fuch  an  extremity  as  to  render  any  body  an  electric,  it 
then  ceafes  to  conduct  the  cold  fo  well  as  before.  This 
is  exemplihed  in  the  praTice  of  the  Laplanders  an.l  Si- 
berians ; where,  to  exclude  the  extreme  cold  cf  tlie 
winters  from  their  habitations  the  more  effedtually,  and 
yet  to  admit  a little  light,  they  cut  pieces  of  ice,  which 
in  the  winter  time  mull  always  be  eledtric  in  thoie 
countries,  and  put  them  into  tlieir  windows  ; which 
they  find  to  be  much  more  effectual  in  keeping  out  the 

cold  than  anr  other  fubilance. 

¥ 

Cold  is  the  deftroyer  of  all  vegetable  life,  when  in- 
creafed  to  an  exceflive  degree.  It  is  found  that  many 
garden  plants  and  flowers,  which  leem  to  he  very  ftout 
and  hardy,  go  off  at  a little  increafe  of  cold  beyond  the 
ordinary  ftandard.  And  in  fevere  winters,  nature  has 
provided  the  belt  natural  defence  for  the  corn  fields  and 
gardens,  namely,  a covering  of  fnow,  which  preferves 
fuch  parts  green  and  healtliy  as  are  under  it,  while  fuch 
as  are  uncovered  by  it  are  either  killed  or  greatly  injured. 

Dr.  Clarke  is  of  opinion,  that  cold  is  owing  to  cer- 
tain nitrous,  and  other  faline  particles,  endued  with  par- 
ticular figures  proper  to  produce  fucli  cffedls.  Hence, 
fal-ammoniac,  faltpetre,  or  lalt  of  urine,  and  many  other 
volatile  and  alkalizate  falts,  mixed  with  water,  very 
much  increafe  its  degree  of  cold.  In  the  Phil  of. 
Tranf.  number  274,  M.  Geoffroy  relates  fome  remarkable 
experiments  with  regard  to  the  production  of  cold. 
Four  ounces  of  fal-ammoniac  diffolved  in  a pint  of  wa- 
ter, made  his  thermopeter  defeend  2 inches  and  ^ in 
lefs  than  15  minutes.  An  ounce  of  the  fame  fait  put 
into  4 or  5 ounces  of  diflilled  water,  made  the  thermo- 
meter defeend  2 inches  and  Half  an  ounce  of 
fal-ammoniac  mixed  with  3 ounces  of  fpirit  of  nitre, 
made  the  thermometer  defeend  2 inches  and  ; but, 
on  ufing  fpirit  of  vitriol  inftead  of  nitre,  it  funk  2 inches 
and  F this  laff  experiment  it  was  remarked,  that  the 
vapours  raifed  from  the  mixture  had  a confiderable  de- 
gree of  heat,  though  the  liquid  itfelf  was  fo  extremely 
cold.  Four  ounces  of  faltpetre  mixed  witli  a pint  of 
water,  funk  the  thermometer  an  inch  and  f:  ; but  a like 
quantity  of  fea  fait  funk  it  only  ^ of  an  inch.  Acids 
always  produced  heat,  even  common  fait  with  its  own 
fpirit.  Volatile  alkaline  falts  produced  cold  in  propor- 
tion to  their  purity,  but  fixed  alkalies  heat. 

But  the  greateil  degree  of  cold  produced  by  the 
mixture  of  falts  and  aqueous  fluids,  was  that  fhewn  by 
Hcmberg  ; who  gives  the  following  receipt  for  making 
the  experiment : Take  a pound  of  corrofive  fublimate, 
and  as  much  fal-ammoniac  ; . powder  them  feparately, 
and  mix  the  powders  well ; put  the  mixture  into  a vial, 
pouring  upon  it  a pint  and  a half  of  diflilled  vinegar, 
fhaking  all  well  together.  This  compofition  grows  fo 
cold,  that  it  can  fcarce  be  held  in  the  hand  in  lummer ; 
^nd  it  happened,  as  M.  Homberg  was  making  the  ex- 
periment, that  the  matter  froze.  The  fame  thing  once 
happened  to  Jvl.  Geofh'oy,  in  making  an  experiment 
with  fal-ammoniac  and  water,  but  it  never  was  in  his 
power  to  make  it  fucceed  a fecond  time. 

If,  inftead  of  making  thefe  experiments  with  fluid  wa- 
ter, it  be  taken  in  its  congealed  flate  of  ice,  or  rather 
feow,  degrees  of  cold  will  be  produced  greatly  fuperior 
to  any  that  have  yet  been  mentioned.  A mixture  of 
fnow  and  common  fait  finks  Fahrenheit’s  thermometer 
to  o ; pot  afnes  and  pounded  ice  funk  it  8 degrees  far- 


ther ; two  affufions  cf  fpirit  of  fait  on  pounded  ice 
funk  it  14I  below  o ; and  by  repeated  affufions  of  fpi- 
rit  of  nitre  M.  Fahrenheit  funk  it  to  40°  below  o.  This 
is  the  ultimate  detrree  of  cold  which  the  mercurial  ther- 
mometer  will  mealure  ; for  the  mercury  itfelf  begins 
then  to  conp'eal ; and  tlierefore  recourfe  mufl  afterwards 
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be  had  to  fpirit  of  wme,  naptha,  or  feme  other  fluid 
that  will  not  congeal.  The  greatefl  degree  of  cold 
hiuherto  produced  by  artificial  means,  has  been  80°  be- 
low c ; which  was  done  at  Hvidfou’s  Bay  by  means  of  fnow 
and  vitriolic  acid,  the  thermometer  flanding  naturally  at 
20®bclowo.  Indeed  greater  degrees  of  cold  than  this  have 
been  fuppofed : Mr.  Martin,  in  his  Trcatife  on  bleat, 
relates,  tliat  at  Kireiiga  in  Siberia,  the  mercurial  ther- 
mometer funk  to  118°  below  o;  and  profeflbr  Brown 
at  Peterfburg,  when  he  made  the  firit  experiment  of 
congealing  quickfilver,  fixed  the  point  of  congelation 
at  350°  below  o ; but  from  later  experiments  it  has 
h-ecii  more  accurately  determined,  that  40°  below  o is  the 
freezing  point  of  quickfilver. 

'I’he  moll  remarkable  experiment  however  was  made 
by  Mr.  Walker  of  Oxford,  with  fpirit  of  nitre  poured 
on  Glauber’s  lalt,  the  efl'ect  of  which  was  found  to  be 
llmilar  to  that  of  the  fame  fpirit  poured  on  ice  or  fnow; 
and  the  addition  of  fal-amunoniac  rendered  the  cold 
Hill  more  iritenfe.  The  proportions  of  thele  ingredients 
recommended  by  Mr.  Walker,  are  concentrated  nitrous 
acid  two  parts  by  weight,  water  one  part ; of  this  mix- 
ture, cooled  to  tlie  temperature  of  the  atmofphere,  18 
ounces  ; of  Glauber’s  fait,  a pound  and  a half  avoirdu- 
pois ; and  of  lahammoniac,  12  ounces.  On  adding  the 
Glauber’s  fait  to  the  nitrous  acid,  the  thermometer  fell 
52°,  viz  from  50  to  — 2 ; and  on  the  addition  of  the  fal- 
ammoniac,  it  fell  to  — 9°.  Thus  Mr.  Walker  was  able 
to  freeze  quickfilver  without  either  ice  or  fnow,  when  the 
thermometer  flood  at  45° ; viz,  by  putting  the  ingredients 
in  4 different  pans,  and  inclofing  thefe  within  each  other, 

Exceflive  degrees  of  cold  occur  naturally  in  many 
parts  of  the  globe  in  the  winter  feafon. 

Although  the  thermometer  in  this  country  hardly 
ever  defeends  fo  low  as  o,  yet  in  the  winter  of  1780, 
Mr.  Wilfon  of  Glafgow  obferved,  that  a thermometer 
laid  on  the  fnow  funk  to  25°  below  o ; and  Mr.  Der- 
ham,  in  the  year  1708,  obferved  in  England,  that  the 
mercury  flood  within  one-tenth  of  an  inch  of  its  ftation 
when  plunged  into  a mixture  of  fnow  and  fait.  At 
Peterfhurg,  in  1732,  the  thermometer  flood  at  28'* 
below  o ; and  when  the  French  academicians  wintered 
near  tlie  polar  circle,  the  thermometer  funk  to  33°  be- 
low o ; and  in  the  Afiatic  and  American  continents, 
ftill  greater  degrees  of  cold  are  often  obferved. 

The  effeCls  of  tliefe  extreme  degrees  of  cold  are  vciy 
furprifing.  Trees  are  burll,  rocks  rent,  and  rivers  and 
lakes  frozen  feveral  feet  deep  : metallic  fubftances  blifler 
the  Ikin  like  red-hot  iron  : the  air,  when  drawn  in  by 
breathing,  hurts  the  lungs,  and  excites  a cough  ; even 
the  effects  of  fire  in  a great  meafiire  leem  to  ccafe  ; and 
it  is  obferved,  that  tliough  metals  are  kept  for  a con- 
fiderable time  before  a flrong  fire,  they  will  ftill  freeze 
water  when  thrown  upon  them.  WJien  the  Frencli 
mathematicians  wintered  at  d'ornea  in  Lapland,  the  ex'- 
ternal  air,  when  fuddenly  admitted  into  their  rooms, 
converted  the  moiflure  of  the  air  into  whirls  of  fiiow ; 
their  breads  feemed  to  be  rent  wlieu  thev  breathed 
Ci  q 2 ' it, 
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it,  and  the  contact  of  it  was  intolerable  to  their  bodies  ; 
and  the  fpirit  of  wine,  which  had  not  been  highly  rec- 
tified, burft  fome  of  theft  thermometers  by  the  congela- 
tion of  the  aqueous  part. 

Extreme  cold  too  often  proves  fatal  to  animals  in 
thofe  countries  Mdiere  the  winters  are  very  fevere ; 
thus  7000  Swedes  perifhed  at  once  in  attempting  to 
pafs  the  mountains  which  divide  Norway  from  Sweden. 
But  it  is  not  neceflary  that  the  cold,  in  order  to  prove 
fatal  to  human  life,  fhould  be  fo  very  intenfe  as  has  juft 
been  mentioned  ; it  is  only  requifite  to  be  a little  be- 
low 32®  of  Fahrenheit,  or  the  freezing  point,  accom- 
panied with  fnow  or  hail,  from  which  fiielter  can- 
not be  obtained.  The  fnow  which  falls  upon  the 
clothes,  or  the  uncovered  parts  of  the  body,  then  melts, 
and  by  a continual  evaporation  carries  off  the  animal 
heat  to  fuch  a degree,  that  a fufticient  quantity  is  not 
left  for  tfie  fupport  of  life.  In  fuch  cafes,  the  perion 
firft  feels  himfelf  extremely  chill  and  imeafy  ; he  turns 
liftlefs,  unwilling  to  walk  or  ufe  exercife  to  keep  him- 
felf warm,  and  at  laft  turns  drowfy,  fits  down  to  refreih 
himfelf  with  fleep,  but  wakes  no  more. 

COLLIMATION,  Line  ofy  in  a telefcope,  is  a line 
palling  through  the  interfe^ftion  of  thofe  wires  that  are 
fixed  in  the  focus  of  the  objedl-glafs,  and  the  centre  of 
the  fame  glafs. 

COLLINS  (John),  an  eminent  accountant  and  ma- 
thematician, was  born  at  Wood  Eaton  near  Oxford, 
March  5,  1624.  At  16  years  of  age  he  was  put  ap- 
prentice to  a bookfeller  at  Oxford  ; but  his  genius  ap- 
peared fo  remarkable  for  the  ftudy  of  the  luechanical 
and  mathematical  fciences,  that  he  was  taken  under  the 
tuition  of  Mr.  Marr,  who  drew  feveral  curious  dials, 
which  were  placed  in  different  pofitions  in  the  king’s 
gardens  ; under  whom  Mr.  Collins  made  no  fmali  pro- 
grefs  in  the  mathematics.  In  the  courfe  of  the  civil 
wars,  he  travelled  abroad,  to  profecute  his  favourite 
ftudy  ; and  on  his  return  he  took  upon  him  the  profel- 
fion  of  an  accountant,  and  publifhed,  in  the  year  1652, 
a large  Vv’-ork  entitled,  An  Introdudion  fo  Merchants  Ac- 
compts  ; which  was  followed  by  feveral  other  publications 
on  different  branches  of  accounts.  In  1658,  he  publifii- 
ed  a treatife  called  The  SeBor  on  a ^adrant  ; containing 
the  defcription  and  ufe  of  four  feveral  quadrants,  each 
accommodated  to  the  making  of  fun-dials,  &c;  to  which 
he  afterward  added  an  appendix  concerning  refledled 
dialling,  from  a glafs  placed  reclining. — In  1659,  he 
publilhed  his  Geometr’.cal  Dialling  ; and  the  fame  year 
alfo  his  Mariner'^  s Plain  Scale  new  plained, — Collins  now 
became  a fellow  of  the  Royal  Society  in  London,  to 
■which  he  made  various  communications  ; particular- 
ly fome  ingenious  chronological  rules  for  the  calendar, 
printed  in  the  Philof.  Tranf.  number  46,  for  April 
1 669  ; alfo  a curious  differtation  concerning  the  refolu- 
tion  of  equations  in  numbers,  in  number  69,  for  March 
1671  ; an  elegant  conftru6lion  of  the  curious  problem, 
having  given  the  mutual  diftances  of  three  objefils  in  a 
plane,  with  the  angles  made  by  them  at  a fourth  place 
in  that  plane,  to  find  the  diftance  of  this  place  from  each 
of  the  three  former,  vol.  6.  pa.  2093  ; and  thoughts 
about  fome  defefts  in  algebra,  vol.  14.  pa.  375. 

Collins  wrote  alfo  feveral  commercial  tra<fts,  highly  ac- 
ceptable to  the  public ; viz,  A Plea  for  bringing  over 
Iriih  cattlcj  and  keeping  out  the  fifti  caught  by  foreign- 
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ers -For  the  promotion  of  the  Englfih  fifhery  -For 
the  working  the  Tin-mines  A Difcoiirfe  of  Salt  and 
Fifhery.  He  was  frequently  confulted  in  nice  and  crb 
tical  cafes  of  accounts,  of  commerce,  and  engineering. 
On  one  of  thefe  occafions,  being  appointed  to  infpeip 
the  ground  for  cutting  a canal  or  river  between  the  Ifis 
and  the  Avon,  he  contracted  a diforder  by  drinking 
cyder  when  he  was  too  warm,  which  ended  in  his  death,, 
the  loth  of  November  1683,  at  59  years  of  age. 

Mr.  Collins  was  a very  ufeful  man  to  tne  iciences, 
keeping  up  a conftant  correfpondence  with  the  moft 
learned  men,  both  at  home  and  abroad,  and  promoting 
the  publication  of  many  valuable  works,  which,  but  for 
him,  would  never  have  been  feen  by  the  public  ; partw 
cularly  Dr.  Barrow’s  optical  and  geometrical  ledtures  ; 
his  abridgment  of  the  W'Orks  of  Archimedes,  Apollonius, 
and  Theodofius  ; Branker’s  tranftation  of  Rhronius’s 
algebra,  with  Dr.  Pell’s  additions,  &c  ; v/hich  were 
procured  by  his  frequent  folicitations. 

It  w^as  a confiderable  time  after,  that  his  papers  were 
all  delivered  into  the  hands  of  the  learned  and  ingeni- 
ous Mr.  William  Jones,  F.  R.  S.  among  which  were 
found  manufcripts,  upon  mathematical  fubjedls,  of 
Briggs,  Oughtred,  Barrow,  Newton,  Pell,  and  many 
others.  From  a variety  of  letters  from  thefe,  and  many 
other  celebrated  mathematicians,  it  appears  that  Collins 
fpared  neither  pains  nor  coft  to  procure  what  tended  to 
promote  real  fcience  ; and  even  many  of  the  late  difco^ 
veries  in  phyfical  knowdedge  owe  their  improvement  to 
him ; for  while  he  excited  fome  to  make  known  every 
new  and  ufeful  invention,  he  employed  others  to  im- 
prove them.  Sometimes  he  was  peculiarly  ufeful,  by 
fhewing  wLere  the  defedl  was  in  any  ufeful  branch  of 
fcience,  pointing  out  the  difficulties  attending  the  enqui- 
ry, and  at  other  times  fetting  forth  the  advantages,  and 
keeping  up  a fpirit  and  warm  defire  for  improvement. 
Mr.  Collins  w^as  alfo  as  it  w^ere  the  regifter  of  all  the  new 
improvements  made  in  the  mathematical  fciences;  the  ma- 
gazine to  which  the  curious  had  frequent  recourfe;  in  fa 
much  that  he  acquired  the  appellation  of  theEnglifiiMer- 
fennus.  If  fome  of  his  correfpondents  had  not  obliged 
him  to  conceal  their  communications,  there  could  have 
been  no  difpute  about  the  priority  of  the  invention  of 
a method  of  analyfis,  the  honour  of  which  evidently 
belongs  to  Newton  ; as  a^ears  undeniably  from  the 
papers  printed  in  the  Commerciuni  Lpljlolicum  D.  yoan- 
nls  Collins  Isf  aUoriim  de  Analj^i  promoia  ; jujfu  Societatls 
Regia  in  lucern  edltum,  1712  ; a work  that  was  made  out 
from  the  letters  in  the  poffeffion  of  our  author. 

COLLINS’s  ^ladrant.  See  Quadrant. 

COLLISION,  is  the  fridtion,  percuffion,  or  link- 
ing of  bodies  againft  one  another. 

Striking  bodies  are  confidered  either  as  elaftic,  or 
non-elaftic.  They  may  alfo  be  either  both  in  motion, 
or  one  of  them  in  motion,  and  the  other  at  reft. 

When  non-elaftic  bodies  ftrike,  they  unite  together 
as  one  mafs ; which,  after  collifion,  either  remains  at 
reft,  or  moves  forward  as  one  body.  But  when  elaftic  bo- 
dies ftrike,  they  always  feparate  after  the  ftroke. 

The  principal  theorems  relating  to  the  collifion  of 
bodies,  are  the  following ; 

I.  If  any  body  impinge  or  aft  obliquely  on  a plane 
furface  ; the  force  or  energy  of  the  ftroke,  or  aftion, 
is  as  the  fine  of  the  angle  of  incidence.  Or  the  force 
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upon  the  furface,  is  to  the  fame  when  ai!ling  peipendi- 
cularly,  as  the  fine  of  incidence  is  to  radius. 

2.  If  one  body  adt  on  another,  in  any  direftion,  and 
by  any  kind  of  force  ; the  adtion  of  that  force  on  the 
fecond  body  is  made  only  in  a direction  perpendicular 
to  the  furface  on  which  it  a6ts. 

3.  If  the  plane,  a6led  on,  be  not  abfolutely  fixed,  it 
will  move,  after  the  ftroke,  in  the  direction  perpendicu- 
lar to  its  furface, 

4.  If  a body  A llrike  another  body  B,  which  is  either 
at  reft,  or  elfe  in  motion,  either  towards  A or  from  it ; 
then  the  momenta,  or  quantities  of  motion,  of  the  two 
bodies,  eftimated  in  any  one  direction,  will  be  the  very 
fame  after  the  ftroke  that  they  were  before  it. 

& 


Thus,  firft,  if  A with  a momentum  of  10,  ftrike  B at 
reft,  and  communicate  to  it  a momentum  of  4,  in  the 
direction  AB.  Then  there  will  remain  in  A only  a 
momentum  of  6 in  that  direction  : which  together  with 
the  momentum  of  B,  viz  4,  makes  up  ftili  the  fame 
momentum  between  them  as  before. — But  if  B were 
in  motion  before  the  ftroke,  with  a momentum  of  y, 
in  the  fame  direction,  and  receive  from  A an  additional 
momentum  of  2 : then  the  motion  of  A after  the  ftroke 
will  be  8,  and  that  of  B,  7 ; which  between  them  make 
up  15,  the  fame  as  10  and  5,  the  motions  before  the 
ftroke. — Laftly,  if  the  bodies  move  in  oppofite  direc- 
tions, and  meet  one  another,  namely  A with  a motion 
of  10,  and  B,  of  5 ; and  A communicate  to  B a motion 
of  6_in  the  diredtion  AB  of  its  motion  : then,  before 
the  ftroke,  the  whole  motion  from  both,  in  the  direc- 
tion AB,  is  10  — 5,  or  5 : but  after  the  ftroke  the  mo- 
tion of  A is  4 in  the  direction  AB,  and  the  motion  of 
B is  6 — 5,  or  I in  the  fame  diredlion  AB  ; therefore 
the  fum  4-|-  or  5,  is  ftili  the  fame  motion  from  both 
as  it  was  before. 

5.  If  a hard  and  fixed  plane  be  ftruck  either  by  a foft 
or  a hard  unelaftic  body;  the  body  will  adhere  to  it. 
But  if  the  plane  be  ftruck  by  a perfectly  elaftic  body, 
it  will  rebound  from  it  with  the  fame  velocity  with 
which  it  ftruck  the  plane. 

6.  The  tffeft  of  the  blow  of  the  elaftic  body,  upon  the 
plane,  is  double  to  that  of  the  non-elaftic  one  ; the  velo- 
city and  mafs  being  the  fame  in  both. 

7.  Hence,  non-elaftic  bodies  lofe,  by  their  collifion, 
only  half  the  motion  that  is  loft  by  elaftic  bodies  ; the 
inaftes  and  velocities  being  equal. 


8.  If  an  elaftic  body  A impinge  upon  a firm  plane 
DE  at  the  point  B,  it  will  rebound  from  it  in  an  angle 
equal  to  that  in  which  it  ftruck  it  ; or  the  angle  of  inci- 
dence will  be  equal  to  the  angle  of  reflection  : namely, 
the  angle  ABD  = CBE, 
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9.  If  the  non-elaftic  body  B,  moving  with  the  velo- 
city V in  the  direction  B3,  and  the  body  b with  the 
velocity  v,  ftrike  each  other,  the  direction  of  the  mo- 


tion being  in  the  line  BC  ; then  they  will  move  after  the 
ftroke  with  a common  velocity,  which  will  be  more  or 
lefs  according  as,  before  the  ftroke,  b moved  towards  B, 
or  from  B,  or  was  at  reft  ; and  that  common  velocity,  in 
each  of  thefe  cafes,  will  be  as  follows ; viz,  it  will  be 

when  h moved  from  B, 

B -h  ^ 

BV  - , * 

wdien  b moved  towards  B, 

B + ^ 

when  b was  at  reft. 


h + b 


For  example,  if  the  bodies  or  weights,  B and  h,  be 
ylb  and  31b  ; and  their  velocities  V and  =1),  60  feet  and 
40  feet  per  fecond  ; then  300  and  120  v/ill  be  their 
momenta  BV  and  bv,  and  18  = B ft-  ^ the  fum  of  the 
weights.  Confequeiitly  the  common  velocity  after  tiie 
ftroke,  in  the  three  cafes  above  mentioned,  will  be 
tlius,  viz, 

300  ft-  120^^  4^  ^ 

18  18 

200  — 120  180  . . f.  , r 

^ ■ - = or  I o in  the  iecond  caie, 

18  18 


3Q0 

18 


or  i6t  in  the  third  cafe. 


10.  If  two  perfectly  elaftic  bodies  impinge  on  each 
other  ; their  relative  velocity  is  the  fame  both  before  and 
after  the  impulfe  ; that  is,  they  will  recede  from  each 
other  with  the  fame  velocity  with  which  they  approach- 
ed and  met. 

It  is  not  meant  however  by  this  theorem,  that  each 
body  will  have  the  very  fame  velocity  after  the  impulfe 
as  it  had  before;  but  that  the  velocity  of  the  one,  after 
the  ftroke,  will  be  as  much  increafed,  as  that  of  the 
other  is  decreafed,  in  one  and  the  fame  diredtion.  So, 
if  the  elallic  body  B move  with  the  velocity  V,  and 
overtake  the  elaftic  body  by  moving  the  fame  way,  with 
the  velocity  v ; then  their  relative  velocity,  or  that 
with  which  they  ftrike,  is  only  V — oj  ; and  it  is  with  this- 
fame  velocity  that  they  feparate  from  each  other  after 
the  ftroke:  but  if  they  meet  each  other,  or  the  body 
b move  contrary  to  the  body  B ; then  they  meet  and 
ftrike  with  the  velocity  V “U,  and  it  is  with  the  fame 
velocity  that  they  feparate  again,  and  recede  from  each 
other  after  the  ftroke  : in  like  manner,  they  would  le- 
parate  vnth  the  velocity  V of  B,  if  b were  at  reft  before 
the  ftroke.  Alfo  the  fum  of  the  velocities  of  the  one  body, 
is  equal  to  the  fum  of  the  others.  But  whether  they  move 
forwards  or  backwards  after  the  impulfe,  and  with  what 
particularvelocities,are  circumftances  that  depend  on  the 
various  maffes  and  velocities  of  the  bodies  before  the 
ftroke,  and  are  as  fpecified  in  the  next  theorem. 

II.  If  the  two  elaftic  bodies  B and  b move  diredfly 
towards  each  other,  or  diredlly  from  each  other,  the 
former  with  the  velocity  V,  and  the  latter  witli  the  ve 
loclty  V ; then,  after  their  meeting  and  impulfe,  the 
refpedlive  velocities  of  B and  b in  the  diredlion  BC,  in 
the  three  cafes  of  motion,  whll  be  as  follow  ; viz, 


2hv  ft-  B — ^ . V 


B 


r 


2BV  - b - ^ . 


the  velocity  of  B, 
the  velocity  of  by 


B ft-  b 

“when  the  bodies  both  moved  towards  C before  the 
ftroke ; and  ••zb^ 


COL 


COM 
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'2hv  -j-  B ~ V 


B + 


the  velocity  of  B, 
- the  velocity  of 


zBV  -f  B - ^ 

B -f-  ^ 

when  B moved  towards  C,  and  b towards  B before  the 
ftroke  ; 

B ^ ^ 

X V the  velocity  of  B, 

jD  ^ 

23 


X V the  velocity  of 


Avhen  b was  at  reft  before  the  llroke. 

12  The  motions  of  bodies  after  impadl,  that  ftrike 
each  other  obliquely^  are  thus  determined. 


Let  the  two  bodies  B,  b,  move  in  the  oblique  direc- 
tions BA,  3A,  and  ftrike  each  other  at  A wu'th  veloci- 
ties which  are  in  proportion  to  the  lines  BA,  ^A.  Let 
CAH  reprefent  the  plane  in  which  the  bodies  touch 
in  the  point  of  concourfe  ; to  which  draw  the  perpen- 
diculars BC,  Z’D,  and  complete  the  redtangles  CE,  DF. 
Now  the  motion  in  BA  is  refolved  into  the  two  BC, 
C A j and  the  motion  in  bA.  is  refolved  into  the  two 
IT),  DA  ; of  which  the  antecedents  BC,  bT)  are  the 
velocities  v/ith  which  they  iredtly  meet,  and  the  con- 
fequents  CA,  DA  are  parallel,  and  therefore  by  thefe 
the  bodies  do  not  impinge  on  each  other,  and  con- 
fequently  the  motions  according  to  thefe  diredlions  will 
not  be  changed  by  the  impuife  ; fo  that  the  velocities 
with  which  the  bodies  meet,  are  as  BC  or  EA,  andf^D 
or  FA.  The  motions  therefore  of  the  bodies  B,  3, 
diredtly  ftriking  each  other  with  the  celerities  EA,  FA, 
will  be  determined  by  art.  1 1 or  9,  according  as  the 
bodies  are  elaftic  or  non-elaftic  ; which  being  done,  let 
AG  be  the  velocity,  fo  determined,  of  one  of  them,  as 
A ; and  fince  there  remains  alfo  in  the  fame  body  a 
force  of  moving  in  the  diredlion  parallel  to  BE,  with  a 
velocity  as  BE,  make  AH  equal  to  BE,  and  complete 
the  reftangle  GH  : then  the  two  motions  in  AH  and 
AG,  or  HI,  are  compounded  into  the  diagonal  A I, 
which  therefore  rvill  be  the  path  and  celerity  ot  the  body 
B after  the  ftroke.  And  alter  the  fame  manner  is  the 
motion  of  the  other  body  b determined  after  the  impadh. 

The  ftate  of  the  comm.on  centre  of  gravity  of 
bodies  is  not  affedted  by  the  collifion  or  other  adtions  of 
thole  bodies  on  one  another.  That  is,  if  it  were  at  reft 
before  their  collifion,  fo  will  it  be  alfo  at  reft  after  colli- 
fion ; and  if  it  were  moving  in  any  diredlion,  and  with 
any  velocity,  before  collifion  ; it  will  do  the  very  fame 
after  it. 

See  more  upon  this  fubjc6l  under  the  article  Per- 
cussion. 


COLONNADE,  a Periftyle  of  a circular  figure;  or 
feries  of  columns  difpofed  in  a circle,  and  infulated 
withiii-fide. 

COLOUR,  a property  inherent  in  light,  by  which,, 
according  to  the  various  fizes  of  its  parts^  or  from 
fome  other  caufe,  it  excites  different  vibrations  in  the 
optic  nerve  ; which,  propagated  to  the  /enforium,  af- 
feU  the  mind  with  different  fenfations.  See  the  doc- 
trine of  colours  fully  explained  under  Chromatics^  Se« 
alio  Optics^  Achromatic,  and  T'elefcope. 

COLUMBA  Noachl,  Noah’s  Dove,  a fmall  conftel- 
lation  in  the  fouthera  hemifphere,  confifting  of  10  ftars. 

COLUMN,  in  ArchiteUure,  a round  pillar,  made 
to  fupport  or  adorn  a building. 

The  column  is  the  principal  part  of  an  architedfo. 
nical  order,  and  is  com.pofed  of  three  parts,  the  bafe, 
the  JJoaft,  and  the  capital,  each  of  which  is  fubdivided 
into  a number  ofleffer  part_s,  called  members,  or  mould- 
ings. 

Columns  are  different  accordiiig  to  the  different 
orders  they  are  ufed  in  ; and  alfo  according  to  their 
matter,  conttruUion,  form,  difpofition,  and  ufe,  Tlie 
proportion  of  the  length  of  each  to  its  diameter,  and 
the  diminution  of  the  diameter  upwards,  are  diverfly 
ftated  by  different  authors.  The  medium  of  them  is 
nearly  as  follows  : 

The  Tnfcan  is  the  fimpleft  and  fliorteft  of  all ; its 
height  3 1 diameters,  or  7 modules  ; and  it  diminifhes 
d part  of  its  diameter. 

The  Doric  is  more  delicate,  and  adorned  with  flut- 
ings  ; its  height  7I;  or  8 diameters. 

The  Ionic  is  more  delicate  ftill,  being  9 diameters 
long.  It  is  diftinguifhed  from  the  reft  by  the  volutes,  1 
or  curled  fcrolls  in  its  capital,  and  by  its  bafe  which  is 
peculiar  to  it. 

The  Corinthian  is  the  richeft  and  moft  delicate  of  all 
the  columns,  being  10  diameters  in  length,  and  adorn- 
ed with  two  rows  of  leaves,  and  ftalks  or  ftems,  from 
whence  fpring  out  fmall  volutes. 

The  Compqfite  Column  is  alfo  10  diameters  long,  its 
capital  adorned  with  rows  of  leaves  like  the  Corinthian, 
and  with  angular  volutes  like  the  Ionic. 

COLURES,  are  two  great  circles  imagined  to  inter- 
fedl  at  right  angles  in  the  poles  of  the  world,  and  to 
pafs,  the  one  through  the  equinoctial  points  A ries  and 
Libra,  and  the  other  through  the  folftitial  points 
Cancer  and  Capricorn  ; from  whence  they  are  called 
the  Equinoctial  and  Solftitial  Coliires.  By  thus,  di- 
viding the  ecliptic  into  four  equal  parts,  they  mark  the 
four  feafons,  or  quarters  of  the  year. 

It  is  difputed  over  what  part  of  the  back  of  Aries 
the  equinoctial  colur€  paffed  in  the  time  of  Elippar- 
chus.  Newton,  in  his  Chronology,  takes  it  to  have 
been  over  the  middle  of  the  conftellation.  Father 
Sonciet  infifts  that  it  paffed  over  the  dodecatemorion 
of  Aries,  or  midway  between  the  rump  and  firft  of  the 
tail.  There  are  fome  obfervations  in  the  Philof.  Tranf. 
number  466,  concerning  the  pohtion  of  this  colure  in 
the  ancient  fphere,  from  a draught  of  the  conftellation 
Aries,  in  the  Aratasa  publiftied  at  Leyden  and  Arri- 
fterdam  in  1652,  which  feem  to  confirm  Newton’s 
opinion  ; but  the  antiquity  and  authority  of  the  origi- 
nal draught  may  ftill  remain  in  queftion. 

COMA  Berenices,  Berenice* s Hair,  a modern  con- 
, ftelkition 


COM 


COM 
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llellation  of  the  northern  hemifphere  ; compofed  of  un- 
formed liars  between  the  Lion’s  tail  and  Bootes. 

It  is  faid  that  this  confteliation  was  formed  by 
Conon,  an  alironomer,  to  conible  the  queen  of  Pto- 
lemy Euergetes,  for  the  lofs  of  a lock  of  her  hair, 
which  was  llolen  out  ol  the  temple  of  Venus,  where 
(he  had  dedicated  it  on  account  of  a vioiory  obtained 
by  her  hufband. 

The  liars  in  this  conllellation  are,  in  Tycho’s  cata- 
logue 14,  in  Hevelius’s  21,  and  in  the  Britannic  ca- 
talogue 43. 

COMBINATIONS,  denote  the  alternations  or  va- 
riations of  any  number  of  quantities,  letters,  founds, 
or  the  like,  in  all  pollible  ways. 

Father  Merfenne  gives  the  combinations  of  all  th^i 
notes  and  founds  in  mufic,  as  far  as  64  ; the  fum  of 
which  amounts  to  a number  expreffed  by  90  places  of 
figures.  And  the  number  of  polfible  combinations  of 
the  24  letters  of  the  alphabet,  taken  firll  two  by  two, 
then  three  bv  three,  and  lb  on,  accordin^f  to  Prcilct’a 
calculation,  amounts  to 
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Father  Truchet,  in  Mem.  de  I’Acad.  Ihews,  that  two 
fquare  pieces,  each  divided  diagonally  into  two  colours, 
may  be  arranged  and  combined  64  different  ways,  fo  as 
to  form  fo  many  different  kinds  of  chequer-vvork  : a 
thing  that  may  be  of  ufe  to  mafons,  paviours,  occ. 

Dodrine  ^^Combinations. 

I.  Having  given  any  number  of  things^  with  the  num~  ^ 
her  in  each  combination  ; to  fnd  the  number  of  combinations ^ 

I.  When  only  t-uo  are  combined  together. 

One  thing  admits  of  no  combination. 

Two,  a and  b,  admit  of  one  ouly,  viz  ah. 

Three,  a,,  bj  r,  admit  of  three,  viz  ab,  ac,  be. 

F'our  admit  of  fix,  viz,  ab,  ac,  ad,  be,  bet,  cd. 

Five  admit  of  10,  viz,  ab,  ac,  ad,  ae,  be,  bd,  be,  cd, 
ce,  de. 

Whence  it  appears  that  the  numbers  of  combina- 
tions, of  two  and  two  only,  proceed  according  to 
the  triangular  numbers  i,  3,  6,  10,  15,  21,  &c,  which 
are  produced  by  the  continual  addition  of  the  ordinal 
feries  o,  i,  2,  3,  4,  5,  6cc.  And  if  n be  the  number 
of  things,  then  the  general  formula  for  exprelTing  the 

fum  of  all  their  combinations  by  twos,  will  be  ^ ^ 


I . 2 


Thus,  if  n 


If  /z  = 3 ; it  i 


2 ; this  becomes 


IS 


If « zr:  4 ; it  is 


0 • 


2 

4-3 


= I. 


3- 


~ 6.  &c. 


2 . When  three  are  combined  together  then 
Three  things  admit  of  one  order,  abc. 

Four  admit  of  4 ; viz  abc,  aid,  acd,  bed. 

Five  admit  of  10;  viz  abd,  abe,  acd,  ace,  cute, 
led,  bee,  bde,  cde.  And  fo  on  according  to  the  firll  py- 
ramidal numbers  1,4,  10,  20,  See,  which  are  formed 
by  the  continual  addition  of  the  former,  or  triangular 
numbers  i,  3,  6,  10,  &c.  And  the  general  formula 
for  any  number  n of  combinations,  taken  by  threes, 

n..n  — I . n — 2 , 

♦ • 

is 

1.2.5 


o,  II  « = 3 ; it  13 


3 • ^ 


If « — 4 ; it  is 


2 • 3 

3 • 2 


T r • • 

ii  zz  = 5 ; It  IS 


5 


6 

4 


2::  I. 


= 4- 


3 


6.  Sec. 


Pro  cecding  thus,  it  is  found  that  a general  formula 
for  any  number  n of  things,  combined  by  m at  each 

I . n — 2 . n — 3 Sec 


time,  IS  s = 


n.n 


continued  to  m 


I . 2 . 3 . 4. 

faclors,  or  terms,  or  till  the  lait  fatlor  in  the  deno- 
minator be  m. 

So,  ill  6 things,  combined  by  4’s,  the  number  of 

1*  • • 6 • 5 • 4 • 3 

combinations  is  — 15. 

I . 2 . 3 . 4 

3.  By  adding  all  thefe  feries  together,  their  fum 
will  be  the  whole  number  of  pollible  combinations  of  n 
things  combined  both  by  twos,  by  threes,  by  fours, 
<S:c.  And  as  the  faid  feries  are  evidently  the  coelfi- 
cients  of  the  power  n of  a binomial,  wanting  only  the 
firll  two  I and  n ; therefore  the  faid  fum,  or  whole 
num.ber  of  all  Inch  combinations,  will  be 
I -}-  iL  — ;z  — I , or  2^  — /z  — i . Thus  if  the  num- 
ber of  things  be  5 ; then  2^  — 5“  ^=32  — 6 = 26. 

II.  Ho  find  the  number  of  Changes  and  Alterations 
nvhich  any  number  of  quantities  can  undergo,  nvhen  com- 
bined in  all  pojfihle  varieties  of  ^auiys,  voith  ihemfelves  and 
each  other,  both  as  to  the  things  ihemfelves , and  the  Order 
or  Pofition  oj  them. 

One  thing  admits  but  of  one  order  or  pofition. 

Two  things  may  be  varied  four  ways  ; thus,  aa,  ab, 
la,  bb. 

Three  quantities,  taken  bv  twos,  may  be  varied 
nine  ways  ; thus  aa,  ab,  ac,  ba,  ca,  bb,  be,  ch,  cc. 

In  like  manner  four  things,  taken  by  twos,  may  be 
varied  4^  or  16  ways;  and  5 things,  by  twos,  f or 
25  ways  ; and,  in  general,  n things,  taken  by  twos, 
may  be  changed  or  varied  td  different  ways. 

For  the  lame  reafon,  when  taken  by  threes,  the 
changes  will  he  fd ; and  when  taken  by  fours,  they 
will  be  fd  ; and  lo  generally,  when  taken  by  n’s,  the 
changes  will  be  id. 

Hence,  then,  adding  all  thefe  together,  the  whole 
number  of  changes,  or  combinations  in  n things,  taken 
])oth  by  2’s,  by  3’s,  by  4’s,  &c,  to  zz’s,  will  be  the 
fum  of  the  geometrical  lerics  n td  + -p  zz"^ 


n’ 


which  fum  is 


rd—  I 


n 


X ri . 


gives 


For  example,  if  the  number  of  things  zz  be  4 ; this 

4^-1  _ 255 


X 4 = 


X 4 = 340. 


4-1  3 

And  if  n be  24,  the  number  of  letters  in  the  alpha- 
bet ; tire  theorem  gives 

24^+—  I 24 

~ X 24  =.  24^^^  — I X ~ ~ 

24-1  23 

1391724288887252999425128493402209.  Info  ma- 
ny different  ways,  therefore,  may  the  24  letters  of 
the  alphabet  be  varied  or  combined  among  themfelves, 
or  fo  many  different  words  may  be  made  out  of  them. 
COMBUST,  or  Combustion,  is  faid  of  a planet 

whea 


COM 


COM 
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wlien  It  is  in  conjunfllon  with  the  fun,  or  not  dillant 
from  it  above  half  their  difc. 

But  according  to  Argol,  a planet  is  Combuft,  or 
in  Combuilion,  when  it  is  within  eight  degrees  and  a 
half  of  the  fim. 

COMET,  a heavenly  body  in  the  planetary  region, 
appearing  fuddcnly,  and  again  difappearing  ; and  dur- 
ing the  time  of  its  appearance  moving  in  a proper, 
though  very  eccentric  orbit,  like  a planet. 

Comets  are  vulgarly  called  Blaming  Stars,  and  have 
this  to  dillinguilh  them  from  other  ftars,  that  they  are 
ufually  attended  with  a long  train  of  light,  tending  al- 
ways oppofite  to  the  fun,  and  being  of  a fainter  luftre 
the  farther  it  is  from  the  body  of  the  comet.  And 
hence  arifes  a popular  divifion  of  comets,  into  three 
kinds  ; viz  hearded,  tailed,  and  hairy  comets  ; though 
in  reality,  this  divifion  rather  relates  to  the  feveral 
circiimllances  of  the  fame  comet,  than  to  the  pheno- 
mena of  feveral.  Thus,  when  the  comet  is  eallward 
of  the  fun,  and  moves  from  him,  it  is  faid  to  be  bearded, 
becaufe  the  light  precedes  it  in  the  manner  of  a beard  ; 
When  the  comet  is  weftward  of  the  fun,  and  fets  after 
him,  it  is  faid  to  be  tailed,  becaufe  the  train  of  light 
follows  it  in  the  manner  of  a tall : And  laftly,  when 
the  fun  and  comet  are  diametrically  oppofite,  the  earth 
being  between  them,  tlK  train  is  hid  behind  the  body 
of  the  comet,  excepting  the  extremities,  which,  being 
broader  than  the  body  of  the  comet,  appear  as  it  were 
around  it,  like  a border  of  hair,  or  coma,  from  which 
it  is  called  hairy,  and  a comet. 

But  there  have  been  comets  whofe  difc  was  as  clear, 
round,  and  well  defined,  as  that  of  Jupiter,  without 
either  tail,  beard  or  coma. 

Of  the  Nature  of  Comets. — Philofophers  and  Aftrono- 
mers,  of  all  ages,  have  been  much  divided  in  their  opi- 
nions as  to  the  nature  of  comets.  Their  ftrange  ap- 
pearance has  in  all  ages  been  matter  of  terror  to  the 
vulgar,  who  have  uniformly  confidered  them  as  evil 
omens,  and  forerunners  of  war,  peftilence,  &c.  Dio- 
dorus Siculus  and  Appollinus  Myndius,  in  Seneca,  in- 
form us,  that  many  of  the  Chaldeans  held  them  to  be 
iafting  bodies,  having  ftated  revolutions  as  well  as  the 
planets,  but  in  orbits  vaftly  more  extenfive  ; on  which 
account  they  are  only  vifible  while  near  the  earth,  but 
difappear  again  when  they  go  into  the  higher  regions. 
Others  of  them  were  of  opinion,  that  the  comets  were 
only  meteors  raifed  very  high  in  the  air,  which  blaze 
for  a while,  and  difappear  when  the  matter  of  which 
they  confift  is  confumed  or  difperfed. 

Some  of  the  Greeks,  before  Ariftotle,  fuppofed 
that  a comet  was  a vaft  heap  or  affemblage  of  very 
fmall  ftars  meeting  together,  by  reafon  of  the  inequa- 
lity of  their  motions,  and  fo  uniting  into  a vifibld  mafs, 
by  the  union  of  all  their  fmall  lights  ; which  muft 
again  difappear,  as  thofe  ftars  feparated,  and  each  pro-' 
ceeded  in  its  courfe.  Pythagoras,  however,  accounted 
them  a kind  of  planets  or  wandering  ftars,  difappear- 
ing in  the  fuperior  parts  of  their  orbits,  and  becoming 
vifible  only  in  the  lower  parts  of  them. 

But  Ariftotle  held,  that  comets  were  only  a kind 
of  tranfient  fires,  or  meteors,  confiftmg  of  exhalations 
raifed  to  the  upper  region  of  the  air,  and  there  fet  on 
fire  ; far  below  the  courfe  of  the  moon. 


Seneca,  who  lived  in  the  firft  century,  and  who  had 
feen  two  or  three  comets  himfelf,  plainly  intimates 
that  he  thought  them  above  the  moon  ; and  argues 
ftrongly  againfl:  thofe  who  fuppofed  them  to  be  meteors, 
or  who  held  other  abfurd  opinions  concerning  them  ; 
declaring  his  belief  that  they  were  not  fires  fuddenly 
kindled,  but  the  eternal  produdtions  of  nature.  He 
points  out  alfo  the  only  way  to  come  at  a certainty  on 
this  fubjedf,  viz,  by  collediing  a number  of  obferva- 
tions  concerning  their  appearance,  in  order  to  difeover 
whether  they  return  periodically  or  not.  “ For  this 
purpofe,  fays  he,  one  age  is  not  fufficient ; but  the 
time  will  come  when  the  nature  of  comets  and  their 
magnitudes  will  be  demonftrated,  and  the  routes  they 
take,  fo  different  from  the  planets,  explained.  Pof- 
terity  will  then  wonder,  that  the  preceding  ages  ftiould 
be  ignorant  of  matters  fo  plain  and  eafy  to  be  known.’* 

For  a long  time  this  prediction  of  Seneca Teemed  not 
likely  to  be  fulfilled ; and  Tycho  Brahe  was  the  firft 
among  the  moderns,  who  reftored  the  comets  to  their 
true  rank  in  the  creation  ; for  after  diligently  obferv- 
ing  the  comet  of  1577,  and  finding  that  it  had  no  fen- 
fible  diurnal  parallax,  he  afligned  it  its  true  place  in 
the  planetary  regions.  See  his  book  De  Cometa, 
anni  1577. 

Before  this  however,  there  were  various  opinions 
concerning  them.  In  the  dark  and  fuperftitious  ages, 
comets  were  held  to  be  forerunners  of  eveiy  kind  of 
calamity,  and  it  was  fuppofed  they  had  different  de- 
grees of  malignity,  according  to  the  fhape  they  af- 
fumed  ; from  whence  alfo  they  were  differently  deno- 
minated. Thus,  it  was  faid  that  fome  were  bearded, 
fome  haiiy ; that  fome  reprefented  a beam,  fword,  or 
fpear  ; others  a target,  &c  ; whereas  modern  allrono- 
mers  acknowledge  only  one  fpecies  of  comets,  and  ac- 
count for  their  different  appearances  from  their  different 
fituations  with  refpeCl  to  the  fun  and  earth. 

Kepler,  in  other  refpeCts  a very  great  genius,  in- 
dulged the  moft  extravagant  conjeClures,  not  only  con- 
cerning comets,  but  the  whole  fyftem  of  nature  in  ge- 
neral. The  planets  he  imagined  were  huge  animals 
fwimming  round  the  fun  ; and  the  comets  monftroui 
and  uncommon  animals  generated  in  the  celeftial 
fpaces. 

A ftill  more  ridiculous  opinion,  if  poflible,  was  that 
of  John  Bodin,  a learned  Frenchman  in  the  i6th  cen- 
tury ; who  maintained  that  comets  “ are  fpirits,  wdiich 
having  lived  on  the  earth  innumerable  ages,  and  being 
at  laft  arrived  on  the  confines  of  death,  celebrate  their 
laft  triumph,  or  are  recalled  to  the  firmament  like 
fhining  ftars  ! This  is  followed  by  famine,  plague,  &c, 
becaufe  the  cities  and  people  deftroy  the  governors  and 
chiefs  who  appeafe  the  wrath  of  God.” — Others  again 
have  denied  even  the  exiftence  of  comets,  and  main" 
tained  that  they  were  only  falfe  appearances,  occafioned 
by  the  refradtion  or  reflexion  of  light. 

Hevelius,  from  a great  number  of  obfervations,  pro- 
pofed  it  as  his  opinion,  that  the  comets,  like  the  folar 
maculse  or  fpots,  are  formed  or  condenfed  out  of  the 
groffer  exhalations  of  his  body  ; in  which  he  differs  but 
little  from  the  opinion  of  Kepler, 

James  Bernoulli,  in  his  Syftema  Cometarum,  ima- 
gined that  comets  were  po  other  than  the  fatellites  of 
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'fome  very  diflant  planet,  which  was  itfeli  invihble  to 
iis  on  account  of  its  diftance,  as  were  alfo  the  fatellites 
unlefs  when  in  a certain  part  of  their  orbits. 

Des  Cartes  advances  another  opinion  : He  conjec- 
tures that  comets  are  only  flars,  formerly  hxed,  like 
the  reft,  in  the  heavens  ; but  which  becoming  gradu- 
^illy  covered  with  maculoc  or  fpots,  and  at  length  whol- 
ly deprived  of  their  light,  cannot  keep  their  places, 
but  are  carried  off  by  the  vortices  of  the  circumjacent 
liars  ; and  in  proportion  to  their  magnitude  and  foli- 
ditv,  moved  in  fuch  a manner,  as  to  be  brought  nearer 
the  orb  of  Saturn  ; and  thus  coming  tvithin  reach  of 
the  fun’s  light,  rendered  vifible. 

But  the  vanity  of  all  thefe  hypothefes  now  abun- 
dantly appears  from  the  obferved  phenomena  of  comets, 
and  from  the  dodlrine  of  Newton,  wliich  is  as  follows  : 

The  comets,  he  fays,  are  compact,  folid,  fixed,  and 
durable  bodies  ; in  fadl  a kind  of  planets,  which  move 
in  very  oblique  and  eccentric  orbits,  every  way  with  the 
greatell  freedom ; perfevering  in  their  motions,  even 
againll  the  courfe  and  direction  of  the  planets  ; and 
their  tail  is  a very  thin  and  fiender  vapour,  emitted  by 
the  head  or  nucleus  of  the  comet,  ignited  or  heated  by 
the  fun.  This  theory  of  the  comets  at  once  folves  their 
principal  phenomena,  which  are  as  below. 

The  Principal  Phenomena  of  the  Comets. 

1.  Firft  then,  thofe  comets  which  move  according 
to  the  order  of  the  figns,  do  all,  a little  before  they 
difappear,  either  advance  flower  than  ufual,  or  elfe  go 
retrograde,  if  the  earth  be  between  them  and  the  fun  ; 
but  more  fwiftlv,  if  the  earth  be  placed  in  a contrary 
part.  On  the  other  hand,  thofe  which  proceed  con- 
trary to  the  order  of  the  figns,  move  more  fwlftly  than 
ufual,  if  the  earth  be  between  them  and  the  fun  ; and 
more  fiowly,  or  elfe  retrograde,  when  the  earth  is  in 
a contrary  part. — For  fince  this  courfe  is  not  among 
the  fixed  ftars,  but  among  the  planets  ; as  the  motion 
of  the  earth  either  confpires  with  them,  or  goes  againll 
them  ; their  appearance,  with  refpedt  to  the  earth, 
mnil  be  changed  ; and,  like  the  planets,  they  mufl 
fometimes  appear  to  move  fwifter,  fometimes  flower, 
and  fometimes  retrograde. 

2.  So  long  as  their  velocity  is  Incrcafcd,  they  nearly 
move  in  great  circles  ; but  towards  the  end  of  their 
courfe,  they  deviate  from  thofe  circles  ; and  when  the 
earth  proceeds  one  way,  they  go  the  contrary  way. 
Becaufe,  in  the  end  of  their  courfe,  when  they  recede 
aim  oil  direftly  from  the  fun,  that  part  of  the  apparent 
motion  which  arlfes  from  the  parallax,  muil  bear  a 
greater  proportion  to  the  whole  apparent  motion. 

3.  The  comets  move  in  elllpfes,  having  one  of  their 
foci  in  the  centre  of  the  fun  ; and  by  radii  drawn  to 
the  fun,  deferibe  areas  proportional  to  the  times.  Be- 
caufe they  do  not  wander  precarlouily  from  one  ficti- 
tious vortex,  to  another;  but,  making  a part  of  the 
lolar  fyilem,  return  perpetually,  and  run  a conilant 
round.  Hence,  their  elliptic  orbits  being  very  long 
and  eccentric,  they  become  invllible  wlien  in  that  part 
which  is  moil  remote  from  the  fun.  And  from  the 
curvity  of  the  paths  of  comets,  New^ton  concludes,  that 
when  they  difappear,  they  are  much  beyond  the  orbit 
of  Jupiter  ; and  that  in  their  perihelion  they  frequently 
defeend  within  the  orbits  of  Mars  and  the  inferior 
planets. 
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4.  The  light  of  their  nuclei,  or  bodies,  increafes  as 
they  recede  from  the  earth  toward  the  fun  ; and  on 
the  contrary,  it  decreafes  as  they  recede  from  the  fun. 
Becaufe,  as  they  are  in  the  regions  of  the  planets,  their 
accefs  towards  the  fun  bears  a confiderable  pronortion 
to  th£ir  whole  diitance. 

5.  Their  tails  appear  the  larged  and  brighted,  im- 
mediately after  their  tranfit  through  the  region  of  the 
fuH,  or  after  their  perihelion.  Becaufe  then,  their 
heads  being  the  mod  heated,  will  emit  the  mod  va- 
pours.— From  the  light  of  the  nucleus  we  infer  their 
vicinity  to  the  earth,  and  that  they  are  by  no  means  in 
the  region  of  the  fixed  dars,  as  fome  have  imagined  ; 
fince,  in  that  cafe,  their  heads  would  be  no  more  il- 
luminated by  the  fun,  than  the  planets  are  by  the 
fixed  dars. 

6.  The  tails  always  !cline  from  a jud  oppofition 
to  the  fun  towards  thole  parts  whicli  the  nuclei  or 
bodies  pafs  over,  in  their  progrefs  through  their  orbits. 
Becaufe  all  fmoke,  or  vapour,  emitted  from  a body  in 
motion,  tends  upwards  obliquely,  dill  receding  front 
that  part  towards  which  the  fmoking  body  proceeds. 

7.  This  declination,  casteris  paribus,  is  the  fmalled 
when  the  nuclei  approach  neared  the  fun  ; and  it  is 
alfo  lefs  near  the  nucleus,  or  head,  than  towards  the 
extremity  of  the  tail.  Becaufe  the  vapour  afeends 
more  fwiftly  near  the  head  of  the  comet,  than  in 
the  higher  extremity  of  its  tail  ; and  alfo  when 
the  comet  is  nearer  the  fun,  than  when  it  is  farthet- 
off. 

8.  The  tails  arc  fomewhat  brighter,  and  more  dif- 
tindlly  defined  in  their  convex,  than  in  their  concave 
part.  Becaufe  the  vapour  in  the  convex  part,  which 
goes  firll,  being  fomewhat  nearer  and  denfer,  reflecis 
the  light  more  copioully. 

9.  The  tails  always  appear  broader  at  their  tipper  ex*-- 
trenu’ty,  than  near  the  centre  of  the  comet.  Becaufe  the 
Vapour  in  a free  fpace  continually  rarefies  and  dilates. 

10.  The  tails  are  always  tranfparent,  and  the  fniaH- 
ed  dars  appear  througli  them.  Becaufe  tliey  confid 
of  infinitely  thin  vapour. 

The  Phafes  oj  Comets. — The  nuclei,  which  are  alfo 
called  the  heads,  and  bodies,  of  comets,  vicAVed  through 
a telefcope,  Ihew  a face  very  different  from  thofe  of 
the  fixed  dars  or  planets.  They  are  liable  to  apparent 
chancres,  which  Newton  aferibes  to  chansfcs  in  the 
atmofphere  of  comets ; and  this  opinion  was  confirm- 
ed by  obferrations  of  the  comet  in  1744.  Hid.  Acad. 
Scienc.  1744.  bturmius  fays  that,  obferving  the  co- 
met of  1680  with  a telefcope,  it  appeared  like  a coal 
dimly  glowing,  or  a rude  mafs  of  matter  illuminated 
with  a diiflcy  fumid  light,  lefs  fenfibie  to  the  extremes 
than  in  the  middle  ; whereas  a dar  appears  with  a 
round  dife,  and  a vivid  light. 

Of  the  comet  of  1661,  Hevelius  obferves,  that  its 
body  was  of  a ycllowiih  colour,  very  bright  and  con- 
fpicuous,  but  without  any  glittering  light : in  the 
middle  was  a denfe  ruddy  nucleus,  almod  equal  to 
Jupiter,  encornpaffed  by  a much  fainter,  thinner  mat- 
ter. February  i;th,  its  head  was  lomewhat  larger  and 
brighter,  and  of  a gold  colour;  but  its  light  more 
dtilky  than  the  dars  : and  here  the  nucleus  appeared 
divided  into  feveral  parts.  Feb.  6thj  the  dife  was 
leffened  ; the  parts  of  the  nucleus  dill  exlded,  though 
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lefs  tlian  beFore  ; one  of  them,  on  the  lower  part 
of  the  dixc,  on  the  left,  much  denfer  and  brighter  than 
the  rell: ; its  body  round,  and  rcprefenting  a very  lucid 
little  ftar  : the  nuclei  ftill  encompalfed  with  another 
bind  of  matter.  Feb.  loth,  the  head  fomewhat, more 
obfcure,  and  the  nuclei  more  confufed,  but  brighter 
at  top  than  bottom.  Feb.  13th,  the  head  diminilhed 
much  both  in  fize  and  fplendor.  March  2d,  its  round- 
nefs  a little  impaired,  and  its  edges  lacerated,  &c. 
March  28th,  very  pale,  and  exceeding  thin  ; its  mat- 
ter much  difperfed  ; and  no  dilUnfl  nucleus  at  all  ap- 
pealing. 

Weigelius,  who  faw  the  comet  of  1 664,  as  alfo  the 
moon,  and  a fmall  cloud  in  the  horizon  illiimJnated 
by  the  fun  at  the  fame  time,  obferved,  that  through 
the  telefcope  the  moon  appeared  of  a continued  lumi- 
nous furface  : but  the  comet  very  different  ; being  ex- 
actly like  the  little  cloud.  And  from  thefe  obferva- 
tions  it  v/as  that  Hevelius  formed  his  opinion,  that 
comets  are  like  maculcC  or  fpots  formed  out  of  the 
folar  exhalations. 

Of  the  Magnitude  of  Comets.^ — The  eflimates  that  have 
been  given  of  the  magnitude  of  comets  by  Tycho 
Brahe,  Hevelius,  and  fome  others,  are  not  very  ac- 
curate; as  it  does  not  appear  that  they  diilinguifhed 
between  the  nucleus  and  the  furrounding  atmofphere. 
Thus  Tycho  computes  that  the  true  diameter  of  the 
comet  in  1577  was  in  proportion  to  the  diameter  of 
the  earth,  as  3 is  to  14  ; and  Hevelius  made  the  dia- 
meter of  the  comet  of  1652  to  that  of  the  earth,  as  52 
to  100.  But  the  diameter  of  the  atmofphere  is  often 
10  or  15  times  as  great  as  that  of  the  nucleus  : the 
former,  in  the  comet  of  1682,  was  meafured  by  Flam- 
ileed,  and  found  to  be  2 b when  the  diameter  of  the 
nucleus  alone  was  only  11  or  I2^b  Though  fome 
comets,  eftimated  by  a comparifon  of  their  diflance 
and  apparent  magnitude,  have  been  judged  much  larger 
than  the  moon,  and  even  equal  to  fome  of  the  primary 
planets.  The  diameter  of  that  of  1744,  when  at  the 
diflance  of  the  fun  from  us,  micafured  about  which 
makes  its'diameter  about  three  times  that  of  the  earth: 
at  another  time  the  diameter  of  its  nucleus  was  nearly 
equal  to  that  of  the  planet  Jupiter. 

Of  ihe  'Tails  of  Comets,> — There  have  been  various 
conjectures  about  the  nature  of  the  tails  of  comets, 
the  principal  of  which  are  thofe  of  Newton,  and  the 
others  that  follow.  Newton  fhews  that  the  atmofpheres 
of  comets  will  furniflr  vapour  fiifhcient  to  form  their 
tails.  This  he  argues  from  that  wonderful  rarefaCtion 
in  our  air  at  a diflance  from  the  earth  ; which  is  fuch, 
that  a cubic  inch  of  common  air,  expanded  to  the 
rarity  of  that  at  the  diflance  of  half  the  earth’s  diame- 
ter, or  4C00  miles,  vrould  hll  a fpace  larger  than  the 
whole  region  of  the  fears.  Since  then  the  coma,  or 
atmofphere  of  a comet,  is  10  times  higher  than  the 
furface  of  the  nucleus,  from  the  centre ; the  tail, 
afeending  flill  much  higher,  mufl  neceffarily  be  im- 
menfely  rare  : fo  that  it  is  no  wonder  the  flars  are  vi- 
iihle  through  it. 

Now  tlie  afeent  of  vapours  into  the  tail  of  the  co- 
met, he  fuppofes  occafioned  by  the  rarefaClion  of  the 
matter  of  the  atmofphere  at  the  time  of  the  perihelion. 
Smoke,  it  is  obferved,  afeends  the  chimney  by  the  im- 
pulfe  of  the  air  in  which  it  floats  3 and  air,  rarefied  by 


heat,  afeends  by  the  diminution  of  its  fpeclflc  gravity^ 
carrying  up  the  fmoke  along  with  it ; in-  the  fame 
manner  then  it  may  be  fuppofed  that  the  tail  of  a co* 
met  is  raifed  by  the  fun. 

The  tails  therefore  thus  produced  In  the  perihelions 
of  comets,  will  go  olf  along  with  their  head  into  re* 
mote  regions  ; and  either  return  from  thence,  together 
with  the  comets,  after  a long  ferles  of  years  ; or  ra* 
ther  be  there  lofl,  and  vanifli  by  little  and  little,  and 
the  comet  be  left  bare  ; till  at  Its  return,  defeending 
towards  the  fun,  fome  fhort  tails  are  again  gradually 
produced  from  the  head  ; which  afterwards,  in  the  pe- 
rihelion, defeending  down  into  the  fun’s  atmolphere, 
will  be  iramenfely  increafed. 

Newton  farther  obferves,  that  the  vapours,  when 
thus  dilated,  rarefied,  and  diffufed  through  all  the  ce- 
leltial  regions,  may  probably,  by  means  of  their  own 
gravity,  be  gradually  attradled  down  to  the  planets, 
and  become  intermingled  with  their  atmofpheres,  He 
adds  that  this  intermixture  may  be  ufeful  and  neceffary 
for  the  confervation  of  the  water  and  moilture  of  the 
planets,  dried  up  or  confumed  In  various  ways.  And  1 
fufpedl:,  adds  our  author,  that  the  fpirit,  w'hich  makes 
the  fined,  fubtileft,  and  bell  part  of  oitr  air,  and  which 
is  abfolutely  reqiilfite  for  the  life  and  being  of  all  things, 
comes  principally  from  the  comets. — On  this  principle 
there  may  feem  to  be  fome  foundation  for  the  popular 
opinion  of  prefages  from  comets  ; fince  the  tail  of  a 
comet  thus  intermingled  with  our  atmofphere,  may 
produce  changes  very  fenfible  in  animal  and  vegetable 
bodies. 

It  may  here  be  added  that  another  life  which  New- 
ton conjetlures  comets  may  be  defigned  to  ferve,  is 
that  of  recruiting  the  fun  with  frefh  fuel,  and  repairing 
tlic  confumptlon  of  his  light  by  the  ilrearas  continually 
fent  forth  in  every  direftion  from  that  luminary.  In 
fuppoi't  of  this  conjedlure  he  obferves,  that  comets  in 
their  perihelion  may  fuffer  a diminution  of  their  pro- 
jeftile  force,  by  the  refiflance  of  the  folar  atmofphere  ; 
fo  that  by  degrees  their  gravitation  towards  the  fun 
may  be  fo  far  increafed,  as  to  precipitate  their  fall  into 
his  body. 

Other  opinions  on  the  tails  of  comets,  are  the  fol* 
lowing. 

Apian,  Tycho  Brahe,  and  fome  others,  think  they 
were  produced  by  the  fun’s  rays  tranfmitted  through 
the  nucleus  of  the  comet,  which  they  fuppofed  was- 
tranfparent,  and  there  refracted  as  in  a glafs  lens,  fo 
as  to  form  a beam  of  light  behind  the  comet.  Des. 
Cartes  accounted  tor  the  phenomenon  of  the  tail  by 
the  refradlion  of  light  from  the  head  of  the  comet  to 
the  fpedtator’s  eye.  Mairan  fuppofes  that  the  tails  are 
formed  out  of  the  luminous  matter  compofing  the  fun’s- 
atmofphere  : and  M.  De  laLande  combines  this  hypo- 
thefis  with  that  of  Newton  recited  above.  But  Mr, 
Rowning,  not  fatisfied  with  Newton’s  opinion,  ac- 
counts for  the  tails  of  comets  in  the  followino;  manner: 
It  Is  well  known,  fays  he,  that  when  the  iuii’s  light 
paffes  through  the  atmofphere  of  any  body,  as  the 
earth,  that  which  paffes  on  one  fide,  is  by  the  refrac- 
tion made  to  converge  towards  that  which  pafles  on 
the  oppofite  fide  ; and  this  convergency  is  not  wholly  ef- 
fefled  either  at  the  entrance  of  the  li<jht  into  the  at. 
mofphere,  or  at  its  exit  on  going  out  5 but  beginning  at 
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Its  entrance,  it  Increafes  In  every  point  of  its  progrefs ; 
It  is  alfo  agreed  that  the  atmofpheres  of  the  comets 
are  very  large  and  denfe : he  therefore  fuppofes  that 
by  fuch  time  as  the  light  of  the  fun  has  paifed  through 
a confiderable  part  of  the  atmofphere  of  the  comet, 
the  rays  are  fo  far  refrafted  towards  each  other,  that 
they  then  begin  fenfibly  to  illuminate  it,  or  rather  the 
vapours  floating  in  it  ; and  fo  render  that  part  they 
have  yet  to  pafs  through,  vifible  to  us  ; and  that  this 
portion  of  the  atmofphere  of  a comet  thus  illuminated, 
appears  to  us  in  form  of  a beam  of  the  fun’s  light,  and 
paffes  under  the  denomination  of  a comet’s  tail,  Rown- 
ing’s  Nat.  Philof.  part  4.  chap,  i r. 

M.  Euler,  hlem.  Berlin  tom.  2.  pa.  117,  thinks  there 
is  a great  affinity  between  the  tails  of  comets,  the  zo- 
diacal light,  and  the  aurora  borealis,  and  that  the  com- 
mon caufe  of  all  of  them,  is  the  action  of  the  fun’s 
light  on  the  atmofpheres  of  the  comets,  of  tlie  fun, 
and  of  the  earth.  He  fuppofes  that  the  impulfe  of  the 
rays  of  light  on  the  atmofphere  of  comets,  may  drive 
fome  of  the  finer  particles  of  that  atmofphere  far  beyond 
its  limits  ; and  that  this  force  of  impulfe  combined 
with  that  of  gravity  towards  the  comet,  would  produce 
a tail,  which  would  always  be  in  oppofition  to  the  fun, 
if  the  comet  did  not  move.  But  the  motion  of  the 
comet  in  its  orbit,  and  about  an  axis,  muft  vary  the 
pofition  and  figure  of  the  tail,  giving  it  a curvature, 
and  deviation  from  a line  joining  the  centres  of  the  fun 
and  comet ; and  that  this  deviation  will  be  greater,  as 
the  orbit  of  the  comet  has  the  greater  curvature,  and 
ag  the  motion  of  the  comet  is  more  rapid.  It  may  even 
happen,  that  the  velocity  of  the  comet,  in  its  perihe- 
lion, may  be  fo  great,  that  the  force  of  the  fun’s  rays 
may  produce  a new  tail,  before  the  old  one  can  follow  ; 
in  which  cafe  the  comet  might  have  two  or  more  tails. 
The  poffibility  of  this  is  confirmed  by  the  comet  of 
1 744,  which  was  obferved  to  have  feveral  tails  while  it 
was  in  its  perihelion. 

Dr.  Hamilton  urges  feveral  objections  agalnft  the 
Newtonian  hypothefis  ; and  concludes  that  the  tail  of  a 
comet  is  formed  of  matter  which  has  not  the  power 
of  refracting  or  reflecting  the  rays  of  light  ; but  that  it 
is  a lucid  or  felf-fhining  fubftance  : and  from  its  fimi- 
larity  to  the  Aurora  borealis,  that  it  is  produced  by 
the  fame  caufe,  and  is  properly  an  eleCtrical  phenome- 
non. Dr.  Halley  too  fetmed  inclined  to  this  hypo- 
thefis, w’hen  he  faid,  that  the  fireams  of  light  in  an  Au- 
rora borealis  fo  much  refembled  the  long  tails  of  co- 
mets, that  at  firll  fight  they  might  well  be  taken  for 
fuch  : and  that  this  light  feems  to  have  a greater  affi- 
nity to  that  which  the  effluvia  of  eleClric  bodies  emit 
in  the  dark.  Philof.  Tranf.  N°  347.  Hamilton’s 
Philof.  Elfays,  pa.  91. 

The  Motion  of  Comets. — If  it  be  fuppofed  that  the 
paths  of  comets  are  perfeCtly  parabolical,  as  fome  have 
imagined,  it  will  follow  that,  being  impelled  towards 
the  fun  by  a centripetal  force,  they  defeend  as  from 
fpaces  infinitely  diftant  ; and  that  by  their  falls  they 
acquire  fuch  a velocity  as  will  carry  them  off  again  into 
the  remotell  regions,  never  more  to  return.  But  the 
frequency  of  their  appearance,  and  their  degree  of  ve- 
locity, which  does  not  exceed  what  they  might  acquire 
by  their  gravity  towards  the  fun,  feem  to  put  it  pall 
doubt  that  they  move  like  the  planets,  in  elliptic  orbits, 


though  exceedingly  eccentric  ; andfo  return  again  after 
very  long  periods. 

The  apparent  velocity  of  the  comet  of  1472,  as  ob- 
ferved by  Regiomontanus,  was  fuch  as  to  carry  it 
through  40°  of  a great  circle  in  24  hours  : and  it  was 
obferved  that  the  comet  of  1770  moved  through  more 
than  45°  in  the  lafl  25  hours. 

About  the  return  of  comets  there  have  been  different 
opinions.  Newton,  Plamfleed,  Hailey,  and  other  Eng- 
lifh  allronomers,  feem  fatisfied  of  the  return  of  comets: 
Caffini  and  fome  of  the  French  think  it  hlgldy  proba- 
ble ; but  De  la  Hire  and  others  eppofe  it.  Thofe  on 
the  affirmative  fide  fuppofe  that  the  comets  defcrlbe  or- 
bits prodigioufly  eccentric,  infomuch  that  we  can  fee 
them  only  in  a very  fmall  part  of  their  revolution  : out 
of  this,  they  are  lofl  in  the  immenfity  of  fpace  ; hid 
not  only  from  our  eyes,  but  our  telefcopes  : that  lit- 
tle part  of  their  orbit  next  us  paffing  fometlmes  within 
thofe  of  all  the  inferior  planets.  * 

M.  Caffini  gives  the  following  reafons  in  favour  of 
the  return  of  comets,  i.  It  is  found  that  they  move  a 
confiderable  time  in  the  arch  of  a great  circle,  when  re- 
ferred to  the  fixed  ftars,  that  is  a circle  whofe  plane 
paffes  through  the  centre  of  the  earth  ; deviating  but  a 
little  from  it  chiefly  towards  the  end  of  their  appear- 
ance ; a deviation  however  common  to  them  with  the 
planets. — 2.  Comets,  as  well  as  planets,  appear  to  move 
lo  much  the  fafler  as  they  are  nearer  the  earth  ; and 
when  they  are  at  equal  dlftances  from  tlieir  perigee, 
their  velocities  are  nearly  the  fame.  By  fubtra^ting 
from  their  motion  the  apparent  inequality  of  velocity 
occafioned  by  their  different  diflance  from  the  earth, 
their  equal  motion  might  be  found  : but  we  fflould  not 
flill  be  certain  that  this  is  their  true  motion  ; becauie 
they  might  have  confiderable  inequalities,  not  diflln- 
giiiffiable  in  that  fmall  part  of  their  orbit  vifible  to  us. 
It  is  rather  probable  that  their  real  motion,  as  well  as 
that  of  the  planets,  is  unequal  in  itfelf ; and  hence  we 
have  a reafoii  why  the  obfervations  made  during  the  ap- 
pearance of  a comet,  cannot  give  the  jufl  period  of 
their  revolution. — 3.  There  are  no  two  diflerent  planets 
whofe  orbits  cut  the  ecliptic  in  the  fame  angle,  whofe 
nodes  are  in  the  fame  points  of  the  ecliptic,  and  having 
the  fame  apparent  velocity  in  their  perigee : conle- 
quentlyi  two  comets  feen  at  different  times,  yet  agree- 
ing in  all  thofe  three  circumfiances,  can  only  be  one 
and  the  fame  comet.  Not  that  this  exadf  agreement, 
in  thefe  circiimffances,  is  abfolutely  neceflary  to  deter- 
mine tlieir  identity  : for  the  moon  herfelf  is  irregular 
in  all  of  them,  fo  that  it  feems  there  mav  be  cafes  in 
which  the  fame  comet,  at  diflerent  periods  of  revolu- 
tion, may  dlfagree  in  thefe  points. 

As  to  the  objedlions  againft  the  return  of  comets, 
the  principal  is  that  of  the  rarity  of  their  appearance, 
with  regard  to  the  number  of  revolutions  affigned  to 
them.  In  1702  there  was  a comet,  or  rather  the  tail 
of  one,  feen  at  Rome,  which  M.  Caffini  takes  to  be  the 
fame  with  that  obferved  by  Ariflotle,  and  again  lately 
in  the  year  166S  ; which  would  imply  a period  of  34 
years  ; Now,  it  may  feem  ftrange  that  a liar  which 
has  fo  fhort  a revolution,  and  of  confeqiience  fuch  fre- 
quent returns,  fhould  be  fo  feldom  feen.  Again,  in 
April  of  the  fame  year  1702,  a comet  was  obferved  by 
Meflis.  Bianchzni  and  Maraldi,  which  the  latter  fnp- 
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pcfed  was  the  fame-'  with  that  of  1 664,  both  on  ac- 
cciint  of  its  motionj  velocity^  _a5ld  dircttlion.  M.  de  ia 
Hire  thought  it  had  fome  relation  to  another  he  had 
obferved  in  16^8,  which  Cafiini  refers  to  that  of  1652  ; 
which  would  make  it  a period  of  43  months,  and  the 
Bumber  of  revolutions  between  1652  and  1692,  14; 
now,  it  is  hard  to  fuppcfe,  that  in  this  age,  when 
the  heavens  are  fo  narrowly  v;atched,  a flar  hiould  make 
14  revolutions  iinperceived ; efpecially  fuch  a liar  as 
t his,  which  might  appear  above  a month  together  ; and 
eonicquently  be  often  difengaged  from  the  crepulcula, 
for  this  reaion  M»  Cafiini  is  very  referved  in  maintain- 
ing the  hypothehs  of  the  return  cf  comets,  and  only 
propofts  thofe  for  planets  where  the  motions  are  ealy 
and  fimple,  and  are  folved  without  ftraining,  or  allow- 
ing any  irregularities. 

M.  de  la  Hire  propofes  one  general  difficulty  againfl 
the  whole  fyftem  of  the  return  of  comets,  which  would 
feem  to  prevent  any  comet  from  returning  as  a planet; 
which  is  this ; that  by  the  difpofition  necelTarily  given 
to  their  courfes,  they  ought  to  appear  as  fmall  at  firft 
as  at  lafl ; and  always  increafe  till  they  arrive  at  their 
neareft  proximity  to  the  earth  ; or  if  they  ffioiild  chance 
not  to  be  obierved,  as  foon  as  they  are  capable  of  being 
feen,  it  is  yet  hardly  poffible  but  they  miift  often  ffiew 
th  emfelves  before  they  have  arrived  at  their  full  mag- 
nitude and  brightnefs  ; but,  adds  he,  none  were  ever 
yet  obferved  till  they  had  arrived  at  it.  However,  the 
appearance  of  a comet  in  the  month  of  06lober  1723, 
while  at  a great  didance,  fo  as  to  be  too  fmall  and  dim 
to  be  viewed  without  a telefcope,  as  well  as  the  obfer- 
vations  of  feveral  others  fince,  may  ferve  to  remove 
this  oblLacIe,  and  fet  the  comets  full  on  the  fame  foot- 
ing with  the  planets. 

It  is  a conjeHure  of  Newton,  that  as  thofe  planets 
which  are  neareft  to  the  fun,  and  revolve  in  the  leaft 
orbits,  are  the  fmalleft  ; fo  among  the  comets,  fuch  as 
in  their  perihelion  come  neareft  the  fun,  are  the  fmall- 
eft, and  revolve  in  the  leaft  orbits. 


Of  the  Writings  and  L'ljis  of  Comets^ 

There  have  been  many  writings  upon  the  fubjeH 
cf  comets,  befide  the  notices  cf  liiftorians  as  to  the 
appearance  of  certain  particular  ones. 

Regiomontanus  iisft  ffiewed  how  to  find  the  magni- 
tudes of  comets,  their  diftance  from  the  earth,  and  their 
true  place  in  the  heavens.  His  16  problems  De  Co- 


metas  Magniiiidine,  Longitiidine,  ac  Logo,  are  to  be 
found  in  a book  pnbiifhed  in  the  year  1544?  with  the 
title  of  Scripta  joannis  Regiomontani, 

Peter  Apian  obferved  and  wrote  upon,  the  comets  of 
1631,  1632,  &c.  Other  writers  are  Tycho  Brahe,  in  hh 
Progymnafmata  Aftronomics  Inftauratae. — Kepler,  of 
the  comet  in  the  year  1607,  and  de  Cometis  Libelii 
tres. — Riccioliis,  in  his  Almageftum  Novum,  publiftied 
1651,  enumerates  154  comets  cited  by  hiftorians  down 
to  the  year  1618. — Hevelius’s  Prodromus  Cometicusg. 
containing  the  hiftory  of  the  comet  cf  the  year  1664a. 
Alio  his  Cornetbgraphia. — Lubienietz,  in  a large  folio 
y.-ork  exprefsly  on  thisfubjecft,  publifiied  1667,  extracts, 
with  immenfe  labour,  from  the  paffages  of  all  hiftorians, 
an  account  of  415  comets,  ending  with  that  of  1665. — - 
Dr.  Plook,  in  his  Pofthumous  works. — M.  Caffini’s  lit- 
tle Tradt  of  Comets.—- Sturmiiis^s  Dilfertatio  de  Come-- 
tarum  Natura. — Newton,  in"  his  Principia,  lib.  3 ; who 
firft  affigned  their  proper  orbits,  and  by  calculations 
compared  the  obfervations  of  the  great  comet  of  1680 
with  his  theoiqu- — Dr.  Halley,  his  Synopfis  Cometica, 
in  the  Philof.  Tranf.  number  218,  &c  ; ivho  computed, 
the  elements  and  orbits  of  24  comets,  and  who  firft  ven- 
tured to  predidt  the  return  of  one  in  1759,  which  hap- 
pened accordingly, — De  la  Lande,Tiieorie  desCometes, 
1759  ; alfo,  in  his  Aftronomie,  vol.  3. — Clairaut,  The>' 
orie  du  moiivcment  des  Cometes,  1760-- — D’Alembert, 
Opufcules  Mathcmatiqiies,  vol.  2 pa.  97.- — M.  Alben: 
Euler,  1762. — Sejour,  Effai  fur  les  Cometes,  1775. — 
Befides  Bofcovich,  De  la  Grange,  De  la  Place,  Frifi,. 
I.aexel,  Barker,  Flancocks,  Cole,  witli  many  others. — 
And  M.  Pingrt’s  Cometographie,  in  2 vols,  qto,  17844 
in  wdiich  is  contained  the  molt  ample  lift  of  fuch  comets- 
as  have  been  well  obferved,  and  their  elements  computed, 
to  the  number  of  67*  And  accounts  of  a very  few  more 
that  have  been  obferved  fince  that  time,  may  be  feen  in 
the  Mem.  de  I’Acad,  and  in  the  Philof.  Tranf.- — And 
while  this  work  is  printing,  there  has  juft  come  out  a 
very  ingenious  and  ample  work  upon  comets,  by  Sir. 
Henry  Englefield,  entitled,  ‘‘  On  the  Determination  of 
the  Orbits  of  Comets.” 

The  whole  lift  of  comets  that  have  been  noticed,  on 
record,  amount  to  upwards  of  500,  but  the  following 
is  a complete  lift  of  ail  that  have  been  properly  obferved, 
and  their  elements  computed,  the  mean  diftance  of  tire 
earth  from  the  fun  being  100000* 
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Halley 

9 

2 

59 

58  40 

8 

23 

27 

656 

17 

2 1 

• • • 

Euler 

9 

I 

53 

61  20 

8 

23 

43 

592 

18 

0 

• • • 

Newton 

9 

I 

57 

61  23 

8 

22 

40 

603 

18 

0 

• • • 

Pingi'e 

1682 

I 

2 1 

17 

17  56 

10 

2 

53 

58328 

Sept. 

I JL 

I 

8 

Ret. 

Halley 

- I 

20 

48 

17  42 

10 

I 

36 

58250 

H 

22 

• • • 

Halley 

1683 

5 

23 

23 

83  II 

2 

25 

30 

56020 

JliH' 

F3 

3 

Ret. 

Halley 

1684 

8 

28 

15 

65  49 

7 

28 

52 

96015 

June 

8 

10 

Dir. 

Halley 

1686 

1 1 

20 

35 

31  22 

2 

17 

I 

32500 

Sept. 

16 

15 

Dir. 

Halley 

1689 

10 

23 

45 

69  17 

• 8 

23 

45 

1689 

Dec. 

I 

15 

Ret. 

Pingre 

1698 

8 

27 

44 

1 1 46 

9 

0 

5^ 

69129 

oa. 

18 

17 

Ret. 

Halley 

1699 

10 

2 1 

46 

69  20 

7 

2 

31 

744C0 

Jan. 

13 

9 

Ret. 

La  Caille 

1702 

6 

9 

25 

4 30 

4 

18 

41 

64590 

March 

13 

H 

Dir. 

La  Caille 

1706 

c 

13 

1 2 

55  14 

2 

12 

29 

42581 

Jan. 

30 

5 

Dir. 

La  Caille 

0 

13 

1 1 

55  H 

12 

3^ 

42686 

30 

5 

• • • 

Struyck 

1707 

I 

22 

8 

88  50 

2 

17 

4 

86350 

Dir. 

Houtteryn 

I 

22 

47 

88  36 

2 

19 

55 

S5974 

Dec. 

12 

0 

• • • 

La  Caille 

I 

22 

50 

88  38 

2 

19  58 

85904 

12 

0 

• * • 

Struyck 

1718 

4 

8 

43 

30  20 

4 

I 

30 

102655 

Jan. 

15 

0 

Ret. 

La  Caille 

4 

7 

55 

31  13 

JL 

1 

I 

27 

102565 

15 

I 

• • « 

Douwes 

1723 

0 

14 

16 

49  59 

I 

12 

52 

99865 

Sept. 

27 

16 

Ret. 

Bradley 

1729 

10 

10 

35 

77  2 

10 

22 

17 

406980 

June 

23 

7 

Dir. 

Douwes 

10 

10 

33 

76  58 

10 

22 

40 

426140 

25 

1 1 

• • • 

La  Caille 

10 

10 

17 

7*5  53 

10 

27 

22 

416927 

23 

0 

• • • 

Maraldi 

10 

10 

52 

77  19 

10 

16 

27 

394927 

May 

22 

1 1 

• • « 

Kies 

JO 

10 

33 

77  I 

10 

22 

37 

408165 

June 

25 

9 

• • • 

De  riOe 

1737 

7 

16 

22 

18  21 

10 

25 

55 

22282 

Jan. 

30 

9 

Dir. 

Bradley 

1739 

6 

27 

18 

55  53 

3 

12 

34 

67160 

June 

17 

1 1 

Ret. 

Zanotti 

6 

27 

25 

55  43 

3 

12 

39 

67358 

17 

10 

• • • 

La  Caille 

1742 

6 

5 

35 

67  4 

7 

7 

33 

76555 

Feb. 

8 

5 

Ret. 

Struyck 

6 

5 

33 

7 

7 

32 

76550 

8 

4 

• • • 

i 

Le  Monnier 

6 

5 

38 

66  59 

7 

7 

35 

76568 

8 

5 

• • • 

La  Caille 

6 

5 

43 

66  52 

7 

7 

39 

76530 

8 

8 

• • • 

Zanotti 

6 

16 

9 

56  35 

7 

16 

42 

73766 

1 

22 

• • • 

Euler 
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s 

0 

0 

s 

0 

/ 

d 

h 

\ 

1742 

6 

9 

32 

61 

44 

7 

lO 

49 

73668 

Feb. 

7 

4 

Ret. 

Euler 

6 

5 

47 

68 

14 

7 

7 

33 

76890 

7 

22 

• • 

Wrigt 

6 

:> 

29 

67 

1 1 

n 

t 

i 

26 

76620 

8 

5 

• • • 

Klinkenberg 

6 

? 

42 

66 

51 

7 

7 38 

76547 

8 

7 

« • • 

Houtterya 

1743 

2 

8 

1 1 

2 

16 

3 

2 

58 

83811 

Jan. 

10 

21 

Dir. 

Struyck 

2 

8 

21 

2 

20 

3 

2 

42 

83501 

10 

21 

• « • 

La  Caille 

^743 

0 

5 

16 

45 

48 

8 

6 

34 

32037 

Sept. 

20 

2 I 

Ret. 

Kliakenberg 

1744 

I 

^5 

45 

47 

9 

6 

^7 

13 

22206 

March 

I 

8 

Dir. 

-Bets  and  .Bliis  ■ 

I 

15 

47 

47 

4 

6 

17 

6 

22322 

I 

8 

• • # 

Maraldi 

1744 

I 

15 

46 

47 

5 

6 

J7 

10 

22250 

March 

j 

8 

Dir. 

La  Caille 

I 

5^ 

47 

18 

6 

^7 

18 

22156 

I 

8 

• • • 

Zanotti 

I 

16 

5 

47 

50 

6 

57 

19 

22192 

I 

9 

• • • 

Chel'eaux 

I 

15 

46 

47 

1 1 

6 

57 

12 

22222 

I 

8 

• ..4»  • 

Luier 

I 

15 

48 

47 

8 

6 

17 

53 

22233 

I 

8 ' 

• • • 

Pingre 

I 

15 

49 

47 

18 

6 

17 

55 

22200 

I 

8 

• • • 

Kiinkenberg 

I 

15 

49 

47 

14 

6 

17 

16 

22176 

I 

9 

• • • 

Liiorter 

1747 

4 

26 

58 

77 

57 

9 

10 

6 

229388 

Feb. 

28 

12 

E.et. 

Chefeaux 

4 

27 

19 

79 

7 

9 

7 

2 

219859 

March 

3 

10 

• • • 

Maraldi 

4 

27 

19 

79 

6 

9 

7 

2 

219851 

3 

7 

• • • 

La  Caille 

*4^ 

00 

7 

^ L 

52 

85 

27 

7 

5 

I 

84066 

April 

28 

20 

Ret. 

Maraldi 

7 

22 

46 

85^ 

35 

7 

4 

39 

84150 

29 

I 

• • • 

Le  Monnier 

7 

22 

52 

85 

28 

' 7 

5 

23 

84040 

28 

^9 

• • « 

La  Caille 

1748 

I 

4 

40 

56  59 

9 

6 

9 

65325 

June 

18 

2 

Dir. 

Struyck 

1757 

7 

4 

13 

12 

50 

4 

2 

58 

33754 

0£l. 

21 

8 

Dir. 

Bradley 

7 

4 

6 

12 

39 

4 

2 

39 

33907 

21 

10 

• • • 

La  Caille 

7 

4 

4 

12 

48 

4 

2 

49 

33797 

21 

10 

• • • 

Pingre 

7 

4 

7 

12 

4» 

4 

2 

36 

33932 

21 

9 

• • • 

De  Ratte 

1758 

7 

20 

50 

68 

19 

8 

27 

38 

21535 

June 

1 1 

3 

Dir. 

Pingre 

^759 

I 

23 

48 

17 

38 

10 

3 

14 

58255 

March 

12 

i± 

1 

Ret. 

Mehier 

I 

23 

46 

17 

40 

10 

3 

8 

58490 

12 

14 

• • • 

De  la  Lande 

I 

23 

49 

17 

35 

10 

3 

16 

58360 

12 

13 

# • • 

Maraldi 

I 

23 

49 

'7  38 

10 

3 

16 

58380 

12 

13I 

• • • 

La  Caille 

I 

23 

49 

' 17 

39 

10 

3 

16 

58350 

12 

13I 

• « • 

La  Caille 

I 

23 

46 

17 

40 

10 

3 

19 

58298 

12 

13 

• • • 

Kiinkenberg 

I 

24 

7 

»7 

29 

10 

I 

0 

59708 

13 

10 

• • « 

Kiinkenberg 

I 

23 

45 

17 

41 

lO 

3 

23 

58234. 

12 

13 

• • • 

Bailly 

1759 

4 

19 

40 

79 

7 

I 

23 

34 

80139 

Nov. 

27 

0 

Dir. 

Pingre 

4 

19 

39 

78  59 

I 

23 

24 

79851 

27 

2 

» • • 

La  Caille 

4 

19 

40 

79 

3 

I 

23  38 

80208 

27 

I 

• • • 

Chappe 

1759 

2 

^9 

51 

4 52 

4 

18 

25 

96599 

Dec. 

16 

21 

Ret. 

La  Caille 

1759 

2 

19 

20 

4 42 

4 

59 

4 

96180 

Dec. 

b6 

13 

Ret. 

Chappe 

I 762 

1 1 

18 

56 

85 

22 

3 

15 

22 

101415 

May 

29 

0 

Dir. 

Maraldi 

1 1 

19 

20 

84  45 

3 

55 

15 

101249 

28 

15 

• • • 

De  la  Lande 

1 1 

18 

58 

85 

12 

3 

14 

24 

101065 

29 

2 

• • • 

Bailly 

1 1 

18 

35 

85  40 

3 

13 

43 

100686 

28 

2 

• • • 

Kiinkenberg 

1 1 

J9 

2 

85 

3 

3 

14 

30 

100986 

28 

7 

• • • 

Struyck 

1763 

1 1 

26 

23 

72 

4^ 

2 

24  52 

49876 

Nov. 

I 

20 

Dir. 

Pingre 

1764 

4 

0 

5 

52 

54 

0 

15 

15 

55522 

Feb. 

12 

14 

Ret. 

Pingre 

1 766 

8 

4 

1 1 

40 

50 

4 

23 

55  . 

30532 

h'eb. 

17 

Q 

Ret. 

Pingre 

1766 

2 

14 

23 

1 1 

8 

8 

2 

18 

33275 

April 

22 

21 

Dir. 

Pingre 

1769 

5 

25 

I 

40  38 

4 

24 

6 

12376 

oa. 

7 

13 

Dir. 

De  la  Lande 

5 

25 

2 

40 

43 

4 24 

14 

12287 

7 

12 

• « • 

Wallot 

5 

25 

' 3 

40 

47 

4 

24 

1 1 

12258 

7 

13 

• • • 

Caffin,  jun. 

5 

25 

7 

40  49 

4 

24 

1 1 

12272 

7 

14 

• 4 • 

Prolperin 

5 

25 

3 

40  41 

4 

24 

9 

12289 

7 

14 

• • • 

AudifFredi 

5 

25 

1 1 

41 

1 

4 

24 

33 

1 2 100 

7 

12 

• • • 

Slop 

5 

19 

41 

29 

4^ 

4 

13 

15 

15880 

16 

10 

• • • 

Zanotti 

5 

25 

5 

40  41 

4 

24 

7 

12308 

7 

14 

• • • 

Afclepi 

5 

24 

42 

4* 

28 

4 25  46 

11640 

7 

I I 

• • • 

Lambert 

L 

5 

25 

14 

40  43 

4 

24 

22 

12280 

7 

18 

• • • 

Widder 
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Motion 

CaJ  culated  by 

1 

0 

/ 

0 

/ 

s 

0 

✓ 

d 

h 

1769 

5 

25 

3 

40 

50 

4 

24 

16 

12264 

oa. 

7 

15 

Dir. 

Euler 

5 

25 

5 

40 

50 

4 

24 

1 1 

12269 

7 

16 

• • • 

Lexell 

5 

25 

'6 

^0 

47 

4 

24 

16 

12274 

7 

16 

• • • 

Pingre 

1770 

4 

16 

39 

1 

44 

1 1 

26 

7 

62959 

Aug, 

9 

0 

Dir. 

Pingre 

4 

F3 

39 

1 

4^ 

1 1 

25 

5 

65800 

JO 

22 

• » • 

Pingre 

4 

15 

29 

I 

47 

1 1 

26 

7 

6295; 

9 

0 

• • • 

Prolperiii 

4 

15 

4 

1 

45 

1 1 

22 

51 

64456 

8 

9 

• • • 

Proiperin 

4 

H 

3^ 

I 

23 

0 

7 

14 

71717 

25 

2 

• • • 

Prolperiii 

4 

12 

56 

I 

46 

1 1 

29 

45 

64946 

12 

21 

• • • 

Widder 

1770 

4 

12 

0 

I 

34 

1 1 

26 

16 

67438 

Aug. 

13 

13 

Dir. 

Lexell 

4 

12 

17 

I 

35 

1 1 

26 

26 

67689 

14 

0 

• • • 

Pingr6 

4 

16 

H 

I 

45 

1 1 

26 

13 

62872 

9 

I 

• • • 

Slop 

4 

12 

0 

I 

55 

1 1 

27 

57 

63  100 

9 

4 

• • • 

Lambert 

4 

H 

22 

I 

49 

1 1 

26 

19 

62758 

8 

19 

• • • 

Rlttenhoufe 

1770 

2) 

18 

42 

31 

26 

6 

28 

23 

52824 

Nov. 

22 

6 

Ret. 

Pingre 

1771 

0 

27 

51 

1 I 

15 

3 

13 

28 

90576 

April 

18 

22 

Dir. 

Pingre 

0 

27 

70 

I I 

17 

3 

F3 

4« 

90188 

19 

I 

• • • 

Profperin 

1772 

8 

12 

43 

W 

0 

3 

18 

6 

101814 

Feb. 

18 

2 1 

Dir. 

La  Lande 

1773 

4 

I 

j6 

61 

25 

2 

15 

36 

1 13390 

Sept. 

5 

1 1 

Dir. 

Pingre  • 

4 

3 

63 

33 

2 

21 

40 

123800 

2 

12 

• • • 

Lambert 

4 

3 

35 

62 

36 

2 

20 

43 

121550 

2 

19 

• • • 

Schultz 

4 

j 

12 

61 

2 i 

2 

16 

I I 3010 

5 

6 

• • • 

ex  ell 

4 

I 

5 

6.' 

*3 

2 

14 

5B 

1 12530 

5 

9 

• • • 

Pingre  ^ 

1774 

6 

0 

57 

82 

48 

lO 

16 

28 

142525 

Aug. 

14 

4 

Dir. 

De  Saron 

6 

0 

50 

82 

49 

10 

j6 

48 

142525 

14 

18 

• • • 

De  Saron 

6 

1 

22 

82 

2 1 

10 

17 

26 

142600 

15 

• • • 

Bofcowich 

6 

0 

5^ 

83 

0 

10 

17 

22 

142860 

15 

1 1 

• • • 

Mechain 

1779 

0 

25 

3 

32 

26 

2 

27 

H 

71322 

Jan. 

4 

3 

Dir. 

De  Saron 

0 

6 

32 

24 

2 

27 

13 

71313 

4 

2 

• • • 

Mechain 

0 

25 

4 

32 

26 

2 

27 

H 

713^9 

4 

2 

• • • 

D’Angos 

1780 

4 

4 

0 

53 

56 

8 

6 

3c 

9781 

Sept. 

30 

20 

Ret. 

Lexell 

4 

4 

30 

53 

J5 

8 

6 

19 

10047 

30 

16 

• • • 

Lexell 

4 

4 

9 

53 

48 

8 

6 

2 1 

9926 

30 

18 

• • • 

Mechain 

178  I 

2 

25 

^3 

16 

5 

22 

17 

iC27^ij8 

March 

F3 

0 

Dir. 

Bolcowich 

5 

28 

13 

944040 

Jan. 

27 

6 

• • • 

La  Place 

178  I 

2 

23 

I 

81 

43 

7 

29 

1 1 

77586 

7 

5 

Dir. 

Mechain 

17S1 

2 

17 

23 

27 

13 

0 

16 

3 

96101 

I Nov. 

20 

13 

Ret. 

Mechain 

M.  Facio  has  fuggeded,  tliat  fome  of  the  comets 
have  their  nodes  fo  very  near  the  annual  orhit  of  the 
earth,  that  if  the  earth  fhould  happen  to  be  found  in 
that  part  next  the  node  at  the  time  of  a comet’s  palT- 
ing  by  ; as  the  apparent  motion  of  the  comet  will  be 
immenfely  fwife,  fo  its  parallax  will  become  very  fenfi- 
ble ; and  its  proportion  to  that  of  the  fun  v/ill  be 
given  ; whence,  fuch  tranfits  of  comets  will  afford  the 
bed  means  of  determining  the  diftance  between  the 
earth  and  fun. 

The  comet  of  1472,  for  indance,  had  a parallax 
above  20  times  greater  than  the  Inn’s:  and  if  that  of 
1618  had  come  down  in  the  beginning  of  March  to  its 
defeending  node,  it  would  have  been  much  nearer  the 
earth,  and  its  parallax  much  more  notable.  But  hither- 
to none  has  threatened  the  earth  with  a nearer  appulfe 
than  that  of  1680:  for,  Dr,  Halley  finds,  by  calcula- 
tion, that  Nov.  iith,  at  I h.  6 min.  aflei'noon,  that 
comet  was  not  more  than  one  femidiameter  of  the  earth 
to  the  northward  of  the  earth’s  path  ; at  which  time 
Jiad  the  earth  been  in  that  part  of  its  orbit,  the  comet 
would  have  had  a parallax  e<pual  to  that  of  the  moon.— 


What  might  have  been  the  confeqiience  of  fo  near  an 
appulfe,  a contadf,  or  ladly,  a diock  of  theie  bodies? 
Mr.  Whldou  lays,  a deluge  ! 

7 o determine  the  Place  and  Cvurfe  of  a Comet. — Ob- 
ferve  the  didance  of  the  comet  from  two  fixed  liars, 
whofe  longitudes  and  latitudes  are  known  : then  from 
the  diilances  thus  known,  calculate  the  place  of  the 
comet  by  Ipherical  trigonometry. 

Longomontanus  Ihews  an  eafy  method  of  finding  and 
tracing  out  the  places  of  a comet  mechanically,  which 
is,  to  lind  two  dars  in  the  fame  line  with  the  comet, 
by  dretching  a thread  before  the  eye  over  all  the  thi'ee  ; 
then  do  the  fame  by  two  other  liars  and  the  comet : 
this  dene,  take  a celellial  globe,  or  a planifphere,  and 
draw  a line  upon  it  lird  through  the  former  two  dars, 
and  then  through  the  latter  two;  fo  fhall  the  interfec- 
tion  of  the  two  lines  be  the  place  of  the  comet  at  that 
time.  If  this  be  repeated  fiom  time  to  time,  and  all 
the  points  of  interfedlion  connedled,  it  will  drew  the 
path  of  the  comet  in  the  heavens. 

COMFTARIUM,  a machine  adapted  to  give  a re- 
prefentation  of  the  revolution  of  a comet  about  the  fun» 

It 
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It  is  fo  contrived  as,  by  elliptical  wheels,  to  Ihew  the 
iiaequal  motion  of  a comet  in  every  part  of  its  orbit. 
The  comet  Is  reprefented  by  a fmall  brais  ball,  carried 
by  a radius  vedlor,  or  wire,  in  an  elliptical  groove  about 
the  fun  in  one  of  Its  foci ; and  the  years  of  its  period 
are  fhewn  by  an  Index  moving  with  an  equable  motion 
over  a graduated  filvered  circle.  See  a particular  de- 
fcrlptlon,  with  a figure  of  it,  in  Fergufon’s  Altron.  8vo. 
pa.  4C0. 

COMMANDINE  (Frederick),  a celebrated 
mathematician  and  lingulft,  was  born  at  Urbino  in 
Italy,  in  1509  ; and  died  In  1575  ; confequently  at  66 
years  of  age.  Fie  was  famous  for  his  learning  and 
knowledge  in  the  fciences.  To  a great  depth,  and  juft 
tafte  in  the  mathematics,  he  joined  a critical  fidll  In  the 
Greek  language;  a happy  conjundlion  which  made  him 
very  well  qualified  for  tranfiating  and  expounding  the 
writings  of  the  Greek  mathematicians.  And  accord- 
^ ingly,  with  a rnoft  laudable  zeal  and  induftry,  he  tranf- 
lated  and  publifhed  feveral  of  their  works,  to  which  no 
former  writer  had  done  that  good  office.  On  which 
account,  Francis’'MorIa,  duke  of  Urbino,  who  was  very 
converfant  In  thofe  fciences,  proved  a very  affedlionate 
patron  to  him.  He  is  greatly  applauded  by  Blanchanus, 
and  other  writers ; and  he  juftly  defervcd  their  enco- 
miums. 

Of  his  own  works  Commandine-publlflied  the  follow- 

1.  Commentanus  in  PlanlfpIiEerlum  Ptoloftiasi:  15 5 8, 
in  4to. 

2.  De  Centro  Gravltatis  Solidorum : Bonon.  1565,, 
' in  qto. 

3.  Horologiorum  Defcriptio  : Rom.  1 562,  in  4to. 

He  tranfiated  and  illuftrated  with  notes  the  follow- 

ing  works,  mod  of  them  beautifully  printed,  in.4to.  by 
the  celebrated  printer  Aldu-s  : 

•I.  Archimedls  Circuli  Dimenfio  ; de  Lineis  Spirali- 
, bus  ; Qiiadratura  Parabolae  ; de  Conoldibus  Sc  Sphae- 
“ roldibus  ; de  Arenas  Nuraero  : 1558. 

2.  Ptolomasi  Planifphaerlum-;  & Planifphaerium  Jor- 
- dani  : 

3.  Ptolomasi  Analemma  : 1362. 

. 4.  Archimedis  de  ils  quae  vehuntur  In  aqua  : 1565. 

.3.  Apollonil  Pergcei  Conicorum  libri  quatuor,  una 
-cum  Pappi  AlexandrinI  Lemmatibus,  Sc  Commentariis 
JEutocil  Afcalonitas,  See  ; i 366. 

6.  Machometes  Bagdadinus  de  Superficierum  Divi- 
fionibus : 1570. 

7.  Elementa  Euclidls  : 1572. 

8.  Ariftarchus  de  Magnitudinibus  Sc  Diftantlis  Solis 
^ Lunae : 1572. 

9.  Heronis  AlexandrinI  Spiritualium  liber  : 1383; 

10.  Pappi  AlexandrinI  Colledliones  Mathematicae  ; 
1588. 

COMMANDING  Ground.,  in  Fortification,  an  emi- 
nence, or  rifing  ground,  overlooking  any  poll  or  ftrong 
place.  This  Is  of  three  foits.  1^,  A Front  Command- 
ing Ground,  or  a height  oppofitc  to  the  face  of  the 
poll,  which  plays  upon  Its  front.  2dly,  A Reverfe 
Commanding  Ground,  or  an  eminence  that  can  play  upon 
ihe  rear  or  back  of  the  poll,  sdly.  An  Enfilade  Com- 
manding Ground,  or  an  eminence  in  flank  which  can, 
^ith  its  ffiot,  fcour  all  the  length  of  a ftraight  llnc» 
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COMMENSURABLE  Quantities,  or  Magnitudeis, 
are  fuch  as  have  fome  common  aliquot  part,  ol'  which 
may  be  meafured  or  divided,  without  a remainder,  by 
one  and  the  fame  meafure  or  divifor,  called  thdr  com- 
mon raeafure.  Thus,  a foot  and  a yard  are  commen- 
surable, becaufe  there  is  a third  quantity  that  can  mea- 
fure each,  viz  an  inch  ; which  Is  12  times  contained  in 
the  foot,  and  36  times  in  the  yard. — Commenfurables 
-areMo  each  other,  as  one  rational  whole  number  is  to 
:.another  ; but  incommenfurables  are  not  fo  : And  there- 
fore the  ratio  of  commenfurables  is  rational ; but  that 
of  incommenfurables,  irrational:  hence  alfo  the  expo- 
nent of  the  ratio  of  commenfurables,  is  a rational  num- 
ber. 

COMMENSURABLE  Numbers,  whether  integers,  , 
or  fractions,  or  furds,  are  fuch  as  have  fome  other  num-  • 
her,  which  will  meafure  or  divide  them  exadlly,  or 
without  a remainder.  Thusy  6 and  8 are  commenfura- 
ble,  becaufe  2 meafures  or  divides  them  both.  And  . 
I and  .:^,  or  and  are  commenfurable  fradlions,  be- 
caufo  the  fradllon  or  See,  will  meafure  them 
- both' ; and  In  this  ferife,  all  fradlions  may  be  fald  to  be 
• commenfurable.  Alfo,  the  furds  2\/2  and  3.v'^2  arc 
commenfurable,  being -meafured  by  i,/i,  or  being  to 
each  other  as  2 to  3. 

Commensurable  In  Power,  Euclid  fays,  right 
lines  are  commenlurable  in  power,  when  their  fquares 
are  meafured  by  one  and  the  fame  fpace  or  fuperficies. 

COMMON,  Is  applied  to  an  angle,  line,  meafure,  or 
the  like,  that  belongs  to  two  or  more  figures,  or  other 
-things.  As,  a common  angle,  a common  fide,  a com- 
-mon  bafe,  a common  meafure,  See. 

Common  Measure,  or  divifor,  is  that  which  mea- 
fiires  two  or  more  things  without  a remainder.  So  of 
8 and  1.2,  a common  meafure  is  2,  and  fo  is  4. 

The-greatejl  Common  Meafure,  is  the  greateft  number 
‘that  can  meafure  two  other  numbers.  So,  of  8 and  12, 
the  greateft  common  meafure  is  4. 

To  find  the  greatejl  common  meafiure  of  two  numbers. 
Divide'tbe  greater  term  by  the  lels  ; then  divide  the  di- 
vifor by  the  remainder,  if  there  be  any  ; and  fo  on  con- 
tinually, always  dividing  the  laft  divifor  by  the  laft  re- 
mainder, till  nothing  remains;  and  then  is  the  laft-di- 
vifor  the  greateft  common  meafure  fought. 

Thus,  to  find  the  greateft  common  -meafure  of  81^ 
and  148S. 
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therefore  4S  is  the  greatcfl  common  meafurc  of  '816 
'and  1488, thus  : 

48)8i6(  17  48 ) 1488(31 
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The  common  meafurc  is  ufeful  in  fra^lions,  to  iv- 
'■duce  a fra(^!tio'n  to  its  leaft  terms,  by  dividing  thofe  that 
are  given  by  their  grcateil  common  mcafure.  So  tV/y 
reduces  to  by  dividing  816  and  1488  both  by  their 
greateft  common  meafure  48. 

COMMUNICATIGN  of  Motion,  that  act  of  a 
"moving  body,  by  which  it  gives  motion,  or  transfers 
its  motion  to  another  bodv. 

Father  Maliebratiche  conliders  the  communication  of 
“^tnotion,  as  fomething  metapbyfical ; that  is,  as  not  ne- 
ceflarily  arifing  from  any  phylical  principles,  or  any 
properties  of  bodies,  but  flowing  from  the  immediate 
agency  of  God. 

The  communication  of  motion  refults  from,  and  is  an 
'evidence  of  the  impenetrability  and  inertia  of  matter, 
as  fuch  ; unlefs  we  admit  the  hypothefis  of  the  pene- 
trability of  matter,  advanced  by  Bofcovich  and  Michell, 
and  aferibe  to  the  power  of  repulfion  thofe  eftedfs  which 
'have  been  ufually  afcribed  to  its  folidity  and  adlual  re- 
Fiftance. 

Newton  fhews  that  adfion  and  reaction  are  equal  and 
oppofite  ; fo  that  one  body  ftriking  or  adling  againfl: 
another,  and  thence  Caufing  a change  in  its  motion, 

‘ does  itfelf  undergo  the  very  fame  change  in  its  own 
motion,  the  contrary  way.  And  hence,  a moving  body 
linking  diredlly  another  at  reft,  it  lofes  juft  as  much  of 
its  motion  as  it  communicates  to  the  other.  For  the 
laws  and  quantity  of  motion  fo  communicated,  either  in 
elaftic  or  nonelaftic  bodies,  fee  Collision. 

COMMUTATION,  An^gh  of  is  the  diftance  be- 
tween the  fun’s  true  place  feen  from  the  earth,  and 
the  place  of  a pUnet  reduced  to  the  ecliptic  : which 
therefore  is  found  by  taking  the  difference  between  the 
fun’s  longitude  and  the  heliocentrie  longitude  of  the 
■planet. 

COMPANY,  I^ule  of  or  Rule  of  FellowJJoip,  in 
Arithmetic,  is  a rule  by  which  are  determined  the  true 
fhares  of  profit  or  lofs,  due  to  the  feveral  partners,  or 
aflbeiates.  In  any  enterprize,  or  trade,  in  due  propor- 
tion to  the  ftock  contributed  by  each,  and  the  time  It 
was  employed.  To  do  which  properly,  fee  the  Rule  of 
F ello'wjh'tp . 

COMPARTMENT,  a defign  compofed  of  feveral 
'different  figures,  difpofed  with  fymmetry  5 to  adorn  a 
parterre,  a cieling,  pannel  of  joinery,  or  the  like. 

COMPARTITION,  the  ufeful  and  graceful  diftri- 
tution  of  the  whole  ground-plot  of  an  edifice,  into 
Tooms  of  office,  and  of  reception,  or  entertainment. 

COMPASS,  ©r  MarhieF s Compafs,  is  an  Inftriiment 
tifed  at  fea  by  mariners  to  dlrefl  and  afeertain  the 
trourfe  of  their  fhips.  It  confifts  of  a circular  brafs  box, 
which  contains  a paper  card  with  the  32  points  of  the 
'eompafs,  or  winds,  fixed  on  a magnetic  needle  that  al- 
ways turns  to  the  north,  excepting  a fmall  deviation, 
^A’hich  Is  variable  at  different  places,  and  at  the  fame 
' VoL.  I, 


place  at  different ’times.  See  Variation  of  the  Com^ 

pafs,  ^ 

The  needle  with  the  card  turns  on  an  upright  pin 
fixed  in  the  centie  of  the  box.  To  the  middle  of  the 
needle  is  fixed  a brafs  conical  focket  or  cap,  by  which, 
the  card  hanging  on  the  pin  turns  freely  round  the 
centre. 

The  top  of  the  box  is  covered  with  a glafs,  to  pre- 
vent the  wind  from  difturbing  the  motion  of  the  card. 
The  wdiole  is  inclofed  in  another  box  of  wood,  where 
it  is  fufpended  by  brafs  hoops  or  gimbals,  to  keep  the 
card  in  a horizontal  pofition  during  the  motions  of  the 
fliip.  The  whole  is  to  be  fo  placed  in  the  fhip,  that 
the  middle  fedlion  of  the  box,  parallel  to  Its  fides,  may 
be  parallel  to  the  middle  fedlion  of  the  fhip  along  its 
keel. 

The  invention  of  the  cOmpafs  is  ufually  aferibed  to 
Flavio  Gioia,  or  Flavio  of  Malphi,  about  the  year 
1 302  ; and  hence  it  is  that  the  territory  of  Principato, 
the  part  of  the  kingdom  of  Naples  wFere  he  was  born ^ 
has  a compafs  for  its  arms.  He  divided  his  compafs 
only  into  8 points.  Others  aferibe  the  Invention  to 
the  Chinefe  ; and  Gilbert,  In  his  book  de  Magnete,  af- 
firms that  Marcus  Pauluj,  a Venetian,  making  a jour- 
ney to  China,  bro'iight  back  the  invention  with  him  lu 
1260.  What  ftrengthens  this  conjedlure  is,  that  at  firft: 
they  ufed  the  compafs,  in  the  fame  manner  as  the  Chinefe 
ftlll  do,  viz,  letting  it  float  on  a fmall  piece  of  cork,  in- 
flead  of  fufpending  it  on  a pivot.  It  is  added,  that 
their  emperor  Chinirtgus,  a celebrated  aftrologer,  had  a 
knowledge  of  It  1120  years  before  Chrift.  The  Chi- 
nefe divide  their  compafs  only  into  24  points.  But 
LudI  Vertomanus  affirms^  that  when  he  was  in  the 
Eaft-Indies,  about  the  ye:^r  1500,  he  favv  a pilot  of  a 
flilp  dlredl  his  courfe  by  a compafs,  faftened  and  framed 
as  thofe  now  commoply  ufed.  And  Barlow’’,  in  his 
book  called  The  Navigator’s  Supply,  anno  1597,  fays, 
that  in  a perfonal  conference  with  two  Eaft-Indlans‘, 
they  affirmed,  tliat  inftead  of  our  compafs,  they  ufe  a 
magnetical  need’-e  of  6 inches,  and  longer,  upon  a pla 
in  a dilh  of  white  China  earth,  filled  with  W'ater  ; in 
the  bottom  of  which  they  have  two  crofs  lines  for  the  4 
principal  winds,  the  reft  of  the  divi'fions  being  left  to 
the  flclll  of  their  pilots.  Alfo  in  the  fame  book  he  fays 
that  the  Portiiguefe,  In  their  firft  difeovery  of  the  Eaft- 
Indies,  got  a pilot  of  Mahinde,  who  brought  them  from 
thence  in  33  days,  within  fight  of  Calicut. 

But  Faucliette  relates  fome  verfes  of  Guoyot  de  Pro- 
vence, wlio  lived  in  France  about  the  year  i 200,  which 
feem  to  make  mention  of  the  compafs  under  the  name 
of  manneiie,  or  maruieF s jlone ; which  ftiew  it  \vas  ufed  in 
France  near  100  years  before  either  the  Malfite  or  Vene- 
tian one.  The  French  even  lay  claim  to  the  invention, 
from  the  fleur  de  1)  s with  which  moft  people  diftin- 
guifti  the  north  point  of  the  card.  With  as  much  rca- 
fon  Dr.  Wallis  afcrlbes  it  to  the  Englilh,  from  its  name 
compafs,  by  which  name  moft  nations  call  it,  and  which 
lie  obferves  is  ufed  in  many  parts  of  England  to  iignify 
a circle. 

The  mariner’s  compafs  was  long  very  rude  and  im- 
perfedl,  but  at  length  received  great  improvement  fron\ 
the  invention  and  experiments  of  Dr.  Knight,  who 
difeovered  the  ufeful  pradlice  of  making  artificial  mag- 
nets ; and  the  farther  emendations  of  Mr.  Smeaton,  and 
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Mr.  M‘Cullocli,  by  wbich  t!jc  needles  are  larjjer  and 
ih-nnger  than  formerly,  and  intlead  of  fwinging;  in  gim- 
bals, the  corapafs  is  fupported  in  its  very  centre  upon  a 
prop,  and  the  centres  of  motion,  gravity,  and  raagnet- 
ifm  are  brought  almoll  all  to  the  lame  point. 

After  the  difeovery  of  that  moll  uleinl  property  of 
tlie  magnet,  or  loadlTone,  viz,  its  giving  a polarity  to 
hardened  iron  or  Heel,  the  coinpafs  was  many  years  in 
ufe  before  it  was  known  in  any  wife  to  deviate  from  the 
poles  of  the  world.  About  the  middle  of  the  i6th 
century,  fo  confident  were  feme  perfons  that  the  needle 
invariably  pointed  due  north,  that  they  treated  with 
contempt  the  notion  of  tire  variation,  which  about  that 
time  began  to  be  fufpecled.  However,  careful  obfer- 
vations  icon  difcovered  that  in  Englandj-  and  its  neigh- 
bourhood, the  needle  pointed  to  the  eallward  of  the 
true  north  line;  and  the  quantity  of  this  deviation 
being  known,  mariners  became  as  well  fatisfied  as  if  the 
compafs  had  none  ; becaufe  the  true  coiirfe  could  be 
obtained  by  making  allowance  for  the  true  variation. 

From  fucceeding  obfervations  it  was  afterwards  found, 
that  the  deviation  of  the  needle  from  the  north  was  not 
a conftant  quantity,  but  that  it  gradually  dimin hired, 
atid  at  laft,  namely,  about  the  year  1657,  it  was  found 
that  the  needle  pointed  due  north  at  London,  and  has 
ever  fince  been  going  to  the  wcllward,  till  now  the  va- 
riation is  upwards  of  two  points  of  the  corapafs:  indeed 
it  was  22°  4F  about  the  middle  of  the  year  1781,  as 
appears  by  the  Philof.  Tranf.  pa.  225,  for  that  year, 
and  is  piobably  now  foinewhat  more,  which  it  would 
be  of  confequence  to  know  ; but  why  fuch  ufeful  obfer- 
yations  and  experiments,  as  thole  of  the  variation  and 
dip  of  the  magnetic  needle,  have  been  fo  long  difeonti- 
Tiued,  to  the  prejudice  of  fcience,  is  bell  known  to  the 
learned  Prelident  of  that  Society,  and  his  Council.  So 
that  in  any  one  place  it  may  be  fufpedled  the  variation 
has  a kind  of  libratory  motion,  traverling  through  the 
north,  to  unknown  limits  eallward  and  weftward.  But 
the  fettling  of  this  point  mull  be  left  to  time  and  future 
experiments.  See  Variation^  alfo  Inclination^  and  Dtp, 
Alfo  for  a farther  defeription  of  different  compaffes  and 
their  ufes,  fee  that  ufeful  book,  Robertfon’s  Naviga- 
tion, vol.  2.  p.  231* 

The  Azimuth  Compass  differs  from  the  common  fea 
compafs  in  this  ; that  the  circumference  of  the  card  or 
box  is  divided  into  degrees  ; and  there  is  fitted  to  the 
box  an  index  with  two  fights,  which  are  upright  pieces 
of  brafs,  placed  diametrically  oppofite  to  each  other, 
having  a flit  down  the  middle  of  them,  through  which 
the  fun  or  ftar  is  to  be  viewed  at  the  time  of  obferva- 
tlon. 

The  Ufe  of  the  Azimuth  Compafs ^ is  to  take  the  bear- 
ing of  any  celeftial  objedl,  when  it  is  in,  or  above  the 
horizon,  that  from  the  magnetical  azimuth  or  ampli- 
tude, the  variation  of  the  needle  may  be  known.  See 
AAmuth^  and  Amplitude, 

The  figure  of  the  compafs  card,  with  the  names  of 
the  3a  points  or  winds,  are  as  In  fig.  5,  plate  vi;  where 
other  compaffes  are  alfo  exhibited. 

As  there  are  32  whole  points  quite  around  the  circle, 
which  contains  360  degrees,  therefore  each  point  of 
the  compafs  contains  the  3 2d  part  of  360,  that  is 
I t|  degrees,  or  1 1°  15';  confequently  the  half  point  is 
5®  hi'  quarter  point  2®  48' 
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The  points  of  the  compafs  are  otherwife  called 
B-humbs  ; and  the  numbers  of  degrees,  minutes  and  le- 
conds  made  by  every  quarter  point  with  the  meridian, 
are  exhibited  In  the  following  table. 
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Compass  Dials,  are  fmall  dials,  fitted  in  boxes,  for 
the  pocket,  to  fliew  the  hour  of  the  day  by  the  direc- 
tion of  the  needle  that  indicates  how  to  place  tliern 
right,  by  turning  the  dial  about  till  the  cock  or  ftyle 
Hand  diredllv  over  the  needle.  But  thefe  can  never  be 
very  exadl,  becaufe  of  the  variation  of  the  needle  itfelf 
unlefs  that  variation  be  allowed  for,  in  making  and 
placing  the  inflrument. 

COMPASSES,  or  Pair  of  Compasses,  a mathe- 
matical inflrument  for  deferibing  circles,  mealuring  and 
dividing  lines,  or  figures,  &c. 

The  common  compaffes  confiff  of  two  fharp.-pointed 
branches  or  legs  of  iron,  ffeel,  brafs,  or  other  metal,- 
joined  together  at  the  top  by  a rivet,  about  which  they 
move  as  on  a centre.  Thofe  compaffes  are  of  the  beft 
fort  in  which  the  pin  or  axle,  on  which  the  joint  turns, 
is  made  of  Heel,  and  alfo  half  the  joint  itfelf,  as  the  op 
pofite  metals  wear  more  equally  : the  points  fliould  alfa 
be  made  of  hard  ffeel,  well  pollfhed  ; and  the  joint 
fliould  open  and  fliut  with  a fmooth,  eafy,  and  uniform 
motion.  In  fome  compaffes,  the  points  are  both  fixed 
but  in  others,  one  is  made  to  take  out  occafionally,  and 
a drawing-pen,  or  pencil,  put  in  its  place. 

There  are  in  ufe  compaffes  of  various  kinds  and  con- 
trivances, adapted  to  the  various  purpofes  they  are  in- 
tended for  ; as, 

Compasses  of  three  Legs,  or  Triangular  Compaffes; 
the  conftrudlion  of  which  Is  like  that  of  the  common 
compaffes,  with  the  addition  of  a third  leg  or  point, 

which 
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r-^lncli  bas  a motion  every  way.  Their  ufe  is  to  take 
three  points  at  once,  and  fo  to  form  triangles,  and  lay 
<iown  three  pofitions  of  a map  to  be  copied  at  once. 

Beam  Compasses  confiit  of  a long  llraight  beam 
or  bar,  carrying  two  brafs  ciufors;  one  of  thefe  being 
fixed  at  one  end,  the  other  hiding  along  the  beam, 
with  a fcrew  to  fahen  it  on  occalionally.  To  the  cuvfors 
may  be  fcrewed  points  of  any  kind,  whether  Heel,  pen- 
cils, or  the  like.  To  the  fixed  ciirfor  is  lometiincs  ap- 
plied an  adjuiling  or  micrometer  fcrew,  by  which  an 
extent  is  obtained  to  very  great  nicety.  The  beam 
corapafles  are  iifed  to  draw  large  circles,  to  take  great 
extents,  or  the  like. 

Bc'VJ  Compasses,  or  Bows,  are  a final!  fort  of  com- 
pafies,  that  flint  up  in  a hoop,  which  ferves  for  a handle. 
.Their  ufe  is  to  dcfcribe  arcs  or  circumferences  with  a 
very  fmall  radius. 

Compasses.  See  Caliber. 

Clockmakers  Compasses  are  jointed  like  the  common 
compaffes,  with  a quadrant  or  bow,  like  the  fpring  com- 
pafTes  ; only  of  different  ufe,  fei  ving  here  to  keep  the 
inllrument  firm  at  any  opening.  They  are  made  very 
Hrong,  with  the  points  of  their  legs  of  well-tempered 
fteel,  as  being  ufed  to  draw  or  cut  lines  in  palleboard, 
or  copper,  6cc. 

Cylindrical  and  Spherical  Compasses,  confift  of  four 
branches,  joined  in  a centre,  two  of  them  being  circular 
and  two  fiat,  a little  bent  at  the  ends.  The  ufe  of 
them  is  to  take  the  diameter,  thicknefs,  or  caliber  of 
Tound  or  cylindrical  bodies ; as  cannons,  balls,  pipes, 
dec. 

There  are  alfo  fpbcrical  compaffes,  differing  in  no- 
thing from  the  common  ones,  but  that  their  legs  are 
arched  ; ferving  to  take  the  diameters  of  round  bodies. 

There  is  alfo  another  fort  of  eompafies  lately  invented, 
for  meafurlng  the  diameter  of  round  bodies,  as  balls,  &c, 
which  coiifili  of  two  flat  pieces  of  metal  fet  at  right 
angles  cn  a flraight  bar  or  beam  of  the  fame  ; the  one 
piece  being  fixed,  and  the  other  Aiding  along  it,  fo  far 
asjuA  to  receive  the  round  body  between  them  ; and 
then  its  diameter,  or  diltance  between  the  two  pieces, 
is  Aiewn  by  the  divl lions  marked  on  the  beam. 

Elliptical  Compasses,  are  ufed  to  draw  cllipfes  or 
ovals  of  any  kind.  The  inftrument  confilts  of  a beam 
AB  (Plate  vi.  fig.  6.)  about  a foot  long,  bearing  three 
curfors  j to  one  of  wiiich  may  be  fcrewed  points  of  any 
kind  ; and  to  the  bottom  of  the  other  two  are  rivetted 
two  Aiding  dove-tails,  adjufted  in  grooves  made  in  the 
orofs  branches  of  the  beam.  '’lAie  dove-tails  having  a 
motion  eveiy  way,  by,  turning  about  the  long  branch, 
they  go  backward  and  ferwaid  along  the  crofs ; lo  that 
when  the  beam  has  gone  half  way  round,  one  of  thefe 
will  have  moved  the  whole  length  of  one  of  the 
branches  ; and  when  the  beam  has  gone  quite  round, 
the  fame  dove-tail  has  gone  back  the  whole  length  of 
the  branch.  Uiiderfland  the  fame  of  the  other  dove- 
tail. 

Note,  the  diAance  between  the  two  Aiding  dove- 
tails, is  the  diftance  between  the  two  foci  of  the  elllpfe; 
fo  that  by  changing  tliat  dIAance,  the  cllipfe  will  be 
rounder  or  Aatter.  Under  the  ends  of  the  branches  of 
the  crefs,  are  placed  four  Aeel  points  to  keep  it  faA. 
The  ufe  of  this  compafs  is  eafy  ; by  turning  round 


the  long  branch,  the  pen,  pencil,  or  other  points  will 
draw  the  cllipfe  required. 

Its  figure  ihevvs  both  its  ufe  and  conAruflion. 

German  Compasses  have  their  legs  a little  bent  ouN 
wards,  near  the  top  ; fo  that  when  Amt,  the  points  only 
meet. 

//<'//'/' Compasses  are  fo  contrived  within  fide  by  a 
fmall  adjuiling  fcrew  to  one  of  the  legs,  as  to  take  an 
extent  to  a hair’s  breadth,  or  great  exadlnefs. 

F roporticnal  ASiiY.s  are  thofe  whofe  joint  lies, 

not  at  the  end  of  the  legs,  but  between  the  points  ter- 
minating each  leg.  Thefe  are  eitlier  fiinplc,  or  com- 
pound. In  the  former  fort  the  centre,  or  place  of  the 
joint  is  Axed  ; fo  that  one  pair  of  thefe  ferves  only  lor 
one  proportion. 

Compound  Proportional  Compasses  have  the  joint  or 
centre  m.ovcable.  1'hey  conAA  of  two  parts  or  Tides  of 
brals,  which  lie  upon  each  other  fo  nicely  as  to  feem 
but  one  when  they  are  Aiut.  Thefe  Tides  cafAy  open^ 
and  move  about  the  centre,  which  is  itfelf  moveable  in 
a hollow  canal  cut  through  the  greatcA  part  of  their 
length.  To  this  centre  on  each  fide  is  fixed  a Aiding 
piece,  of  a fmall  leqgth,  with  a fine  line  drawn  on  it 
ferving  as  an  index,  to  be  fet  againA  other  lines  or  di- 
vifions  placed  upon  the  compaffes  on  both  Tides.  Thefe 
lines  are,  i,  A line  of  lines;  2,  a line  of  fiiperficics> 
areas,  or  planes,  the  numbers  on  which  anfwer  to  the 
fqiiares  of  thofe  on  the  line  of  lines  ; 3,  a line  of  folids, 
the  numbers  on  which  anfwer  to  the  cubes  of  thofe  on 
the  line  of  lines  ; 4,  a line  of  circles,  or  rather  of  poly- 
gons to  be  inferibed  in  circles.  Thefe  lines  are  all  unequal- 
ly divided,  the  lirA  three  from  i to  20,  and  the  kill  from 
6 to  20.  Tlic  ufe  of  the  firll  is  to  divide  a line  into  any 
nuir.ber  of  equal  parts  ; by  the  2d  and  3d  are  found  the 
Tides  of  like  planes  or  folids  in  any  given  proportion  ; 
and  by  the  4th,  circles  are  divided  into  any  number  of 
equal  parts,  or  any  polygons  inferibed  in  them.  Sec 
Plate  vi.  fig.  7. 

Spring  Compasses,  or  Dividers^  are  made  of  harden*’ 
ed  Aeel,  with  an  arched  head,  which  by  its  fpring  opens 
the  legs  ; the  opening  being  diredled  by  a circular  fcrew 
fallencd  to  one  of  the  legs,  let  through  the  other,  and 
worked  with  a nut. 

EnfeSiing  Compasses,  for  the  trifedling  of  angles 
geometrically,  for  which  purpofe  they  were  invented 
by  M.  Tarragon. 

The  InArument  confiAs  of  two  central  rules,  and  an 
arch  of  a circle  of  120  degrees,  immoveable,  with  its 
radius  : the  radius  is  fallcned  with  one  of  the  centra! 
rules,  like  the  two  legs  of  a feflor,  that  the  central  rule 
may’  be  carried  through  all  the  points  of  the  circum- 
ference of  the  arch.  The  radius  and  rule  Aiould  be  as 
thin  as  poffible  ; and  the  rule  faAened  to  the  radius 
Aiould  be  hammered  cold,  to  be  more  claAic  ; and  the 
breadth  of  the  other  central  rule  muA  be  triple  the 
breadth  of  the  radius:  In  this  rule  alio  is  a groove,  with 
a dove-tail  faAened  on  it,  for  its  motion  ; there  muA 
alfo  be  a hole  in  the  centre  of  each  rule. 

Turn-vp  Compasses,  a late  contrivance  to  fave  the 
trouble  of  changing  the  points  : the  body  is  like  the 
common  compaffes ; and  towards  the  bottom  of  the  legs 
without  fide,  are  added  two  other  points,  befides  the 
ufual  ones ; the  one  carrying  a drawing  pen  point,  and 
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^he  otKer  a port-crayon ; both  being"  adjiifled  to  torn 
tip,  to  be  ufeci  or  not,  as  occafion  may  require, 

COMPLEMENT  in  general,  is  what  is  wanting, 
or  neceffary,  to  complete  fome  certain  quantity  or  thing. 
As,  the 

Complement  of  anarch  or  angje^  as  of  90°  or  a 
quadrant,  is  what  any  given  arch  or  angle  wants  of  it ; 
fo  the  complement  of  50°  is  40°,  and  the  complement  of 
100  degrees  is  — 10®,  a negative  quantity. — The  com- 
plement to  180°  is  ufually  called  the  fupplement,  to  dif- 
tinguifh  it  from  the  complement  to  go°,  properly  fo 
called. — The  fine  of  the  complement  of  an  arc,  is  con- 
tradled  into  the  word  cofine  : the  tangent  of  the  com- 
plement, into  cotangent ; &c. 

^Arithmetical  Complement,  is  what  a number  or  lo- 
garithm wants  of  unity  or  i with  fome  number  of 
ciphers.  It  is  heft  found,  by  beginning  at  the  left-hand 
fide,  and  fubtradiing  every  figure  from  g,  except  the  lad, 
or  right-hand  figure,  which  mud  be  fubtradled  from  10, 
So,  the  arithmetical  comp,  of  the  log.  9*5329714, 
by  fubtradting  from  g’s,  &c,  is  0*4670286, 

The  arithmetical  complements  are  much  ufed  in  ope- 
rations by  logarithms,  to  change  fubtradlions  into  ad- 
ditions, which  are  more  conveniently  performed,  efpe- 
daily  when  there  are  more  than  one  of  them  in  the 
operation. 

Complement,  in  Adronoray,  is  ufed  for  the  dif- 
tance  of  a dar  from  the  zenith  ; or  the  arc  contained 
between  the  zenith  and  the  place  of  a dar  which  is  above 
the  horizon.  It  is  the  fame  as  the  complement  of  the 
altitude,  or  co-altitude,  or  the  zenith  didance. 

Complement  of  the  Courfe^  in  Navigation,  is  the 
quantity  which  the  courfe  wants  of  90®,  or  8 points, 
viz,  a quarter  of  the  compafs. 

Complement  of  the  Curtain^  in  Fortification,  is 
that  part  of  the  anterior  fide  of  the  curtain,  which 
makes  the  demigorge. 

Complement  of  the  Line  of  Defence^  is  the  remainder 
of  that  line,  after  the  angle  of  the  flank  is  taken  away. 

Complements  of  a Parallelogram^  ox  in  a Parallelo^ 
gram^  are  the  two  leiTer  parallelograms,  made  by  draw- 
ing two  right  lines  parallel  to 
each  fide  of  the  given  parallelo- 
gram, through  the  fame  point  in 
the  diagonal.  So  P and  Q^are 
the  complements  in  the  paralle- 
logram A BCD. 

In  every  cafe,  thefe  comple- 
^ ments  are  always  equal,  viz,  the 
parallelogram  P = 

Complement  of  Lif\  a term  much  ufed,  in  the 
dodrine  of  Life  Annuities,  by  De  Moivre,  and,  ac- 
cording to  him,  it  denotes  the  number  of  years  which 
a given  life  wants  of  86,  this  being  the  age  which  he 
confidered  as  the  utmod  probable  extent  of  life.  So 
56  is  the  complement  of  30,  and  30  is  the  complement 
of  56. 

That  author  fuppofed  an  equal  annual  decrement  of 
life  through  all  its  dages,  till  the  age  of  86.  Thus,  if 
there  be  56  perfons  living  at  3c  years  of  age,  it  is  fup- 
pofed that  one  will  die  every  year,  till  they  be  all  dead 
in  56  years.  This  hypothefis  in  many  cafes  is  very 
liear  the  truth  j and  it  agrees  fo  nearly  with  Halley’s 
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table,  formed  from  his  obfervations  of  the  mortuary 
bills  of  Breflaw,  that  the  value  of  lives  deduced  either 
from  the  hypothefis,  or  the  table,  need  not  be  dldin- 
guifhed  ; hence  it  very  much  eafes  the  labour  of  calcu- 
lating them.  See  Annuities,  alfo  De  Moivre’s 
Treatife  on  Annuities,  pa.  83,  and  Price  on  P..eYer- 
fionary  Payments,  pa.  2. 

COMPOSITE  Number^  is  one  that  is  comnounded' 
of,  or  made  up  by  the  multiplication  of  two  other  num- 
bers, greater  than  i,  or  which  can  be  meafured  by  fome 
other  number  greater  than  I.  As  12,  which  is  com- 
pofed,  or  compounded  of  2 and  6,  or  3 and  4,  viz  by 
multiplying  together  2 and  6,  or  3 and  4,  both  pro- 
duds  making  the  fame  number  12  ; which  therefore  is 
a compoflte  number. 

Compofites  are  oppofed  to  prime  numbers,  or  primes, 
which  cannot  be  exadiy  meafured  by  any  other  num- 
ber, and  cannot  be  produced  by  multiplying  together 
two  other  fadors, 

Compoflte  Numbers  hetnveen  themfel^eSf  are  the  fame 
with  commenfurahle  numbers,  or  fuch  as  have  a com- 
mon meafurc  or  fad;or  j as  15  and  12,  which  have  the 
common  term  3. 

The  dodrine  of  Prime  and  Compoflte  numbers  is 
pretty  fully  treated  in  the  7th  and  8th  books  of  Euclid V 
Elements. 

Composite  Orcler^  in  Architedure,  is  the  lafl  of  the 
five  orders  of  columns  ; and  is  fo  called  becaufe  its  ca-- 
pital  is  compofed  out  of  thofe  of  the  other  orders,.  - 
Thus,  it  borrow^s  a quarter-round  from  the  Tufean  and 
Doric  ; a double  row  of  leaves  from  the  Corinthian 
and  volutes  from  the  Ionic.  Its  cornice  has  Angle  mo- 
dlllions,  or  dentils;  and  its  column  is  10  diameters  irk. 
height. 

This  order  is  alfo  called  the  Roman  order,  and  Italic 
order,  as  having  been  invented  by  the  Romans,  like  as 
the  other  orders  are  denominated  from  the  people  among^ 
whom  they  had  their  rife. 

COMPOSITION,  is  a fpecies  of  reafoning  by  whicfi 
we  proceed  from  things  that  are  known  and  given,  fiep 
by  ftep,  till  we  arrive  at  fuch  as  were  before  unknown 
or  required  ; viz,  proceeding  upon  principles  felf-evi- 
dent,  on  definitions,  poftulates,  and  axioms,  with  a pre- 
vioufly  demonilrated  ferics  of  propofitions,  flep  by  ftep, 
till  it  gives  a clear  knowledge  of  the  thing  to  be  known 
or  demonftrated.  Compofitlon,  otherwife  called  the 
fynthetical  method,  is  oppofed  to  Refolution,  or  the  ana- 
lytical method,  and  is  chiefly  ufed  by  the  ancients,, 
Euclid,  Apollonius,  &c.  See  Pappus ; alfo  the  term 
Analyfis. 

Composition  of  forces^  or  of  motimi^  is  the  union  or 
aflemblage  of  feveral  forces  or  motions  that  are  oblique 
to  one  another,  into  an  equivalent  one  in  another  direc* 
tioii. 

1.  When  feveral  forces  or  motions  are  united^ 
that  a61:  in  the  fame  line  of  diredllon,  the  combined 
force  or  motion  will  be  in  the  fame  line  of  diredlion 
ftill.  But  when  oblique  forces  are  united,  the  com- 
pounded force  takes  a new  direction,  different  from 
both,  and  is  either  a right  line  or  a curve,  according  to 
the  nature  of  the  forces  compounded. 

2.  If  two  compounding  motions  be  both  equable 
onesj  wLether  equal  to  each  other  or  not^  the  line  of  the 
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fompound  motion  will  be  a llraigbt  line.  Thus,  if  the 
cne  equable  in  the  direCl:ion  AB  be 
fufficient  to  carry  a body  over  the 
fpace  AB  in  any  time,  and  the  other 
motion  fufficient  to  pafs  over  AC  in  c 
the  fame  time ; then  by  the  com- 
pound motion,  or  both  a£llng  on  the 
body  together,  it  w'ould  in  the  fame  ^ 
time  pafs  over  the  diagonal  AD  of 
the  parallelogram  ABDC.  For  be- 
caufe  the  motions  are  uniform,  any 
fpaces  A/’,  Ar  paffed  over  in  the  fame  time,  are  propor- 
tional to  the  velocities,  or  to  AB  and  AC ; and  confe- 
quently  all  the  points  A,  D,  of  the  path  are  in  the 
fame  right  line. 

3.  And  though  the  compounding  motions  be  not 
equable,  but  variable,  either  acqeleiated  or  retarded, 
provided  they  do  but  vary  in  a fimilar  manner,  the  com- 
pounded motion  will  dill  be  In  a ttraight  line.  Thus, 
fuppofe,  for  inllance,  that  the  motions  both  vary  in 
fuch  a manner,  as  that  the  fpaces  paffed  over  in  the 
fame  time,  whether  they  be  equal  to  each  other  or  not,, 
are  both  as  the  fame  power  n of  the  time  ; then  AB^  : 
AC"  : : Ah"  : Ac",  and  hence  AB  : AC  : : A<5  : Ar, 
and  therefore,  as  before,  KddV)  is  dill  a right  line. 

4,  But  if  the  compounding  motions  be  not  fimilar  to 

each  other,  as  when  the  one  is  equable  and  the  other 
variable,  or  wheir  they  are  varied  in  a didimllar  man- 
ner ; then  the  compounded  motion  is  in  fome  curve 
line.  So  if  the  motion  in  the  one  diredflon  EF  be  in  a 
lefs  proportion,  with  refpect  to  the  time,  than  that  in  the 
direction  EG  is,  then  the  path  will 
be  a curve  line  EiH  concave  to 
wards  EF  ; but  if  the  motion  in 
EF  be  In  a greater  proportion  than 
that  in  EG,  then  the  path  of  the 
compound  motion  will  be  a curve 
EiiH  convex  towards  EF  ; that  is, 
in  general,  the  curvlllneal  path  Is 
convex  towards  that  direction  in 
v/hich  the  motion  is  in  the  lefs  pro- 
portion to  the  time.  Hence,  for  a 
particular  indance,  if  the  motion  in 
the  direflion  EF  be  a motion  of  projeidlon,  which  is 
an  equable  motion,  and  the  motion  in  the  direftion  EG 
that  arifmg  from  gravity,  which  is  a uniformly  accele- 
rated motion,  or  in  proportion  to  the  fquares  of  the 
times  ; then  is  EG  as  GH“,  and  as  that  is 
EG  : E^  : : GET  : which  is  the  property  of  the 

parabola ; and  therefore  the  path  E/6H  of  any  body  pro- 
jefted,  is  the  common  parabola. 

y.  If  there  be  three  forces  united,  or  ailing  againd 
the  fame  point  A at  the  fame  lime,  viz,  the  force  or 
weight  B in  the  dire£lion  AB,  and  the  forces  or  ten- 
dons In  the  direftions  AC,  AD  ; and  if  thefe  three 
forces  mutually  balance  each  other,  fo  as  to  keep  the 
common  point  A in  equilibrio  ; then  arc  thefe  forces 
direftly  proportional  to  the  refpedllve  fides  of  a triangle 
formed  by  drav/Ing  lines  parallel  to  the  direftions  of 
thefe  forces  ; or  indeed  perpendicular  to  thofe  direc- 
tions, or  making  any  one  and  the  fame  angle  with  them. 
So  that,  if  BE  be  drawn  parallel,  for  indance,  to  AD, 
And  meet  CA  produced  In  E,  forming  the  triangle 


ABE ; then  are  the  three  forces  in  the  direAions  AB, 
AC,  AD,  refpeftively  proportional  to  the  fides  AB, 
AE,  BE. 


And  this  theorem,  with  its  corollaries,  Dr.  Kell  ob-* 
ferves,  is  the  foundation  of  all  the  new  mechanics  ofi' 
M.  Varignon  : by  help  of  which  may  the  force  of  the 
inufcles  be  computed,  and  mod  of  the  mechanic  theo- 
rems in  Borelli,  De  Motu  Animalium,  may  immedi-- 
ately  be  deduced. 

See  more  of  the  Compofition  of  Forces  under  the  ar- 
ticle Collision. 

Composition  of  Numbers  and  Quantities,  See  Com- 
bination. 

Composition  of  Vroportion^  according  to  the  15th 
definition  of  the  5 th  book  of  Euclid’s  Elements,  i* 
when,  of  four  proportionals,  the  fum  of  the  id  and  2d 
is  to  the  2d,  as  the  fum  of  the  3d  and  4th  is  to  the  4th  5- 


as  if  it  be  a 
then  by  compofition  a-\rh 
Or,  in  numbers,  if  2 
then  by  compofition  6 


b 

b 

4 

4 


c 

c d 

9 

27 


d, 

d. 

18, 

18. 


CoMPOsn  iON  of  Ratios y Is  the  adding  of  ratios  to- 
gether ; which  is  performed  by  multiplying  together 
their  correfpondlng  terms,  viz,  the  antecedents  together, 
and  the  confequents  together,  for  the  antecedent  and 
confequent  of  the  compounded  ratio  ; like  as  the  addi- 
tion of  logarithms  is  the  fame  thing  as  the  multiplica- 
tion of  their  correfponding  numbers.  Or,  If  the  terms 
of  the  ratios  be  placed  fraedion-wife,  then  tlie  addition 
or  compofition  of  the  ratios.  Is  performed  by  multiply- 
ing the  fradlions  together. 

Thus,  the  ratio  of  <2  ; or  of  2 : 4, 

added  to  the  ratio  of  r : or  of  6 ; 8, 

makes  the  ratio  of  ac  : bdy  or  of  12  : 32  ; and  fa 

the  ratio  of  ac  to  bd  Is  faid  to  be  compounded  of  the 
ratios  of  a to  by  and  c to  d.  So  llkewlfe.  If  it  were  re- 
quired to  compound  togetlier  the  three  ratios,  viz,  oi  a 

to  hy  c to  6,  raid  to  / ; then  - X - X - — — are  the 

b d j bdj 

terms  of  the  compound  ratio  ; or  the  ratio  of  ace  to  bdf 
is  compounded,  or  made  up  of  the  ratios  of  ^ to  c to 
dy  and  e \.o  f. 

Hence,  if  the  confequent  of  each  ratio  be  the  fame  as 
the  antecedent  of  the  preceding  ratio,  tiien  is  the  ratio 
of  the  firfh  term  to  the  lail,  compounded,  or  made  up  ot 
all  the  other  ratios,  viz,  the  ratio  of  a to  e,  equal. to  the 
fum  of  all  the  ratios  of  a to  by  of  b to  <r,  of  c to  d,  and 

d a 

X — • the  terms  or  expo- 

nents  of  the  compounded  ratio. 

Hence 


r 7 . a h c 

or  <7  to  <?  ; for  — x — • X -7 
bed 


C O M 


nf 
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Hence  alio,  In  a ferics  of  continual  proportionals, 
vf.lic  latio  of  the  firft  term  to  the  third  is  double  of  the 
ratio  ot  the  full;  to  the  fct'ond, 
and  the  ratio  of  the  ill  to  the  4lh  is  triple  of  it, 
and  the  ratio  of  the  ill  to  the  5th  is  quadruple  of  it,, 
a’ld  io  on  ; that  is,  the  exponents  are  double,  triple, 
quadruple,  fee,  of  tlie  firft  exponent  ; as  in  the  feries 
T,  ^7,  ftc  ; where  the  rath)  1 to  is  double, 

of  I to  triple,  See,  of  the  latio  of  i to  a ; or  the  ex- 
ponent of  a^,  <7%  Sec,  double,  trijjle,  quadruple,  Sec, 
of  a. 

COAiPOelbyO  Interest,  called  alfo  Inlcrejl,  upon 
Jute.1  ejl,  IS  that  which  is  reckoned  not  only  upon  the 
piincipal,  but  upon  the  intereli  itfelf  foiborn,  which  thus 
becomes  a fort  of  fecondary  principal. 

If  r be  the  amount  of  i -pound  for  1 year,  that  is 
the  film  Oi  the  priiicipal  and  intcrcft  together  for  one 
year;  then  13  t-  tlie  amount  for  2 years, 

^’^nd  ^ r3  the  amount  for  3 years, 

and  in  general  the  amount  for  t years;  that  is  is 
t lie  film  or  total  amount  of  all  the  principals  and  in- 
tcrclls  together  of  1 1.  for  the  whole  time  or  number  of 
} eais  t ; ^confequcntly,  if  p be  any  other  principal  fiim, 
foiborn  for  / years,  then  its  amount  in  that  time  at  com- 
pound intereft,  is  rz  ™ pr^. 

The  Rule  therefore  in  words  is  this,  to  one  pound 
add  Its  intereft  for  one  year,  or  half  year,  or  for  the  firft: 
time  at  which  the  intereft  is  reckoned ; raife  the  fum  r 
to  the  power  denoted  by  the  time  or  number  of  terms ; 
rhen  this  power  multiplied  by  the  principal,  or  firft: 
iuin  lent,  will  produce  the  whole  aimount. 

I'or  example,  To  find  how  much  50I.  will  amount 
to  in  3 years  at  3^  per  cent,  per  annum,  compound 
intereft. Here  the  intereft  of  i 1.  for  i year  13 


05,  and  therefore  r 


1*03 


of  it  for  5 years,  is  rS  ~ 1-27628  &c 
■multiply  this  by_p  or  - 


; hence  the  5th  power 


50 


gives  the  amount or  63-8[4], 

or  63  b 1 6 s.  3dd*  for  the  amount  fought. 

Tut  Compound  Intereft  is  beft  computed  by  means 
of  fiich  a table  as  the  following,  being  the  amounts  of 
i pound  for  any  number  of  years,  and  at  feveral  imtes 
of  compound  intereft. 

As  ail  example  of  the  ufe  of  this  table,  fuppofe  it 
weie  lequiied  to  find  the  amount  of  230I.  for  33  years 
at  4 per  cent,  compound  intereft. 

In  tne  column  of  4 p®r  cent,  and  line  of  33"  vears, 

which  multiplied  by  the  principal  - ^ ^^30* 


gives 

or 


- 986-32250 

7 . , . r " *■  - 9S6/  I ox  5‘r/, 

which  IS  the  amount  fought. 

Note,  By  a bare  infpedion  of  this  table,  it  appears 
how  many  years  are  required  for  any  fum  of  money  to 
double  itfelf,  at  any  rate  of  compound  intereft  ; viz, 
by  looking  in  the  columns  when  the  amount  becomes 
the  number  2.  So  it  is  found  that  at  the  fevei'al  rates 
the  iefpe6five  times  requifite  for  doubling  any  fum, 
are  nearly  thus  : viz,  o j 

3 3-1  4 4^  ^ 6 

Years  23I  20^  17^  151  14^  12 
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TABLE  of  the  Amount  of  il.  at  Compound  Intereft  for  many 
Years  and  feveral  Rates  of  Intereft. 


at  3 per 
j cent 

at  3|  pel 
cent 

at  4 per 
j Cunt 

at  4L  pe 

cent 

ri  at  5 per 
cent 

at  6 per 

cent 

1 

I ’OjODC 

i'035cc 

j r - 040GC 

I -0450^ 

' 1-05000 

1*06000 

2 

I -06090 

I '07 123 

j I *08162 

I ■ 0920 

X • 1025c 

I ' 12360 

3 

11-09273 

I ' 10872 

1 1 - 1248C 

r-1411; 

1*17765 

1*19102 

I'lzssi 

.1-14752 

I * i6q86 

I - 1925: 

1-21551 

I * 26248 

i - 15927 

I '18769 

|l '21665 

X • 246x5 

T • 33823 

6 

I -19405 

I -22926 

r * 26532 

I - 3022( 

I * 340 1 c 

1 -41852 

7 

I - 22987 

I -27228 

I *31593 

I * 36o8(' 

X -4071C 

I • 70363 

8 

I -26677 

I '31681 

1-36857 

X '422TC 

1-47746 

1*59387 

0 

> 

r -30477 

1*36290 

1-42331 

1 1 -.4861.' 

■ 1*55^33 

X '68948 

IC 

1*34392 

r -41060 

1 1 *48024 

|r -55297 

I • 62890 

I • 79087 

1 1 

1-38423 

1-45997 

p*53945 

1-62285 

x’71034 

1-89830 

12 

I -42576 

I '51107 

I '60103 

1*69583 

I -79786 

2 ‘0X220 

13 

I -46853 

1*56396 

I * 66507 

I -77220 

1-885^: 

2*13293 

1-51259 

1-61869 

I ’ 73168 

1-85x9^ 

1*97993 

2 • 26090 

15 

r-5s797 

1-67535 

I '80094 

1*93528 

2-07893 

2-39656 

16 

I • 60471 

1*73399 

I • 87298 

2-02237 

2 - 18287 

2-54037 

17 

1-65285 

1-79468 

1-94790 

2-1x338 

2*29202 

2 - 69277: 

18 

1-70243 

1*85749 

2 -0258212  -20848 

2 *40662 

2-85434 

r9 

1-75351 

1-92250 

2 • 10685  2 * 30786 

2-52695 

3-02760 

20 

r -8061 1 

1-98979 

2-19112 

,2-41x71 

2-65330 

3-207x4 

2 1 

I '86029 

2 '05943 

2-27877 

2 '52024 

2-78796 

3*39956 

22 

I -91610 

2*13151 

2-36992 

2-63365 

2-92526 

3*60354 

■^3 

1*97359 

2'2o6ii 

2 '46472 

2-75217 

3*07152 

3*8x977 

.24 

2-03279 

2-28333 

2-56330:2  * 87601 

3-227x0 

4-04893^ 

2 c 

2-09378 

2-36324 

2 • 6658413  'OO543 

2*38637 

4-29187 

26 

2-15659 

2-44596 

2-77247 

3-14068 

3*55567 

4*54938 

27 

2-22129 

2-53157 

2-88337 

3 • 2820X< 

3*73346 

4*822  3 7 

28 

2 - 28793 

2 • 620x7 

2 -99870 

3-42970 

3-920x3 

5 - X X 169 

29 

^*35657 

2-71188 

3 • 11865 

3-58404 

4'  X 1614 

5*41839 

11 

2-42726 

2 ‘ 80679 

3-24340 

3*74532 

4-32194 

5*74349- 

31 

2-50008 

2-90503 

3*37313 

3-9x386 

4*  53804 

6 -088x0 

32 

3*57508 

3-00671 

3 - 50806 

4*08998 

4-76494 

6-45339 

33 

2-65234 

3-III94 

3-64838 

4-27403 

5-003x9 

6 • 84070/ 

34 

2-73191 

3-22086 

3*79432 

4-46636 

5*^5335 

7-25x03 

35 

2-81386 

3*33359 

3 - 94609 

4-66735 

5 - 51 60.2 

7 *68609 

36 

i' 89828 

3-45027 

4*^0393 

4*87738 

7-79x82 

8 * 1472  7 

37 

2 • 98  523 

3*57103 

4-268091 

5*09686 

6 -08x41 

8 • 63609 

3S 

3-07478 

3-69601 

4*43881 

5-32622 

6 • 38  748 

9*15425 

39 

5-16703 

3*82537 

4-61637 

5-56590 

6 • 7047  2 

9 ■ 70351 

12 

5 ' 26204 

3-95926 

4-80T02 

5-816361 

7-03999 

IO*  28572 

41 

3*3599° 

4-09783 

4-99306 

6 -07810 

7-39199 

ro' 90286 

42 

3-46070 

4*24126 

5 -19278 

5 - 35 162 

7-76x79 

IX • 55703 

43 

5-5645^ 

4-38970 

5-40050 

5-63744 

8 • 14967 

12 -25045 

44 

3-67145 

4*54334 

5*61652 

5 - 936  X2 

8-55717 

12-98548 

45 

3 * 78  r 60  i 

4-70236 

5*841 j8 

-•24825 

8 • 98  70X 

r3*7646i 

46 

5-89504 

4-86694 

5 '07482 

7-57442 

9-43426 

14-59049 

47 

f 'OI 190 

5-03728 

5-31782- 

7-9x527 

9-90597 

I 5 -46592 

48 

5.-13225 

S*2'359 

5-57053 

3*27x46 

ro-4oi27 

16-39387 

49 

[-'25622 

5-39606 

5*8333518-64367 

[0-92x33 

[7*37750 

I50  - 

1*3839^ 

5*58493 

7 - io668l( 

)-o3264 

I -46740 

18-420x5 

COMPOUND  Motion,  that  motion  which  is  the 
effed  of  feveral  confpiring  powers  or  forces,  viz,  fucli 
forces  as  are^not  diredly  oppofite  to  each  oth«r  : as 
when  the  ladius  of  a circle  is  confidered  as  revolving 
about  a centie,  and  at  the  fame  time  a point  as  mov- 
ing ftraight  along  it  ; which  produces  a kind  of  a 
fpiial^for  the  path  of  the  point.  And  hence  it  is  eafily 
perceived,  that  all  curvilinear  motion  is  compound,  or 
thc  effecl  of  two  or  more  foi-ces  ; although  every  com- 
pound motion  is  not  curvilinear. 

It  is  a popular  theorem  in  Mechanics,  that  in  uni- 
form compound  motions,  the  velocity  produced  by  the 
confpiring  powers  or  forces,  is  to  thk  of  either  of  the 
two  compounding  powers  feparately,  as  the  diagonal 

of 
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of  a parallelogram,  according  to  the  direflicn  of  vvhofe 
fides  they  adt  feparately,  is  to  either  of  the  fides.  See 
Composition  of  Motion^  and  Collision. 

Compound  Numbers^  tliofe  compofed  of  the  mul- 
tiplication of  two  or  more  numbers;  as  I2,  compoied 
of  3 times  4.  See  Composite. 

Compound  Pendii'um^  that  which  confifts  of  feveral 
weights  cdnCiantly  keeping  the  fame  diilance,  both 
from  each  other,  and  from  the  centre  about  which  they 
olcillate. 

Compound  ffanUhes^  are  fuch  as  are  connedfed 
together  by  the  figns  -f  or  — . Thus,  a + b^  ox  a — c -\r 
or  aa  — 2a,  are  compound  quantities. 

Compound  quantities  arc  dillinguiflied  into  binomials, 
trinomials,  quadrinomials.  See,  according  to  the  num- 
ber of  terms  in  them  ; viz,  the  binomial  having  two 
terms;  the  trinomial,  three  ; the  quadrinomial,  4;  See, 
Alfo,  thofe  that  have  more  than  two  terms,  are  called 
by  the  general  name  of  multinomials,  as  alfo  polyno- 
mials. 

Compound  Ratio,  is  that  which  is  made  by  adding 
two  or  more  ratios  together  ; viz,  by  multiplying  all 
their  antecedents  together  for  the  antecedent,  and  all 
the  confequents  together  for  the  confequersi:  of  the 
compound  ratio.  So  6 to  72  is  a ratio  compounded  oi 

the  ratios  of  2 to  6,  and  3 to  12  ; becaufe  — = - X — : 

72  6 12 

alfo  ah  to  cd  is  a ratio  compounded  ot  the  ratio  of 

a to  c,  and  h to  d •,  for  rr:  - x — . See  Composi- 

id  c a 

TiON  of  Ratios. 

COMPRESSION,  the  acl  of  preffing,  or  fqueezing 
fomething,  fo  as  to  bring  its  parts  nearer  together,  ‘and 
make  it  occupy  lefs  fpace. 

ComprcHion  differs  from  condenfation  as  the  caufe 
from  the  effedf,  comprelfion  being  the  adlion  of  any 
force  on, a body,  without  regarding  its  effecis;  whereas 
condenfation  denotes  the  (late  of  a body  that  is  actu- 
ally reduced  into  a lefs  bulk,  and  is  an  effedt  of  com- 
preffion,  though  it  may  be  effected  alfo  by  other  means. 
Nevcrthelefs,  comprefiion  and  condenfation  are  often 
confounded. 

Pumps,  which  the  ancients  imagined  to  a6f  by  fric- 
tion, do  in  reality  atf  by  comprelfion  ; the  piflon,  in 
working  In  the  narrow  pipe,  compreffes  the  inclofed 
air,  fo  as  to  enable  it,  by  the  force  of  Its  increafed  elaf- 
ticity,  to  ralle  the  valve,  and  make  its  efcape  ; upon 
which,  the  balance  being  deflroyed,  the  preffure  of  the 
atmofphere  on  the  flagnaut  furface,  forces  up  the  water 
in  the  pipe,  thus  evacuated  of  its  air. 

It  was  long  thought  that  water  was  not  comprefiible 
into  lefs  bulk  : and  it  was  believed,  till  lately,  that  after 
the  air  had  been  purged  out  of  it,  no  art  or  violence  was 
able  to  prefs  It  into  lefs  fpace.  In  an  experiment  made 
by  the  Academy  del  Cimento,  water,  when  violently 
fqueezed,  made  Its  way  through  the  fine  pores  of  a 
globe  of  gold,  rather  than  yield  to  the  comprefiion. 

But  the  ingenious  Mr.  Canton,  attentively  confi- 
(lerlng  this  experiment,  found  that  it  was  not  fuf- 
ficlently  accurate  to  juflify  the  conclufion  which  had; 
always  been  drawn  from  It  ; fince  the  Florentine  phi- 
Ipfophers  had  no  method  of  determining  that  the  al- 
teration of  figure  in  their  globe  of  gold,  occafioned 
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fuch  a diminution  of  its  internal  capacity,  as  was  ex- 
adtly  equal  to  the  quantity  of  water  forced  into  its 
pores.  To  bring  this  matter  therefore  to  a more  ac- 
curate and  decifive  trial,  he  procured  a fmall  glafs  tube 
of  about  two  feet  long,  with  a ball  at  one  end,  of  an 
inch  and  a quarter  in  diameter.  Having  filled  the  ball 
and  part  of  the  tube  with  mercury,  and  brought  it  ex- 
adlly  to  the  heat  of  50°  of  Fahrenheit’s  thermometer, 
he  marked  the  place  where  rhe  mercury  flood  in  the- 
tube,  which  was  about  fix  inches  and  a half  above  the 
ball  ; he  then  ralfed  the  mercury  by  heat  to  the  top  of 
the  tube,  and  there  fealed  the  tube  hermetically  ; then 
upon  reducing  the  mercury  to  the  fame  degree  of  heat - 
as  before,  it  flood  In  the  tube  of  an  inch  higher 
than  the  mark.  The  fame  experiment  was  repeated 
with  water  exhaufled  of  air,  inilead  of  mercury,  and  the 
water  flood  In  the  tube  of  an  Inch  above  the  mark. 
Since  the  weight  of  the  atmofpliere  on  the  outlide  of 
the  ball,  without  any  counterbalance  from  within,  will 
comprefs  the  ball,  and  equally  raife  both  the  mercury ' 
and  water,  it  appears  that  the  water  expands  yVo 
inch  more  than  -the  mercury  by'  removing  the  weight 
of  the  atmofphere.  Having  thus  determined  that  water 
Is  really  comprefTible,  he  proceeded  to  efllmate  the  de- 
gree of  comprefiion  correfponding  to  any  given  weight  . 
For  this  purpole  he  prepared  another  ball,  with  a 
tube  joined  to  it  ; and  finding  that  the  mercury  In 
of  an  inch  of  the  tube  was  the  hundred  thoufandth 
part  of  that  contained  in  the  ball,  he  divided  the  tube 
accordingly.  He  then  filled  the  ball  and  part  of  the 
tube  with  water  exhaulled  of  air  ; and  leaving  the  tube 
open,  placed  this  apparatus  under  the  receiver  of  an 
air-pump,  and  obferved  the  degree  of  expanfion  of  tlie 
water  anfwering  to  any  degtee  of  rarefartion  of  the 
air;  and  again  by'  putting  it  into  the  glals  receiver  of 
a condenling  engine,  he  noted  the  degree  of  com- 
preflion  of  the  water  eorrelnonding  to  any  degree  of 
condenfation  of  the  air.  He  thus  found,  by  repeated 
trials,  that,  in  a temperature  of  50°,  and  when  the 
mercury  has  been  at  its  mean  height  in  the  barometer, 
the  water  expands  one  part  in  21740  ; and  is  as  much 
comprefied  by  the  weight  of  an  additional  atmofphere  ; 
ar  the  comprelfion  of  water  by  twice  the  weight  of  the 
atmofphere,  is  one  part  in  10870  of  Its  whole  bulk. 
Should  it  be  objected,  that  the  compreffibility  of  the 
water  was  owing  to  any  air  which  it  might  be  fuppofeil 
to  contain,  he  anfwers,  that  more  air  would  make  it 
more  comprefiible  ; he  therefore  let  into  the  ball  a bub- 
ble of  air,  and  found  that  the  water  was  not  move 
comprefied  by  the  fame  weight  than  before. 

In  fome  farther  experiments  of  the  fame  kind,  Mr.  • 
Canton  found  that  water  is  more  comprefiible  in  winter 
than  In  fummer  ; but  he  obferved  the  contrary  in  fpii  it 
of  wine,  and  oil  of  olives. 

The  followinw-  tabic  was  formed,  when  the  barometer 
was  at  29  inches  and  a half,  and  the  thermometer  at 
50  degrees. 
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He  infers  tliat  tbefe  fluids  are  not  only  Compreflible, 
but  eladic  ; and  that  the  comprefiions  of  them,  by  the 
fame  weight,  are  not  in  the  inverfe  ratio  of  their  deii- 
fities,  or  fpecific  gravities,  as  might  be  fuppofed.  Phil, 
Tranf.  vol.  lii.  1^62.  art.  103.  and  vol.  liv*  1764. 
art.  47. 

The  compreflion  of  the  air,  by  its  own  weight,  is 
fiirprifingly  great:  but  the  air  may  be  flill  further 
compreffed  by  art.  See  Elafitcity  of  Air, 

This  immenfe  compreffion  and  dilatation,  Newton 
obferves,  cannot  be  accounted  for  in  any  other  way, 
but  by  a repelling  force,  with  which  the  particles  of 
air  are  endued  ; by  virtue  of  which,  when  at  liberty, 
they  mutually  fly  each  other. 

This  repelling  poWer,  he  adds,  is  flronger  and  more 
fenfible  in  air,  than  in  other  bodies  ; becaufe  air  is  ge- 
nerated out  of  very  fixed  bodies,  bilt  not  without  great 
difficulty,  and  by  the  help  of  fermentation  ; now  thofe 
•particles  always  recede  from  each  other  with  the  great- 
'cfi  violence,  and  are  compreffed  with  the  greateft  dif- 
ficulty, which,  when  contiguous,  cohere  the  mofl 
■flrongly.  See  Air,  Attraction,  Cohesion,  Di- 
latation, and  Repulsion. 

COMPUTATION,  the  manner  of  accounting  and 
eflimating  time,  weights,  meafures,  money,  &c.  See 
Calculation,  which  it’Is  alfo  ufed  for. 

CONCAVE,  an  appellation  ufed  in  fpeaking  of  the 
inner  furface  of  hollow  bodies,  more  efpecially  of  fphe- 
’rical  or  circular  ones. 

Concave  glaffes,  lerifes,  and  mirrors,  have  either 
'one  fide  or  both  fides  concave^ 

The  property  of  all  concave  lenfes  is,  that  the  rays 
'of  light,  in  paffing  through  them,  are  deflected,  ©r 
ijnade  to  recede  from  one  another ; as  in  convex  letifes 
they  are  Infledfed  towards  each  other  ; and  that  the 
more  as  the  concavity  or  convexity  has  a fmaller  radius. 
Plence'  parallel  rays,  as  thofe  of  the  fun,  by  paffing 
ihrough  a concave  lens,  become  diverging ; diverging 
rays  are  made  to  diverge  more  ; and  converging  rays 
are  made  either  to  converge  lefs,  or  to  become  parallel, 
or  go  out  diverging.  And  hence  it  is,  that  objedfs 
wicAved  through  concave  lenfes,  appear  dimlnifhed  5 
and  the  more  fo,  as  they  are  portions  of  lefs  fpheres. 
See  Lens. 

Concave  mirrors  have  the  contrary  effedl  to  lenfes; 
they  refiedf  the  rays  which  fall  oh  them,  fo  as  to  make 
them  approach  more  to,  or  recede  from  each  other, 
'than  before,  according  to  the  fituation  of  the  objedt  5 
and  that  the  more  as  the  concavity  is  greater,  or  as  the 
radius  of  concavity  is  lefs.  Hence  it  Is  that  concave 
mirrors  magnifying  objedls  that  are  prefented  to  them  5 
and  that  in  a greater  proportion,  as  they  are  portions 
of  greater  fpheres.  And  hence  alfo  concave  mirrors 
have  the  effedf  of  burning  glaffies.  See  Mirror,  and 
Burning  Glass. 

CONCAVITY,  that  fide  of  a figure  or  body  which 
is  hollow. 

An  arch  of  a curve  has  its  concavity  turned  all  one 
way,  when  the  right  lines  that  join  any  two  of  its 
points  are  all  on  the  fame  fide  of  the  arch. 

Archimedes,  intending  to  include  in  his  definition 
fiftch  lines  as  have  redfilinear  parts,  fays,  a line  has  its 
'ooncavity  turned  one  way,  when  the  right  lines  that 
|oin  any  two  of  its  points^  are  either  all  upon  one  fide 
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of  it,  or  while  fome  fall  upon  the  line  itfelf,  lione  frill 
upon  the  oppofif.e  fide.  Archim.  de  Sphsr.  et  Cyh 
Def.  2,  and  Maclaurin^'s  Fluxions,  art.  180. 

Vv^hen  two  lines  that  have  their  concavity  turned  the 
fame  way,  have  the  fame  extremes,  and  the  one  in-». 
eludes  the  other,  or  has  its  concavity  towards  it,  the 
perimeter  of  that  which  includes,  is  greater  than  that 
which  is  Included,  Archim.  ib.  ax.  2. 

CONCENTRIC,  having  the  fame  centre.  It  is  op- 
pofed  to  excentric,  or  having  different  centres. 

The  word  is  chiefly  ufed  in  fpeaking  of  round  bodies 
and  figures,  111011  as  circular,  and  elliptic  ones  ; but 
it  may  likewife  be  ufed  for  polygons  that  are  drawn 
parallel  to  each  other,  from  the  fame  centre. 

Nonniiis^s  method  of  graduating  infiruments  confifts 
in  deferibing  with  the  fame  quadrant  45  concentric 
arches,  dividing  the  outermoE  into  90  equal  parts, 
the  next  into  89,  and  fo  on. 

CONCHOID,  or  ConchiLes,  the  name  of  a curve 
invented  by  Nicomedes.  It  was  much  ufed  by  the  an« 
cients  in  the  conftrmftion  of  folld  problems,  as  appears 
by  what  Pappus  fays. 

It  is  thus  conflrudfed  : AP  arid  BD  being  two  lines 
interfedfing  at  right  angles ; from  P draw  a number 
of  other  lines  PFDE,  dec,  on  which  take  always  DE  1=^ 
DF  AB  or  BC  ; fo  ffiall  the  curve  line  drawn 
through  all  the  pqints  E,  E,  E,  be  the  firfi;  conchoid, 
or  that  of  Nicomedes ; and  the  curve  drawn  through 
all  the  other  points  E,  F,  F,  is  called  the  fecond  con- 
choid ; though  in  reality,  they  are  both  but  parts  of 
the  fame  curve,  having  the  fame  pole  P,  and  four  in- 
finite legs,  to  which  tire  line  DBD  is  a common  afymp- 
tote. 


^iie  inventor,  Nicomedes,  conlfited  an  inflrumenb 
fbr  deferibing  his  conchoid  by  a mechanical  motion ; 
thus,  in  the  rule  AD  is  a channel  or  groove  cut,  fdi> 
that  a fmooth  nail,  firmly  fixed  in  the  moveable  rule 
CB,  in  the  point  F,  may  llide  freely  within  it : into  the 
rule  EG  is  fixed  another  nail  at  K,  for  the  moveable 
rule  GB  to  Aide  upon.  If  therefore  the  rule  BC  be  fo 
moved,  as  that  the  nail  F pafles  along  the  canal  AD  ; 
the  flyle,  or  point  in  C,  will  deferibe  the  firft  con- 
choid. 

To  determine  the  equation  of  the  curvet  put  AB 
= BC  = DE  DF  = «,  PB  = ^ BG  = EH  = 
tind  GE  = BH  = y 3 then  the  equation  to  the  llrfl  con- 
choid 
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c^oid  wHl  be  X ^ -H  ^ 1"^  4-  >■*  = X ^ 

or  x^  4 2bx'i  4 b'^  n"  4"  aH^  4 2n''bx  4 a'^x'^; 

and,  changing  only  the  fign  of  .v,  as  being  negative 
in  the  other  curve,  the  equation  to  the  2d  conchoid 

will  be  x'^  X b — aV  + X ^ or 

x'^  — 2bx^  4 ^'x'^  4 x^y^  = a^h~  — 2a^hx  4 a^xy-. 

Of  the  whole  conchoid,  exprcfred])y  thcfe  two  equa- 
tions, or  rather  one  equation  only,  with  different  figris, 
there  are  three  cafes  or  fpecies  ; as  firfl, 
when  BCis  lefs  than  BP,  the  conchoid  will  be  as  in  fig.  i ; 
when  BC  is  equal  to  BP,  the  conchoid  will  be  as  in  fig.  2 ; 
and  when  BC  is  greater  than  BP,  the  conchoid  will  be 
as  in  fig.  3. 

Newton  approves  of  the  ufe  of  the  conchoid  for  tri- 
fefting  angles,  or  finding  two  mean  proportionals,  or 
for  conftrufling  other  folid  problems.  Thus,  in  the 
Linear  Conftruftion  of  equations,  towards  the  end  of  his 
Univerfal  Arithmetic,  he  fays,  “ The  antients  at  firfl 
endeavoured  in  vain  at  the  trifection  of  an  angle,  and 
the  fini'ng  of  two  mean  proportionals  by  a right  line 
and  a circle.  Afterwards  they  began  to  confider  feve- 
ral  other  lines,  as  the  conchoid,  the  cifibid,  and  the  conic 
feclions,  and  by  fome  of  thefe  to  folve  thefe  problems. 
Again,  “ Either  therefore  the  trochoid  is  not  to  be  ad- 
mitted at  all  into  geometry,  or  elfe,  in  the  confirud ion  of 
problems,  it  is  to  be  preferred  to  all  lines  of  a more  diih- 
cult  ddcription  : and  there  is  the  fame  reafon  for  other 
curves;  for  which  reafon  we  approve  of  the  trifedfions  of 
an  angle  by  a conchoid,  which  Arcliimedes  in  his  Lem- 
mas, and  Pappus  in  his  Colleclions,  have  preferred  to  the 
inventions  of  all  others  in  this  cafe  ; becaufe  we  ought 
either  to  exclude  all  lines,  befides  the  circle  and  right  line, 
out  of  geometry,  or  admit  them  according  to  the  limplici- 
tyof  their  deferiptions,  in  which  cafe  the  conchoid  yields 
to  none,  except  the  circle.”  Laftly,  “ Tliat  is  arith- 
metically more  fimple  which  is  determined  by  the  more 
fimple  equations,  but  that  is  geometrically  more  fimple 
which  is  determined  by  the  more  fimple  drawing  of  lines ; 
and  in  geometry,  that  ought  to  be  reckoned  beil  which 
is  geometrically  molt  fimple : wherefore  I ought  not  to 
be  blamed,  if,  with  that  prince  of  mathematicians, 
Archimedes,  and  other  antients,  I make  ufe  of  the  con- 
choid for  the  conftrudlion  of  folid  problems.” 

CONCRETE  Numbers  are  thofe  tliat  are  applied  to 
exprefs  or  denote  any  particular  fubjeft  ; as  3 men,  2 
pounds,  6ec.  Whereas,  if  notning  be  conneefted  with  a 
number,  it  is  taken  abftraffedly  or  univerfally  ; thus, 

4 fignifies  only  an  aggregate  of  4 units,  without  any 
regard  to  a particular  fubjed,  whether  men  or  pounds, 
or  any  thing  elfe. 

CONCURRING,  or^CoNGRUENT  Figiiresyin  Geo- 
metry, are  fuch  as,  being  laid  upon  one  another,  do  ex- 
actly correfpond  to,  and  cover  one  another,  and  confe- 
quently  mull  be  equal  among  tliemfelves.  Thus,  tri- 
angles having  two  fides  and  the  contained  angle  equal, 
each  to  each,  are  equal  to  each  other  in  all  refpe^s. 

CONlDENb  A I lO^I,  is  tne  comprefling  or  reducing 
of  a body  into  a Icfs  bulk  or  fpace;  by  which  means  it 
is  rendered  moredenfe  and  compadf. 

Wolfius,  and  fome  other  writers,  refirain  the  ufe  of 
the  viordreondenjation  to  the  adlion  of  cold  ; that  which 
IS  done  by  external  application,  they  call  comprefiion. 
Condenfation  however,  in  general,  confiils  in  bring- 
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ing  tlic  parts  clofer  to  each  other,  and  hicreafing  their 
contadl,  whatever  be  the  means  by  which  it  is  efieittcd.* 
in  oppofitioii  to  rarefaftion,  which  renders  the  body 
lighter  and  loofcr,  by  fetting  the  parts  farther  afunder,. 
and  diminifiiing  their  contadt,  and  of  confcqiience  their 
cohefion. 

Air  eafily  condenfes,  either  by  cold,  or  by  preffure, 
but  much  more  by  the  latter ; but  mod  of  all  by  che- 
mical procefs.  Water  condenfes  alfo  lioth  by  cold  and 
by  preffure  ; but  it  fuddeuly  expands  by  congelation  : 
indeed  alrnoft  all  matter,  both  iolids  and  fluids,  has 
the  fame  property  of  condenfation  by  thofe  means. 
Sec  Compression.  So  aho  vapour  is  condenfed,  or 
converted  into  water,  by  dillillation,  or  naturally  in  the 
clouds.  Phe  way  in  wliich  vapour  commonly  conden- 
fes, is  by  the  application  of  fome  cold  fubitance.  On 
touching  5t,  the  vapour  parts  with  its  heat  which  it 
liad  before  ablorbed  : and  on  doing  fo,  it  immediately" 
lofes  the  proper  charafterifiics  of  vapour,  and  becomes 
water.  But  though  this  be  the  molt  common  and  ufual 
way  in  which  w'C  obferve  vapour  to  be  condenfed,  na- 
ture certainly  proceeds  after  another  manner  ; fince  we 
often  obferve  the  vapours  moll  plentifully  condenfed 
when  the  weather  is  really  warmer  tlian  at  other  times. 

CONDENSER,  a pneumatic  engine,  or  fyringe,  by 
which  an  extraordinary  quantity  of  air  may  be  crowded 
or  pufhed  into  a given  fpace ; fo  that  frequently  ten  at- 
mofpheres,  or  ten  times  as  much  air  as  the  fpace  na- 
turally contains,  without  the  engine,  may  be  thrown  in 
bjr  means  of  it,  and  its  eg'refs  prevented  by  valves  pro- 
perly difpofed. 

^ The  condenfer  is  made  eitlier  of  metal,  or  glafs,  and 
either  in  a cylindrical  or  globular  form,  into  which  the 
air  is  thrown  with  an  injecting  fyringe. 

The  receiver,  or  vefiel  containing  the  condenfed  air, 
fiiould  be  made  very  flrong,  to  bear  the  force  of  the 
air  s elailicity  thus  increafed  ; for  which  reafon  it  is 
commonly  made  of  brafs.  When  glafs  is  ufed,  it  will 
not  bear  fo  great  a condenfation  of  air ; but  then  the 
experiment  will  be  more  entertaining,  as  the  efi'eft  may 
be  viewed  of  the  condenfed  air  upon  any  fubject  put 
within  it. 

CONDUCTOR,  in  Electricity,  a term  firft  intro- 
duced in  this  fciencc  by  Dr.  Defaguliers,  and  ufed  to 
denote  thole  fubltances  which  are  capable  of  receiving 
and  tranfmitting  eleCtricity  ; in  oppofition  to  eleCtrics, 
in  which  the  matter  or  virtue  of  electricity  may  be  ex- 
cited and  accumulated,  or  retained.  The  former  are 
alfo  called  non-eletirics^  and  the  latter  non-condutlors. 
And  all  bodies  are  ranked  under  one  or  other  of  theie 
two  clalfes,  though  none  of  them  are  perfed  eledrics,  nor 
peifed  condudors^  fo  as  wholly  to  retain,  or  freely  and 
without  refinance  to  tranfmit  t!ie  eIcCtric  fluid. 

To  the  ciafs  of  conductors,  belong  all  metals  and 
femi-metals,  ores,  and  all  fluids  (except  air  and  oils],  to- 
gether with  the  fubltances  containing  them,  the  efflu- 
via of  flaming  bodies,  ice  (unlefs  very  hard  frozen),  and 
inow,  molt  faline  and  llony  fubltances,  charcoals,  of 
which  the  belt  are  thofe  that  have  been  expofed  to  the 
greatell  heat,  fmokc,  and  the  vapour  of  hot  water. 

It  feems  probable  that  the  electric  fluid  palfes  through 
the  fubitance,  and  not  merely  over  the  furfaces  of  me- 
tallic conductors  ; becaufe,  if  a wire  'of  any  kind  of 
metal  be  covered  with  fome  elcCtric  fublbhce,  as  refin 
^ ^ Icalintr- 
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paling-wax,  &c,  and  a jar  be  difcharged  through  it,  the 
charge  will  be  condiuiled  as  well  as  without  the  elec- 
tric  coating. 

It  has  alio  been  alleged,  that  ele^Irlcity;.  will  pervade 
a vacuum,  and  be  tranfmitted  through  it  almoft  as  free- 
ly as  through  the  fubftance  of  the  bell  condudlor  ^ 
but  Mr..  Wallh  found,  that  the  elesilric  fpark  orUiock 
W'ould  no  more  pals  through  a perfect  vacuum,  than 
through  a Hick  of  folid  glafs.  In  other  inllances  how- 
ever, when  the  vacuum  has  been  made  with  all  poHible 
eare,  the  experiment  has  not  fucceeded. 

It  may  alfo  be  obferv.ed,  that  many  of  the  foremen- 
tioned  fubltances  are  capable,  of  being  eleclrihed,  and 
that  their  cGndu(iting  power  may  be  dellroyed  and  re- 
covered by  different  proceffes:  for  example,  green  wood 
is  a conductor ; but  baked,  it  becomes  a non-conduc- 
tor ; again  its  condudting  power  is  rellored  by  charring 
it  j and  laflly  it  is  deftroyed.by  reducing  this  to  afhes. 

Again,  many  elecftric  fubftances,  as  glafs,  refin,  air, 
&;c,  become  condu^ors  by  heiag  made  very  hot ; how- 
ever, air  heated  by  glafs  miift  be  excepted. 

See,  on  this  fubjedt,  Prieftley^s  Hift.  of  Eledf ricity, 
vol.  I ; Franklin’s  Letters  &c,  pa.  96  and  262  edit. 
1769  ; Cavailo’s  Complete  Treat,  of  Ele6lr.  chap.  2 ; 
Henley’s  Exper^  and  Obfer.  in  Eledtr.  alfo  Philof. 
Tranf.  vol,  67  pa.  122  ; and  elfewhere  in  the  different 
volumes  of  the  Tranfadtions. 

Prime  Conductor,  is  an  infulated  condudfqr,  fo  cqn- 
nedled  with  the  eleclrical  machine,  as  to  receive  the 
eledlricity  immediately  from  the  excited  elecffric. 

Mr.  Grey  firff  employed  metallic  conductors  in  this 
way,  in  1734;  and  thefe  were  feveral  pieces  of  metal 
fufpended  on  filken  ftrings,  which  he  charged  with 
electricity.  Mr.  Du  Fay  faflened  to  the  end  of  an  iron 
bar,  which  he  ufed  as  his  prime  conduCtor,  a bundle 
of  linen  threads,  to  which  he  applied  the  excited  tube  : 
but  thefe  v;,ere  afterwards  changed  for  fmall  wires  fuf- 
pended from  a common  gun-barrel,  or  other  metallic 
rod. 

In  the  prefent  advanced  ftate  of  the  fcience,  this  part 
of  the  electrical  apparatus  has  been  confiderably  im- 
proved. The  prime  conduCtor  is  made  of  hollow  brafs,. 
and  ufually  of  a cylindrical  form.  Care  fliouid  be 
tjiken,  that  it  be  perfectly  fmooth  and  round,  with- 
out points  and  fharp  edges.  The  ends  of  the  conduc- 
tor are  fphericai ; audit  is  neceffary,  that  the  part  moft 
remote  from  the  eieCtric  Ihould  be  made  round  and  much 
larger  than  the  relt,  the  better  to  prevent  the  eleCtric 
matter  from  efcaping,  which  it  always  endeavours  moft 
to  do  at  the  greateff  diftance  from  the  eleCtric  : and 
the  other  end  (hould  be  furnifhed  with  feveral  pointed 
wires  or  needles,  either  fufpended  from,  or  fixed  to  an 
open  metallic  ring,  and  pointing  to  the  globe  or  cylin- 
der, or  plate,  to  collect  the  ftre.  It  is  bed  fupported 
by  pillars  of  folid  glafs,  covered  with  fealing-wa-x  or 
good  varndh.  Prime  conductors  of  a large  fize  are 
ulually  made  of  pafte-board,  covered  with  tin-foil  or 
gilt  paper-;  tliefe  being  ufcful  for  throwing  off  a longer 
and  denfer  fpark  than  thofe  of  a fmaller  fize : they 
fhoidd  terminate  in  a fmaller  knob  or  obtnfe  edge,  at 
which  the  fparks  Hioiild  be  folicited,  Mr.  Nalrne  pre- 
pared a conductor  6 feet  in  length,  and  1 foot  in  dia- 
rtmter,  from  v/hich  he  drew  eleCtrical  fparks  at  the  dif- 
tance of  16,  17,  or  iB  inches;  and  Dr.  Van  Marum 


jlill  far  exceeded  this,  with  a^conduCtor  of  8 mchesal'a- 
meter,  and  upwards  of  30  feet  long,  formed  of  different 
pieces,  and  applied  to  the  large  eleCtrical  machine  ia 
Teyler’s^  Muleum  at  EXarlem,  the  moft  powerful  ma- 
chine of  the  kind  ever  yet  conftruCted,  But  the  fize  of 
the  conductor  is  always  limited  by  that  of  the  eleCtric, 
there  being  a maximum  which  the  fize  of  the  former 
Oiould  not  exceed ; for  it  may  be  fo  large,  that  the  dif- 
fipation  of  the  eleCtricity  from  its  furface  may  be 
greater  than  that  evhich  the  electric  is  capable  of  fup^ 

Dr.  Prieftley  recommends  a prime  conduCtor  of  po- 
lifned  copper,  in  the  form  of  a pear,  fupported  by  a pil- 
lar and  a firm  bafis  of  baked  wood  : this  receives  its  fire 
by  a long  arched  wire  of  foft  brafs,  which  may  be  eafily 
bent,  and  raifed  or  lowered  to  the  globe  : it  is  terminat- 
ed by  an  open  ring,  in  w’^hich  fome  fharp^pointed  wares 
are  hung.  In  the  body  of  this  conductor  are  holes  for 
the  infertion  of  metalline  rods.  This,  he  fays,  colleCts 
the  fire  perfectly  well,  and  retains  it  equally  everywhere, 
Philof.  Tranf.  vol,  64,  art.  7.  PHft.  EleCt.  vol.  2,  ^ 2. 

Mr.  Henly  has  contrived  a new  kind  of  prime  con- 
ductor, wdiieli,  from  its  ufe,  is  called  the  luminous  con- 
ductor. It  confifts  of  a glafs  tube  18  inches  long,  and 
2 inches  diameter.  The  tube  is  furnifhed  at  both  ends 
wuth  brafs  caps  and  femles  about  2 inches  long,  cement- 
ed and  made  air-tight,  and  terminated  by  brafs  balls. 

In  one  of  thefe  caps  is  drilled  a fmall  hole,  which  is  co- 
vered by  a ftrong  valve,  and  ferves  for  exhaufting  the 
tube  of  its  air.  Within  the  tube  at  each  end  there  is 
a knobbed  wdre,  projecting  to  the  diftance  of ‘2  inches 
and  a half  from  the  brafs  caps.  To  one  of  the  balls  is 
annexed  a fine-pointed  wire  for  receiving  and  collecting 
the  electricity,  and  to  the  other  a wire  with  a knob  or 
ball  for  difeharging  it.  The  conduCtor,  thus  prepared, 
is  fupported  on  pillars  of  fealing-wax  or  glafs,  Befide 
the  common  purpofes  of  a prime  conduCtor  to  an  elecr 
trical  machine,  this  apparatus  ferves  to  exhibit  and  af- 
certain  the  direction  of  the  eleCtric  matter  in  its  paffage 
through  it.  See  u figure  of  ’’  this  conduCtor  in  the 
Philof.  Tranf.  with  a defcriptioji  of  experiments,  &c. . 
with  it,  vol.  64,  pa.  4Q3. 

Conductors  of  IJghtnjng^  are  pointed ‘metallic  rods, 
fixed  to  the  upper  parts  of  buildings,  to  fecure  them 
from  ftrokes  of  lightning.  Thefe  were  invented  and 
propofed  by  Dr.  Franklin  for  this  purpofe,  foon  after 
the  identity  of  eleCtricity  and  iightning  was  afeertained;.. 
and  they  exhibit  a very  important  and  ufefu!  application 
of  modern  difeoveries  in  this  fcience.  V-his  ingenious 
pliilofopher,  having  found  that  pointed  bodies  are  bet- 
ter fitted  for  receiving  and  throwing  off  the  eleCtric  fire, 
than  fuch  as  are  terminated  by  blunt  ends  or  fiat  fur-  * 
faces,  and  that  metals  are  the  readieft  and  belt  conduc- 
tors, foon  difeovered  that  lightning  and  eleCtricity  re- 
fembled  each  other  in  this  and  other  diftingnifliing  pro- 
perties : he  therefore  recommended  a pointed  metalline , 
rod,  to  be  raifed  fome  feet  above  the  higheft  part  of  a 
building,  and  to  be  continued  down  into  the  ground,  or . 
the  neareft  water.  The  lightning,  fiiould  it  ever  come 
wdthin  a certain  diftance  of  this  rod  or  wore,  would  be 
attracted  by  it,  and  pafs  through  it  preferably  to 
any  other  part  of  the  building,  and  be  conveyed  into 
the  earth  or  water,  and  there  diffipatcd,  without  doing 
any  damage  to  the  building.  Maay  faCts  have  occur- 
red 
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ted  to  evince  tlie  utility  of  this  fimple  and  feemingly 
trifling  apparatus.  And  yet  fome  eledlricians,  of  whom 
Mr.  Wilfon  was  the  chief,  have  objedledto  the  pointed 
termination  of  this  conduftor  ; preferring  rather  a blunt 
end  : becaufe,  they  pretend,  a point  invites  the  elec- 
tricity from  the  clouds,  and  attrafts  it  at  a greater  dif- 
tance  than  a blunt  condu<flor.  Philof.  Tranf.  vol.  54, 
.pa.  234;  vol.  63,  pa.  49  ; and  vol.  68,  pa.  232. 

This  fubjedd  has  indeed  been  very  accurately  examin- 
ed and  difcuffed;  and  pointed  conductors  are  almoft  uni- 
v’erfally,  and  for  the  belt  reafons,  recommended  as  the 
xnoft  proper  and  eligible.  A fharp-pointed  conduCtor, 
as  it  attracts  the  eleCtric  fire  of  a cloud  at  a greater  dif- 
tance  than  the  other,  draws  it  oif  gradually : and  by 
conveying  it  away  gently,  and  in  a continued  ftrearo, 
prevents  an  accumulation  and  a ftroke  ; whereas  a con- 
ductor with  a blunt  termination  receives  the  whole  dif- 
charge  of  a cloud  at  once,  and  is  much  more  likely  to 
be  exploded,  whenever  a cloud  comes  within  a ftrik- 
ing  diltance.  To  this  may  be  added  experience  ; for 
buildings  guarded  by  cither  natuml  or  artificial  conduc- 
tors terminating  in  a point,  have  very  feldom  been 
ilruck  by  lightning  ; but  others,  having  flat  or  blunt 
terminations,  have  often  been  (truck  and  damaged  by 
it. 

The  belt  conduCtor  for  this  purpofe,  is  a rod  of  iron, 
or  rather  of  copper,  as  being  a better  conduCtor  of  elec- 
tricity, and  lefs  liable  to  ru(t,  about  3 quarters  of  an  inch 
thick,  which  is  either  to  be  faltened  to  the  walls  of  a 
building  by  wooden  cramps,  or  fupported  by  wooden 
pods,  at  the  diitance  of  a foot  or  two  from  the  wall  ; 
though  lefs  may  do  : the  upper  end  of  it  fhould  ter- 
minate in  a pyramidal  form,  with  a (liarp  point  and 
edges  ; and,  when  made  of  iron,  gilt  or  painted  near 
the  top,  or  elfe  pointed  with  copper  ; and  be  elevated  5 
or  6 feet  above  the  highelt  part  of  the  building,  or 
chimneys,  to  which  it  may  be  fadened.  The  lower  end 
fhould  be  driven  5 or  6 feet  into  the  ground,  and  di- 
refted  away  from  the  foundations  of  the  building,  or 
continued  till  it  communicates  with  the  neared  water  : 
and  if  this  part  be  made  of  lead,  it  will  be  lefs  apt  to 
decay.  When  the  conduClor  is  formed  of  different 
pieces  of  metal,  care  fhould  be  taken  that  they  are 
well  joined  ; and  it  is  farther  recommended,  that  a com- 
munication be  made  from  the  conduClor  by  plates  of 
lead,  8 or  10  inches  broad,  with  the  lead  on  the  ridges 
and  gutters,  and  with  the  pipes  that  carry  down  the  rain 
water,  which  fhould  be  continued  to  the  bottom  of  the 
building,  and  be  made  to  communicate  either  with  w'a- 
ter  or  moid  earth,  or  with  the  main  pipe  which  ferves 
the  houfe  with  water.  If  the  building  be  large,  two, 
three,  or  more  condudlors  fliould  be  applied  to  differ- 
ent parts  of  it,  in  proportion  to  its  extent.  Philof. 
Tranf.  vol.  64,  pa.  403. 

Chains  have  been  ufed  as  conductors  for  preferving 
ihips  ; but  as  the  eleftric  matter  does  not  pafs  readily 
through  the  links  of  it,  copper  wires,  a little  thicker 
than  a goofe  quill,  have  been  preferred,  and  are  now 
generally  ufed.  They  fhould  reach  2 or  3 feet  above 
the  highed  mad,  and  be  continued  down  in  any  con- 
venient direction,  fo  as  always  to  touch  the  fea  water. 
Philof.  Tranf.  vo^.  32,  pa.  633.  See  alfo  Franklin’s 
Letters  &c  1769,  pa.  65,  124,  479,  kc  ; and  Cavallo’s 
LleCtr.  chap.  9. 


For  the  CoriJlruBton  and  management  of  EleBricnl 
Kites,  and  Cendu^ors  or  Machines  for  dinwing  eleClricity 
from  the  clouds,  fee  Priedley’s  Hid.  of  ElcCIr.  vol.  2, 
pa.  103  edit.  1775. 

CONE,  a kind  of  round  pyramid,  or  a folid  body 
having  a circle  for  itsbafe,  audits  Tides  formed  by  right 
lines  drawn  from  the  circumference  of  the  bale  to  a 
point  at  top,  being  the  vertex  or  apex  of  the  cone. 

Euclid  defines  a cone  to  be  a folid  figure,  whofc 
bafe  is  a circle,  and  is  produced  by  the  entire  revolution 
of  a right-angled  triangle  about  its  perpendicular  leg-, 
called  the  axis  of  the  cone.  If  this  leg,  or  axis,  be 
greater  than  the  bafe  of  the  triangle,  or  radius  of  the 
circular  bafe  of  the  cone,  then  the  cone  is  acute-angled, 
that  is,  the  angle  at  its  vertex  ks  an  acute  angle  ; but  if 
the  axis  be  lefs  than  the  radius  of  the  bafe,  it  is  an  ohtvfc^ 
angled  cone  ; and  if  they  are  equal,  it  is  a right-angled 
cone. 

But  Euclid’s  definition  only  extends  to  a righ  cone, 
that  is,  to  a cone  whofe  axis  is  perpendicular  or  at  right- 
angles  to  its  bafe  ; and  not  to  oblique  ones,  in  which 
the  axis  is  oblique  to  the  bafe,  the  general  definition,  or 
defeription  of  which  may  be  this  : 

If  a line  VA  continually  pafi 
through  the  point  V,  turning  up- 
on that  point  as  a joint,  and  the 
lower  part  of  it  be  carried  round 
the  circumference  ABC  of  a cir- 
cle ; then  the  fpace  inclofed  be- 
tween that  circle  and  the  path  of 
the  line,  is  a cone.  The  circle 
ABC  is  the  bafe  of  the  cone  ; 

V is  its  vertex  ; and  the  line  VD, 
from  the  vertex  to  the  centre  of  the 
bafe,  is  the  axis  of  the  cone.  Alfo 
revolving  line,  produced  above  V,  will  defcrlbe  another 
cone  Y achy  called  the  oppofite  cone,  and  having  the 
fame  common  axis  produced  DV^/,  and  vertex  V. 

Properties  of  the  Cone.- — i.  The  area  or  furfacc  of 
eveiT  right  cone,  exclufive  of  its  bafe,  is  equal  to  a 
triangle  whofc  bafe  is  the  periphery,  and  its  height  the 
(lant  fide  of  the  cone.  Or,  the  curve  fuperficles  of  a 
right  cone,  is  to  the  area  of  its  circular  bafe,  as  the 
(lant  fide  is  to  the  radius  of  the  bafe.  And  therefore, 
the  fame  curve  furface  of  the  cone  is  equal  to  the  fedlor 
of  a circle  whofe  radius  is  the  flant  fide,  and  its  arch 
equal  to  the  circumference  of  the  bafe  of  the  cone. 

2.  Every  cone,  whether  right  or  oblique,  is  equal  to 
one-third  part  of  a cylinder  of  equal  bafe  and  altitude  ; 
and  therefore  the  folid  content  is  found  by  multiplying 
the  bafe  by  the  altitude,  and  taking  ^ of  the  produdi  ; 
and  hence  alfo  all  cones  of  the  fame  or  equal  bafe  and. 
altitude,  are  equal. 

3.  Although  the  folidity  of  an  oblique  cone  be  ob- 
tained in  the  fame  manner  with  that  of  a right  one,  it 
is  otherwife  with  regard  to  the  furface,  fince  this  can- 
not be  reduced  to  the  meafure  of  a fedlor  of  a circle,  be- 
caufe all  the  lines  drawn  from  the  vertex  to  the  bafe 
are  not  equal.  vSee  a Memoir  on  this  fuhjedl,  by'  M. 
Euler,  in  the  Nouv.  Mem.  de  Peterlburgh  vol.  i.  Dr. 
Barrow  has  demonffrated,  in  his  Lecliones  Geometricic, 
that  the  folidity  of  a cone  with  an  elliptic  bafe,  form- 
ing part  of  a right  cone,  is  equal  to  the  produdl  of  its 
furface  by  a third  part  of  one  of  the  perpendiculars 
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drawn  from  the  point  in  which  the  axis  of  the  right  cone 
iinterfe(?l;s  the  ellipfe ; and  that  it  is  alfo  equal  to  | of 
the  height  of  the  cone  multiplied  by  the  elliptic  bafe  : 
confequently  that  the  perpendicular  is  to  the  height  of 
the  cone,  as  the  elliptic  bafe  is  to  the  curve  furface. 
For  the  curve  furface  of  all  the  oblique  parts  of  a cone, 
fee  my  Menfur.  pa.  234  &c. 

4.  To jind  the  Curve  Surface  of  the  Fruflum  of  a Cotie^ 
Multiply  half  the  fum  of  the  circumferences  of  the  two 
ends,  by  the  flant  fide,  or  diflance  between  thefe  cir- 
cumference^. 

5.  For  the  SolidUy  of  the  Fruflum  of  a Cone^  add  into 
one  fum  the  areas  of  the  two  ends  and  the  mean  pro- 
portional between  them,  multiply  that  fum  by  the 
perpendicular  height,  and  ^ of  the  produ£l  will  be  the 
folidity.  See  alfo  my  Menfuration,  pa.  189. 

6.  The  Centre  of  Gravity  of  a cone  is  f of  the 
axis  diilant  frofn  the  vertex. 

Cones  of  the  Higher  Kinds  ^ are  thofe  whofe  bafes  are 
circles  of  the  higher  kinds  ; and  are  generated,  like  the 
common  cone,  by  conceiving  a line  turning  on  a point 
or  vertex  on  high,  and  revolving  round  the  circle  of  the 
higher  kind. 

Cone  of  Rays,  in  Optics,  includes  all  the  feveral  rays 
which  fall  from  any  point  of  a radiant  objefl,  on  the 
furface  of  a glafs. 

Double  Cone,  or  Spindle,  in  Mechanics,  is  a fo- 
lid  formed  of  two  equal  cones  joined  at  their  bafes.  If 
thts  be  laid  on  the  lower  part  of  two  rulers,  making  an 
angle  wnth  each  other,  and  elevated  in  a certain  degree 
above  the  horizontal  plane,  the  cones  will  roll  up  to- 
wards the  railed  ends,  and  feem  to  afeend,  though  in 
reality  its  centre  of  gravity  defeends  perpendicularly 
lower, 

CONFIGURATION,  the  exterior  furface  or  fbape 
that  bounds  bodies,  and  gives  them  their  particular 
figure. 

Configuration  of  the  planets,  in  Adrology,  is  a 
certain  diftance  or  fituation  of  the  planets  in  the  zodiac, 
by  which  it  is  fuppofed  that  they  affift  or  oppofe  each 
other. 

CONFUSED  Vlfion,  See  Vision. 
CONGELATION,  or  Freezing,  the  aSt  of  fix- 
ing the  fluidity  of  any  liquid,  by  cold,  or  the  applica- 
tion of  cold  bodies  : in  which  it  differs  from  coagula- 
tion, which  is  produced  by  other  caufes.  See  Freez- 
ing, Frost,  and  Ice. 

CONGRUITY,  in  Geometry,  is  applied  to  lines 
and  figures,  which  exadlly  correfpond  when  laid  over 
one  another  ; as  having  the  fame  terms,  or  bounds.  It 
is  affumed,  as  an  axiom,  that  thofe  things  are  equal  and 
fiinilar,  between  which  there  is  a congruity.  Euclid, 
and  molt  geometricians  after  him,  demonilrate  great 
part  of  their  elements  from  the  principle  of  congruity  : 
though  Leibnitz  and  Wolfius  fubftitute  the  notion  of 
Similitude  inftead  of  that  of  congruity. 

CONIC  Sections,  are  the  figimes  made  by  cutting 
a cone  by  a plane. 

2.  According  to  the  different  pofitions  of  the  cutting 
plane,  there  arife  five  different  figures  or  fedlions,  viz,  a 
triangle,  a circle,  an  ellipfe,  a parabola,  an  d an  hyperbola  : 
the  lafl;  three  of  which  only  are  peculiarly  called  conic 
fedions. 


3.  If  the  cutting  plane  pafs 
through  the  vertex  of  the  cone, 
and  any  part  of  the  bafe,  the  fec- 
tion  will  evidently  be  a triangle  ; 
as  VAB. 


4.  If  the  plane  cut  the  cone 
parallel  to  the  bafe,  or  make  no 
angle  with  it,  the  fe6lion  will  be 
a circle,  as  ABD. 


The  feeffion  DAB  is  an  el- 
llpfe,  when  the  cone  is  cut  ob- 
liquely through  both  fides,  or 
when  the  plane  is  inclined  to  the 
bafe  in  a lefs  angle  than  the  fide 
of  the  cone  is. 

6.  The  feftlon  is  a parabola, 
when  the  cone  is  cut  by  a plane 
parallel  to  the  fide,  or  when  the 
cutting  plane  and  the  fide  of  the 
cone  make  equal  angles  with  the 
bafe. 


7.  The  feeffion  is  an  hyperbola, 
when  the  cutting  plane  makes  a 
greater  angle  whth  the  bafe  than 
the  fide  of  the  cone  makes.  And 
if  the  plane  be  continued  to  cut 
the  oppofite  cone,  this  latter  fec- 
tion  is  called  the  oppofite  hyper- 
bola to  the  former  ; as  dBe, 

8.  The  vertices  of  any  fe6lion, 
are  the  points  where  the  cutting 
plane  meets  the  oppofite  fides  of 
the  cone,,  or  the  fides  of  the  verti- 
cal triangular  fedtion;  as  A and  B. 

— Hence,  the  ellipfe  and  the  oppo- 
fite hyperbolas  have  each  two  ver- 
tices ; but  the  parabola  only  one  ; 
unlefs  we  confider  the  other  as  at  an  infinite  diflance. 

9*  The  axis,  or  iranfverfe  diameter  of  a conic  feeffion,- 
is  the  line  or  diflance  AB  between  the  vertices.— 
Hence  the  axis  of  a parabola  is  infinite  in  length. 

Oppof.  Hyperb.  Parabola^ 


10.  The  centre  C is  the  middle  of  the  axis. — Hence 
the  centre  of  a parabola  is  infinitely  diftant  from  the 
vertex.  And  of  an  ellipfe,  the  axis  and  centre  lie  with- 
in the  curve  j but  of  an  hyperbola,  without. 
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11.  K Diameter  is  any  right  line,  as  AB  or  DE, 
drawn  through  the  centre,  and  terminated  on  each  fide 
by  the  curve : and  the  extremities  of  the  diameter,  or 
its  interfeClions  with  the  curve,  are  its  vertices. — Hence 
all  the  diameters  of  a parabola  are  parallel  to  the  axis, 
and  infinite  in  length ; becaufe  drawn  through  the 
centre,  a point  at  an  infinite  diftance.  And  hence  alfo 
every  diameter  of  the  ellipfe  and  hyperbola  have  two 
vertices  ; but  of  the  parabola,  only  one ; unlefs  we  con- 
fider  the  other  as  at  an  infinite  difiance. 

12.  The  conjugate  to  any  diameter,  is  the  line  drawn 
through  the  centre,  and  parallel  to  the  tangent  of  the 
curve  at  the  vertex  of  the  diameter.  So  FG,  parallel 
to  the  tangent  at  D,  is  the  conjugate  to  DE  ; and  Hf, 
parallel  to  the  tangent  at  A,  is  the  conjugate  to  AB. 
— Hence  the  conjugate  FII,  of  the  axis  AB,  is  perpen- 
dicular to  it  ; but  the  conjugates  of  other  diameters  are 
oblique  to  them. 

13.  An  ordinate  to  any  diameter,  is  a line  parallel  to 
its  conjugate,  or  to  the  tangent  at  its  vertex,  and  ter- 
minated by  the  diameter  and  curve.  So  DK  and  EL 
are  ordinates  to  the  axis  AB  ; and  MN  and  NO  ordi- 
nates to  the  diameter  DE. — Hence  the  ordinates  of 
the  axis  are  perpendicular  to  it  ; but  of  other  diame- 
ters, the  ordinates  are  oblique  to  them. 

14.  An  abfeifs  is  a part  of  any  diameter,  contain- 
ed between  its  vertex  and  an  ordinate  to  it ; as  AIC 
or  BK,  and  DN  or  EN. — Hence,  in  the  ellipfe  and 
hyperbola,  every  ordinate  has  two  abfeifies  ; but  in  the 
parabola,  only  one  ; the  other  vertex  of  the  diameter 
being  infinitely  diftant. 

15  . This  parameter  of  any  diameter,  is  a third  propor- 
tional to  that  diameter  and  its  conjugate. 

16.  The  focus  is  the  point  in  the  axis  where  the  or- 
dinate is  equal  to  half  the  parameter  : as  K and  L, 

where  DK  or  EL  is  equal  to  the  femiparameter. 

Hence,  the  ellipfe  and  hyperbola  have  each  two  foci  ; 

but  the  parabola  only  one. The  foci,  or  burning 

points,  were  fo  called,  becaufe  all  rays  are  united  or  re- 
fiedted  into  one  of  them,  which  proceed  from  the  other 
focus,  and  are  refledled  from  the  curve. 


17.  If  DAE,  FBG  be  two  oppofite  hyperbolas,, 
having  AB  for  their  firft  or  tranfverie  axis,  and  ab 
for  their  fecond  or  conjugate  axis;  and  if  dae,  fhg  be 
two  other  oppofite  hyperbolas,  having  the  fame  axis, 
but  in  the  contrary  order,  vi'z,  ab  their  firft  axis,  and 
AB  their  fecond ; then  thefe  tv/o  latter  curves  dacy 
fbgy  are  called  the  conjugate  hyperbolas  to  the  two  former 
DAE,  FBG  ; and  each  pair  of  oppofite  curves  mutu- 
ally conjugate  to  the  other. 

18.  And  if  tangents  be  drawn  to  the  four  vertices  of 
the  curves,  or  extremities  of  the  axis,  forming  the  in- 
feribed  reftangle  HIKE  ; the  diagonals  HCK  and  ICL, 
of  this  reftangle,  are  called  the  ajymptotes  of  the  curves. 

19.  Scholium,.  The  redlangle  inferibed  between  the 


four  conjugate  hyperbolas,  is  fimilar  to  a reffangle  cir- 
cumferibed  about  an  ellipfe,  by  drawing  tangents,  in 
like  manner,  to  the  four  extremities  of  the  two  axes  ; 
alfo  the  afymptotes  or  diagonals  in  the  hyperbola,' are 
analogous  to  thofe  in  the  ellipfe,  cutting  this  curve  in 
fimilar  points,  and  making  the  pair  of  equal  conjugate 
diameters.  Moreover,  the  whole  figure,  formed  by  the 
four  hyperbolas,  is,  as  it  were,  an  ellipfe  turned  infide 
out,  cut  open  at  the  extremities  D,  E,  F,  G,  of  tha 
faid  equal  conjugate  diameters,  and  thofe  four  points 
drawn  out  to  an  infinite  diftance,  the  curvature  being 
turned  the  contrary  way',  but  the  axes,  and  the  rect- 
angle pafiing  through  their  extremities,  remaining  fixed, 
or  unaltered. 

From  the  foregoing  definitions  are  eafily  derived  the. 
following  general  corollaries  to  the  fedtions. 


Ellipfe.  Hyperbola*  Parabola. 


20.  Corol.  I,  In  the  ellipfe,  the  femiconjugate  axis,, 
CD  orCF,  is  a mean  proportional  between  CO  and 
CP,  the  parts  of  the  diameter  OP  of  a circular  feCtion 
of  the  cone,  drawn  through  the  centre  C of  the  ellipfe, 
and  parallel  to  the  bafe  of  the  cone.  For  DE  is  a 
double  ordinate  in  this  circle,  being  perpendicular  to 
OF  as  well  as  to  A B. 

21.  In  like  manner,  in  the  hyperbola,,  the  length  of 
the  femiconjugate  axis,  Cl)  or  CE,  is  a mean  propor- 
tional between  CO  and  CP,  drawn  parallel  to  the  bafe, 
and  meeting  the  fides  of  the  cone  in  O and  P.  Or,  if 
AO''  be  drawn  parallel  to  the  fide  V B,  and  meet  PC  pro- 
duced in  O',  making  CO'  = CO  ; and  on  this  diame- 
ter O P a circle  be  drawn,  parallel  to  the  bale  ; theni 
the  femiconjugate  CD  or  CE  will  be  an  ordinate  of 
this  circle,  being  perpendicular  to-  O''?  as  well  as  to 
AB* 

Or,  in  both  figures,  the  whole  conjugate  axis  DE  iS' 
a mean  proportional  between  (T\  and  BR,  parallel  to 
the  bafe  of  the  cone..  See  my  Conic  Setlions,  pa.  6. 

In  the  parabola,  both  the  tranlverle  and  conjugate- 
are  infinite;  for  AB  and  BR  are  both  infinite. 

22.  Corol.  2.  In  all  the  feftions,  AG  will  he  equal.' 
to  the  parameter  of  the  axis,  If  be  drawn. making 
the  angle  AQCx  equal  to  the  angle  BAR.  In  like 
manner  B^  will  be  equal  to  the  fame  parameter.  If  R^- 
be  drawn  to  make  the  angle  B R^  = the  angle  AB(^ 

23.  Corol.  3.  Hence  the  upper  hyperbolic  fctlion, 
or  fetlion  of  the  oppofite  cone,  is  equal  and  fimilar  to 
the  lower  one.  For  the  two  fedlons  have  the  fame, 
tranfverfe  or  firll  axis  AB,  and  the  fame  conjugate  or 
fecond  axis  DE,  which  is  the  mean  proportional  be- 
tween At)  and  RB  ; and  they  have  alfo  equal  parame- 
ters. 
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ters  AG,  B^.  So  that  the  two  oppofite  fe£tIons  make, 
as  it  were,  but  the  two  oppofite  ends  of  one  entire  fec- 
^lion  or  hyperbola,  the  two  being  every  where  mutually 
equal  and  fimilar.  Like  the  two  halves  of  an  ehipfe, 
with  their  ends  turned  the  contrary  way.’ 

24.  Cor  oh  4.  And  hence,  although  both  the  tranf- 
verfe  and  conjugate  axis  in  the  parabola  be  infinite,  yet 
the  former  is  infinitely  greater  than  the  latter,  or  has 
an  infinite  ratio  to  it.  For  the  tranfverfe  has  the  fame 
ratio  to  the  conjugate,  as  the  conjugate  has  to  the  pa- 
rameter, that  is,  as  an  infinite  to  a finite  quantity, 
which  is  an  infinite  ratio. 

The  peculiar  properties  of  each  particular  curve,  will 
be  befi;  referred  to  the  particular  words  Ellipse,  Hy- 
YERBOLA,  Parabola;  and  thereforejit  will  only  be 
proper  here  to  lay  down  a few  of  the  properties  that 
arc  common  to  all  the  conic  fedlions, 

Some  other  General  Properties.* 

2 ;.  From  the  foregoing  definitions,  &c,  it  appears, 
-that  the  conic  fedlions  are  in  themfeives  a fyftcm  of  re- 
gular curves,  naturally  allied  to  each  other  ; and  that 
one  is  changed  into  another  perpetually,  when  it  is 
cither  increafed,  or  diminifiied,  in  infinitum.  Thus, 
the  curvatui'c  of  a cirele  being  ever  fo  Mttle  increafed  or 
diminifiied,  pafies  into  an  ellipfe  ; and  again,  the  centie 
of  the  ellipfe  going  off  infinitely,  and  the  curvature 
being  thereby  diminifiied,  is  changed  into  a parabola; 
^nd  laftly,  the  curvature  of  a parabola  being  ever  fo  lit- 
tle changed,  there  arifeth  the  firfl  of  the  hyperbolas ; 
the  innumerable  fpecies  of  which  will  all  of  them  arife 
orderly  by  a gradual  diminution  of  the  curvature  ; till 
this  quite  vanifhlng,  the  lafl  hyperbola  ends  in  a right 
line.  From  whence  it  is  manifeft,  that  every  regular 
curvature,  like  that  of  a circle,  from  the  circle  itfelf  to 
21  right  line,  is  a conical  curvature,  and  is  difilngulfiied 
with  its  peculiar  name,  according  to  the  divers  degrees 
of  that  curvature. 

26.  That  all  diameters  in  a circle  and  ellipfe  intei*- 
fed  one  another  in  the  centre  of  the  figure  within  the 
fedion  : that  in  the  paraboki  they  are  all  parallel  among 
themfeives,  and  to  the  axis  : but  in  the  hyperbola,  they 
interfed  one  another,  without  the  figure,  in  the  com- 
mon centre  of  the  oppofite  and  conjugate  fedions. 

27.  In  the  circle,  the  latus  reSum^  or  parameter,  is 
double  the  diftance  from  the  vertex  to  the  focus,  which 
is  alfo  the  centre.  But  in  ellipfes,  the  parameters  are 
in  all  proportions  to  that  diftance,  bet\veen  the  double 
and  quadruple,  according  to  their  different  fpecies. 
While,  In  the  parabola,  the  parameter  is  juft  quadruple 
'that  diftance.  And,  laftly  in  hyperbolas,  the  parame- 
ters are  in  all  proportions  beyond  the  quadruple,  ac- 
cording to  their  various  kinds. 

28.  The  firft  general  property  of  the  conic  fedions, 
with  regard  to  the  abfclftes  and  ordinates  of  any  diame- 
ter, is,  that  the  redangles  of  the  abfclftes  are  to  each 
other,  as  the  fquares  of  their  correfponding  ordinates. 
Or,  which  is  the  fame  thing,  that  the  fquare  of  any 
diameter  is  to  the  fquare  of  its  conjugate,  as  the  red- 
angle of  two  abfeifles  of  that  diameter,  to  the  fquare  of 
tlie  ordinate  which  divides  them.  That  is,  in  all  the 
figures, 

the  red.  AC  . CB  : red.  AE  . EB  CD^  : EF^  : 

7 


But  as,  in  the  parabola  the  infinites  CB  and  EB  are 
in  a ratio  of  equality,  for  this  curve  the  fame  property 
becomes  AC  : AE  : : CD*  : EF*,  that  is,  in  the  para- 
bola, the  abfeiftes  are  as  the  fquares  of  their  ordinates. 

Or,  when  one  of  the  ordinates  Is  the  femiconjugatc 
GH,  dividing  the  diameter  equally  in  the  centre,  the 
fame  general  property  becomes, 

AG  . GB  or  AG*  : AC  . CB  ; : GH*  ; CD% 
or  AB*  ; HI*  : : AC  . CB  : CD*. 

29.  From  hence  Is  derived  the  equation  of  the  curves 
of  the  conic  fedions ; thus,  putting  the  diameter  AB 
= dy  its  conjugate  HI  = c,  abfeifs  AC  = Xy  and  Its 
ordinate  CD  ~y  ; then  is  the  other  abfeifs  CB  = 
in  the  ellipfe,  or  d x in  the  hyperbola,  or  d in  the 
parabola ; and  hence  the  laft  analogy  above,  becomes 

d"  i c'^  i X • d X or  dx  x'^  i y*, 

or  dy''-y^  = c*  . dx  zp  A'*  is  the  general  equation  for  all 
tile  conic  fedions  ; and,  In  particulaiq  it  is 

f/*j*  ^ f*  , dx  — A*  In  the  ellipfe, 

~ , dx  -{■  A*  111  the  hyperbola,  and 

d'^y-  = c^dx,  or  dy^  = c'*a  in  the  parabola  : Or  the  three 
equations  may  be  otherwife  exprelfed  thus  ; 

£■*  — — — 

j*  = . dx—x^  In  the  ellipfe, 

a* 



j’*  — ~.dx-\’x'^  in  the  Iryperbola,  and 

Id' 

r* 

j*  =z~j  X or  = px  In  the  parabola,  where  the  para- 


meter * = -~  the  third  proportional  to  the  diameter  and 
d 


its  conjugate,  by  the  definition  of  It. 

And  from  this  one  general  propofition  alone,  which 
is  eafily  derived  from  the  fedion  In  the  folid  cone  itfelf, 
together  wiih  the  definitions  only,  as  laid  down  above, 
all  the  other  properties  of  all  the  fedions  may  eafily  be 
derived,  without  any  farther  reference  to  the  cone,  and 
without  mechanical  deferiptions  of  the  curves  in  piano  ; 
as  is  done  in  my  Treatife  on  Conic  Sedions,  for  the 
life  of  the  Royal  Mih  Acad.  ; in  which  alfo  all  the 
fimllar  propofitions  in  the  ellipfe  and  hyperbola  are  car- 
ried on  word  for  word  in  them  both. 


The  more  ancient  mathematicians,  before  the  time  of 
Apollonius  Perggsus,  admitted  only  the  right  cone  into 
their  geometry,  and  they  fuppofed  the  fedion  of  it  to  be 
made  by  a plane  perpendicular  to  one  of  its  Tides  ; and 
as  the  vertical  angle  of  a right  cone  may  be  either  right, 
acute,  or  obtnfc,  the  fame  method  of  cutting  thefe  fe- 
veral  cones,  viz,  by  a plane  perpendicular  to  one  fide, 
produced  all  the  three  conic  fedions.  The  parabola 
was  called  the  fedion  of  a right-angled  cone  ; the  el- 
lipfe, the  fedion  of  the  acute-angled  cone  ; and  the  hy- 
perbola, the  fedion  of  the  obtufe- angled  cone.  But 
Apollonius,  who,  on  account  of  his  writings  on  this 

fubjed. 
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oBtained  the  appellation  of  Magnus  Geometra^ 
the  Great  Geometrician,  obferved,  that  thefe  three  fec- 
tions  might  be  obtained  in  every  cone,  both  oblique 
and  right,  and  that  they  depended  on  the  different  in- 
clinations of  the  plane  of  the  fedtion  to  the  cone  itfelf, 
Apollon.  Con.  Halley’s  edit.  lib.  i,  p.  9. 

Inftead  of  confidering  thefe  curves  as  fe(51;ion3  cut 
from  the  folid  cone,  which  is  the  true  genuine  way  of 
all  the  ancients,,  and  of  the  mofl  elegant  writers  among 
the  moderns,  Hefcartes,  and  fome  others  of  the  mo- 
derns, have  given  arbitrary  conflrudlions  of  curves  on  a 
plane,  from  which  conftru6llons  they  have  demonflrated 
tlie  properties  of  thefe,  and  have  afterwards  proved  that 
fome  principal  property  of  them  belongs  to  fuch  curves  or 
feftions  as  are  cut  from  a cone ; and  hence  it  is  Inferred 
by  them  that  thofe  curves,  fo  defcrlbed  on  a plane,  are 
the  fame  with  the  conic  fedions. 

The  do6lrinc  of  the  conic  fedfions  Is  of  great  ufe  in 
phyfical  and'  geometrical  aflronomy,  as  well  as  In  the 
phyfico-mathematlcal  fclences.  The  doftrine  has  been 
much  cultivated  by  both  ancient  and  modern  geometri- 
cians, who  have  left  many  good  treatifes  on  the  fubjedl:* 
The  mofl  ancient  of  thefe  is  that  of  Apollonius  Per- 
gasus,  containing  8 books,  the  firfl  4 of  w’hich  have 
often  been  publiflied  ; but  Dr.  Halley’s  edition  has  all 
the  eight.  Pappus,  In  his  Colledl.  Mathem.  lib.  7, 
fays  that  the  firll  four  of  thefe  were  written  by  Euclid, 
though  perfedled  by  Apollonius,  who  added  the  other  4 
to  them.  Among  the  moderns,  the  chief  writers  are  My- 
dorgius  de  Seftionibus  Conicis ; Gregory  St.  Vincent’s 
Q^adratura  Circuli  & Sedlionum  Coni  ; De  la  Hire  de 
Setllonibus  Conicis;  Trevigar  Elem.  Sedllon.  Con. ; Dc 
W itt’s  Elcmenta  Curvarum ; Dr.  W^allis’s  Conic  Sec- 
tions ; Dc  i’Hofpital’s  Anal.  Treat,  of  Conic  Sedlions; 
Dr.  SImfon’s  SeClion.  Con. ; Milne’s  Elementa  Sec- 
tion. Conicarum ; Muller’s  Conic  Seclions ; Steel’s 
Conic  Sedlions  ; Dr.  Hamilton’s  elegant  treatife  ; my 
own  treatife,  above  cited.;  and  at  the  writing  of  this, 
my  friend  Mr.  Abram  Robertfon  of  Oxford  is  prepar- 
ing a curious  work  on  this  fubjedl,  containing  at  the 
fame  time  a treatife  on  the  fcience,  and  a hiflory  of  the 
writings  relating  to  It. 

CONICS,  that  part  of  the  liigher  geometry,  or  geo- 
metry of  curves,  which  confiders  the.  cone,  and  the  fc- 
vcral  curve  lines  arlfing  from  the  feftlons  of  it. 

CONJUGxATE  Axis^  or  IJlameier^  in  the  Conic 
Seclions,  is  tlie  axis,  or  a diameter  paj-alkl  to  a tangent* 
to  the  carve  at  the  vertex  of  another  axis,  or  diameter, 
to  which  that  is  a, conj.ngate. . Indeed  the  two  are  mu- 
tually conjugates  to  each  other,  and  each  is  parallel  to. 
the  tangent  at  the  vertex  of  the  other. 

Conjugate  PIyperbolas,  alfo  called  Adjacent  Hy- 
perbolas, are  inch  as  have  the  fame  axes,  but  in  the  con- 
trary order,  the  iiril  or  principal  axis  > of  the  one  being 
the  2d  axis  of  the  other,  and  the  2d  axis  of  the  foniu-r, 
the  ifl  axis  of  the  latter.  See  art.  17  of  Conic  Sec- 
tions. 

CONJUNCTION,  in  Ailronomy,  is  tlie  meeting 
of  the  ilars  and  planets  in  the  fame  point  or  place  in 
the  heavens  ; and  is  either  true  or  apparent. 

True  CasjUNCTiON  is  when  the  line  drawn  through 
the  centres  of  the  two  ilars  pafTes  alfo  through  the  cen* 
tre  of  the  earth.  Aiid  Conjunction  Is  when 

iliat  line  does  not  paCs  through  theearth’5  centre. 


CONOID,  is  a figure  refembling  a cone,  except  that 
the  ilant  fides  from  the  bafe  to  the  veitex  are  not 
ilralght  lines  as  in  the  cone,  but  curved.  It  is  gene- 
rated by  the  revolution  of  a conic  fedlion  about  Its  axis  ; 
and  it  is  therefore  threefold,  anfwering  to  the  three  fee- 
tlons  of  the  cone,  viz,  the  Elliptical  Conoid,  or  fpheroid, 
the  Hyperbolic  Conoid,  and  the  Parabolic  Conoid. 

If  a conoid  be  cut  by  a plane  in  any  pofition,  the 
fe6lion  will  be  of  the  figure  of  fome  one  of  the  conic 
feftlons ; and  all  parallel  fedlions,  of  the  fame  conoid, 
are  like  and  fimilar  figures.  When  the  feclion  of  the 
folid  returns  into  itfelf,  It  is  an  ellipfe;  which  is  always 
the  cafe  in  the  fedlions  of  the  fpheroid,  excej)t  when  it 
is  perpendicular  to  the  axis;  which  pofition  Is  alfo  to 
be  excepted  in  the  other  follds,  the  fection  being  al- 
ways a circle  in  that  pofition.  In  the  parabolic  conoid, 
the  fedlion  is  always  an  cHipfe,  except  when  it  is  paral- 
lel to  the  axis.  And  in  the  hyperbolic  conoid,  the  fec- 
tion Is  an  ellipfe,  when  its  axis  makes  wntli  the  axis  of 
the  folid,  an  angle  greater  than  that  made  by  the  faid 
axe  of  the  folid  and  the  afymptote  of  the  generating: 
hyperbola  ; the  fedlion  being  an  hyperbola  in  all  other 
cafes,  but  when  thofe  angles  are  equal,  and  then  it  is  a.'-- 
parabola. 

But  when  the  feclion  is  parallel  to  the  fixed  axis,  it 
is  of  the  fame  kind  with,  and  fimilar  to  the  generating, 
plane  itfelf ; that  is,  the  fedlion  parallel  to  the  axis,  in 
the  fpheroid.  Is  an  ellipfe  fimilar  to  the  generating  el-- 
lipfe  ; in  the  parabolic  conoid  it  is  a parabola,  fimilar' 
to  the  generating  one  ; and  In  the  hyperbolic  conoid,- 
it  is  an  hyperbola  fimilar  to  the  generating  one. 

The  fedlion  through  the  axis,  which  Is  the  generat- 
ing plane,  is,  in  the  fpheroid  the  greatell  of  the  paral- 
lel fedllons,  but  in  the  hyperboloid  it  is  tlie  leail,  and  in- 
the  paraboloid  thofe  parallel  feclions  arc  all  equal.  • 

The  analogy’  of  the  fedlions  of  the  Lyperboloid  to 
thofe  of  the  cone,  are  very'  remarkable,  all  the  three 
conic  fedlions  being  formed  h\'  cutting  an  hyperboloid 
in  the  fame  pofitions  as  the  cone  is  cut.  Thus,  let  an 
hyperbola  and  its  afymptote  be  revolved  together  about 
the  tranfverfe  axis,  the  former  delcribing  an  hyperbo- 
loid, and  the  latter  a cone  circninfcribing  it  ; then  let. 
it  be  fuppofed  that  tliey  ai*e  both  cut  bv  one  plane  in 
any  pofition  ; fo  fliall  the  two  ieclions  be  like,  iimilar, 
and  concentric  figures  : that  is,  il  the  plane  cut  both, 
the  fides  of  each,  the  fedions  will  be  concentric  and 
fimilar  elliples ; but  if  the  cutting  plane  be  parallel  tot 
the  afymptote,  or  to  the  fide  of  the  cone,  the  fedions 
will  be  parabolas ; and  in  all  other  pofitioiis,  the  fcc- 
dons  will' be  fimilar  and  concenti'ic  hyperbolas. 

And  this  analogy  ot  the  fedions  will  not  feem' 
flraiige,  when  it  Is  confidcred  that  a cone  Is  a fjicclcs  of 
the  hyperboloid  ; or  a triangle  a fpecies  of  the  hyper- 
bola, tlie  axes  being  infinitely  finall.  See  my  Menl'u-< 
ration,  prop,  i,  part  3,  fed.  4,  pag.  265  edit.  8vo. 

CONON  [of  Samos),  a refpedalale  mathematician 
and  philoiopher,  who  fiourllhed  about  the  130th  olym-"' 
piad,  being  a contemporary  and  friend  of  Archimedes,' 
to  whom  Coiion  cominumcated  his  writings,  and  lent 
him  fome  problems,  wliieh  Archimedes  received  with' 
approbation,  laying  tliey  ought  to  be  publilhed  while 
Conon  was  living,  for  he  comprehends  them  with  eafcj- 
and  can  give  a proper  demonllratlon  of  them. 

At  atiother  time  he  laaieuls  the  lofs  of  Couon,  thus 
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admiring  his  genius.  “ How  many  theorems  iu  geome- 
-try^  fays  he,  which  at  firft  feemed  impofhble,  would  in 
time  have  been  brought  to  perfeftion  ! Alas  ! Conon, 
though  he  invented  many,  with  which  he  enriched 
geometry,  had  not  time  to  perfect  them,  but  left  many 
in  the  dark,  being  prevented  by  death.’’  He  had  an 
uncommon  fleill  in  mathematics,  joined  to  an  extraor- 
dinary patience  and  application.  This  is  farther  con- 
firmed by  a letter  fent  to  Archimedes  by  a friend  of 
Conon’s.  “ Having  heard  of  Conon’s  death,  with 
whofe  friendflrip  I was  honoured,  and  with  whom  you 
kept  an  intimate  correfpondence  ; as  he  was  thoroughly 
verfed  in  geometry,  I greatly  lament  the  lofs  of  a fin- 
cere  friend,  and  a perfon  ot  furprifing  knowledge  in 
mathematics.  I then  determined  to  fend  to  you,  as 
I had  before  done  to  him,  a theorem  in  geometry, 
hitherto  obferved  by  no  one.” 

Conon  had  fome  difputes  with  Nicoteles,  wdio  wrote 
againft  him,  and  treated  him  with  too  much  contempt. 
Apollonius  confelfes  it  ; though  he  acknowledges  that 
Conon  was  not  fortunate  in  his  demonftrations. 

Conon  invented  a kind  of  volute,  or  fpiral,  different 
■from  that  of  Dynoftratus  ; but  becaufe  Archimedes  ex- 
plained the  properties  of  it  more  clearly,  the  name  of 
the  inventor  was  forgotten,  and  it  was  hence  called 
Archimedes’s  volute  or  fpiral. 

As  to  Conon’s  affrological  or  affronomical  knowledge, 
It  may  in  fome  meafiire  be  gathered  from  the  poem  of 
Catullus,  who  deferibes  it  in  the  beginning  of  his  verfes 
on  the  hair  of  Berenice,  the  fffter  and  wife  of  Ptolomy 
Huergetes,  upon  the  occafion  of  Conon  having  given 
out  that  it  was  changed  into  a conffellation  among 
the  bars,  to  confole  the  queen  for  the  lofs,  when  it  w^as 
ffolen  out  of  the  temple,  where  (he  had  confecrated  it 
■to  the  gods. 

CONSECTARY,  or  Corollary^  a confequence  de- 
duced from  fome  foregoing  principles. 

CONSEQUENT,  is  the  latter  of  the  tvim  terms  of 
a ratio  ; or  that  to  which  the  antecedent  is  referred 
•and  compared.  Thus,  in  the  ratio  a \ ox  a X.o  by 
the  latter  term  b is  the  confequent,  and  a is  the  antece- 
dent. 

CONSISTENT  Bodies^  is  a term  much  ufed  by  Mr. 
Boyle,  for  fuch  as  are  ufually  called  Jinity  or  jixed  bodies  ; 
in  oppofition  to  jluid  ones. 

CONSOLE,  in  Architecture,  is  an  ornament  cut 
upon  the  key  of  an  arch,  having  a projeClure  or  jetting, 
and  occafionally  ferving  to  fupport  fmall  cornices,  bulls, 
and  bafes. 

CONSONANCE,  in  Muffc,  is  commonly  ufed  in 
the  fame  fenfe  with  concord^  viz,  for  the  union  or  agree- 
ment of  two  founds  produced  at  the  fame  time,  the  one 
grave,  the  other  acute,  which  is  compounded  together 
by  fuch  a proportion  of  each,  as  proves  agreeable  to 
the  ear. 

An  imifon  is  the  firft  confonance,  an  eighth  is  the  2d, 
a fifth  is  the  3d  ; and  then  follow  the  fourth,  with  the 
tliird  and  fixths,  major  and  minor, 

CONSTANT  ^lantlties  are  fuch  as  remain  inva- 
riably the  fame,  while  others  increafe  or  decreafe. 
Thus,  the  diameter  of  a circle  is  a conftant  quantity  ; 
for  it  remains  the  fame  while  the  abfeifles  and  ordinates, 
JOT  the  fines,  tangents,  &c,  are  variable. 

Thefe  are  fometimes  called  given^  or  inijariahk  ovper^ 
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wanent  quantities ; and  in  algebra  it  is  now  ufual  to 
prefent  them  by  the  leading  letters  of  the  alphabet, 
dy  by  Cy  Ccc  ; wIiilc  tfic  variable  ones  are  denoted  by  the 

I ‘Ti  1*  t*  pi‘*c  1?  V Fb  c* 

CONSTEiAaTIONS,  certain  Imaginary  figures 
of  birds,  beafts,  fifties,  and  other  things  in  the  heavens, 
within  which  are  arranged  certain  ftars.  Theie  aflem- 
blages  are  alfo  fometimes  called  afterifms. 

The  ancients  portioned  out  the  firmament  into  feve- 
ral  parts,  or  conftellations  ; reducing  a certain  number 
of  liars  under  the  reprefentation  of  certain  images,  to 
affift  the  imagination  and  memory,  to  conceive  or  re- 
tain their  number,  order,  and  difpofition,  or  even  to 
diftinguiffi  the  virtues  they  attributed  to  them. 

The  divifion  of  the  heavens|{nto  conftellations  is  very 
ancient ; being  known  to  the  moll  carly^  authors,  whether 
focred  or  profane.  In  the  book  of  Job  the  names  of 
fome  of  them  are  mentioned  ; witnefs  that  fublime  ex- 
poftulation,  CanJI  thou  rejlrmn  the  J’weet  influence  of  the 
Pleiades,  or  loofen  the  bands  of  Orion  ? And  the  fame 
niciy  be  obierved  of  the  oldelt  among  the  heathen  writ- 
ers, Plefiod  and  Homer. 

The  divifion  of  the  ancients  took  in  only  the  vifiblc 
firmament,  or  fo  much  as  came  under  their  notice,  as  vi- 
fible  to  the  naked  eye.  The  firft  or  earlieft  of  thefe,  is 
contained  in  the  catalogue  of  Ptolomy,  given  in  the  7th 
book  of  his  Almageft,  prepared,  as  he  affiires  us,  from 
his  own  obfervations,  compared  with  thofe  of  Hippar- 
chus, and  the  other  ancient  aftronomers.  In  this  cata- 
logue Ptolomy  has  formed  48  conftellations.  Of  thefe, 
12  are  about  the  ecliptic,  commonly  called  the  12  figns; 
21  to  the  north  of  it  ; and  15  to  the  fouth.  The  north- 
ern conftellations  are,  the  Little  Bear,  the  G reat  Bear, 
the  Dragon,  Cepheiis,  Bootes,  the  Northern  Crown, 
Hercules,  the  Harp,  the  Swan,  Cafliopeia,  Perfeus, 
Auriga,  Ophiuciis  or  Serpentary,  the  Serpent,  th'^ 
Arrow,  the  Eagle,  the  Dolphin,  the  Horfe,  Pegafiis, 
Andromeda,  and  the  Triangle. 

The  conftellations  about  the  ecliptic  are  Aries,  Tau- 
rus, Gemini,  Cancer,  Leo,  Virgo,  Libra,  Scorpio, 
Sagittarius,  Capricorn,  Aquarius,  and  Pifees  : or  ac-, 
cording  to  the  Englifh  names,  the  Ram,  the  Bull,  the 
Twins,  the  Crab,  the  Lion,  the  Virgin,  the  Balance, 
the  Scorpion,  the  Archer,  the  Goat,  the  Water  bearer, 
and  the  Fifties. 

The  Southern  conftellations  are,  the  Whale,  Orion, 
the  Eridanus,  the  Hare,  the  Great  Dog,  the  Little 
Dog,  the  Ship,  the  Hydra,  the  Cup,  the  Raven,  the 
Centaur,  the  Wolf,  the  Altar,  the  Southern  Crown, 
and  the  Southern  Fiffi. 

The  other  ftars  not  comprehended  under  thefe  con- 
ftellations, yet  vifible  to  the  naked  eye,  the  ancients 
called  informes y ox  fporadesy  fome  of  which  the  miodera 
aftronomers  have  fince  reduced  into  new  figures,  or  con- 
ftellations. Ptolomy  has  fet  down  the  longitude  and 
latitude  of  all  thefe  ftars  to  about  the  vear  of  Chrift 
137,  amounting  to  the  number  of  1023,  viz, 


in  the  northern  conftellations  - - 360 

in  the  zodiacal  conftellations  - - 346 

in  the  fouthern  conftellations  - » 316 


in  all  of  Ptolomy’s  catalogue  - • J022 


Among  the  modern  aftronomers,  Tycho  Brahe  is  the 
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firil  vvlio  detern'iiied,  with  exactnefs,  and  in  confequence 
of  his  own  obfervations,  the  long,  and  lat.  of  the  fixed 
ftars,  out  of  which  he  formed  45  condcllations ; of  thefe, 
4^  v/cre  of  the  old  ones  defcribed  by  Ptolomy,  to  which 
Tycho  added  the  Coma  Berenices,  and  Antinous  ; but 
lie  omits  5 of  the  old  fouthern  condellations,  viz,  the 
Centaur,  the  Wolf,  the  Altar,  the  Southern  Crown, 
and  Southern  FiOn  ; wliich  he  could  not  obierve,  be- 
caufe  of  the  high  northern  latitude  of  Uranibourg. 

After  Tycho,  Bayer  gave  tlie  figures  of  60  con- 
flellations,  very  exaClly  reprefented,  and  v/ith  tables  an- 
nexed, having  added,  to  the  48  old  ones  of  Ptolomy, 
the  following  12  about  the  fouth  pole,  viz,  the  Pea- 
cock, the  Toucan,  the  Crane,  the  Phoenix,  tlie  Dorado, 
the  Flying  Fifh,  the  Hydra,  the  Chameleon,  the  Bee, 
the  Bird  of  Paradife,  the  Triangle,  and  the  Indian. 
Befides  accurately  diftinguilhing  the  relative  fize  and 
the  lituation  of  eveiy  flar,  Bayer  marks  the  liars  in  each 
conftellation  with  the  letters  of  the  Greek  and  Roman 
alphabets,  fetting  the  firfl  letter  oi  to  the  firlt  or  prin- 
cipal Far  in  each  conftellation',  ;5  to  the  2d  in  order, 
y to  the  3d,  and  fo  on  ; a vers'  ufeful  method  of  noting 
and  deferibing  the  ftars,  which  has  been  ufed  by  all  af- 
tronoraers  fince,  and  who  have  farther  enlarged  this  me- 
thod, by  adding  the  ordinal  numbers  i,  2,  3,  iS:c,  to  the 
other  ftars  difeovered  ft  nee  his  time,  when  any  conftel- 
lation contains  more  than  can  be  marked  by  the  two 
alphabets.  The  number  and  order  of  the  ftars,  as  men- 
tioned by  Bayer,  arc, 


of  the  III  magnitude 
of  the  2d  magnitude 
of  the  3d  magnitude 
of  the  4th  magnitude 
of  the  5th  magnitude 
of  the  6tli  magnitude 
of  the  unformed  ftars 


ic/i 

415 

34^ 

341 

326 


in  a 
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After  Bayer,  a catalogue,  wltli  new  conllellations, 
was  publilhed  by  Schiller,  in  1627,  in  a work  called 
Coelum  Stellatum  Chriftianum,  the  Chriftian  Starry 
Heaven,  in  which  he  fubftitutes,  very  improperly,  other 
figures  of  the  conftellations,  and  names,  taken  from  the 
facred  fcnptiires,  inilead  of  the  old  ones. 

In  the  year  1665,  Riccioli  publiHied  his  Aftronomy 
Reformed,  containing  a catalogue  of  the  ftars  in  62 
conftellations,  viz,  the  60  of  Bayer,  with  the  Coma 
Berenices  and  Antinous  of  Tycho.  He  diftributes  the 
ftars  in  all  the  conftellations  into  four  claftes.  In  tlie 
firft  of  thefe  claftes  are  contained  thofe  ftars  determined 
by  his  own  obfervations,  and  thofe  of  Grimaldi.  In  the 
fecond  are  thofe  ftars  which  had  been  afeertained  by 
T^xho  Brahe  and  Kepler.  In  the  3d  are  the  ftars  de- 
termined by  Hipparchus  and  Ptolomy.  And  the  4th 
dais  confif-s  of  thofe  of  the  fouthern  hemu'fphere  difeo- 
vered by  Navigators,  who  have  afeertained  their  places 
in  a more  or  lefs  accurate  manner  ; in  which  lie  has 
marked  the  longitudes  and  latitudes  for  the  year  1700, 
the  period  to  which  he  has  reduced  all  his  obfervations. 
This  catalogue  was  followed  by  a number  ol  celeftial 
fchemes  and  maps  of  the  heavens,  publilhed  in  1673 
Pardies,  who  has  reprefented  very  carefully  all  the  con- 
llellations, with  the  ftars  they  contain.  After  tliis,  Vi- 
VoL.  I. 
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tails  publilhed  a catalogue  of  the  fixed  ftars  in  his  Tables 
of  the  Primum  Mobile,  in  which  their  longitudes  and 
latitudes,  wn'th  the  right-afcenlions  and  declinations  are 
fet  down  for  the  year  1675. 

Some  time  after  this,  Royer  publihed  maps  of  the 
heavens,  reduced  into  4 tables,  with  a catalogue  of  the 
fixed  ftars  for  the  year  1700.  To  the  ftars  marked  by 
Bayer,  lie  a.dds  a number  of  ftars  not  before  feen,  vvitii 
others  taken  from  the  tables  of  Riccioli,  and  not  men- 
tioned by  Bayer  ; he  alfo  forms,  out  of  the  unformed 
ftars,  eleven  other  conllellations.  Five  of  thefe  are  to 
the  north,  and  are  called  the  Girafte,  the  River  Jordan, 
the  River  Tigris,  tlie  Sceptre,  and  the  Flower-de-luce; 
with  6 on  the  louth  part,  which  are  the  Dove,  the 
Unicorn,  the  Crols,  the  Great  Cloud,  the  I^ittle  Cloud, 
and  tlie  Rhomboide.  To  this  work  Royer  has  joined 
the  catalogue  of  the  fouthern  ftars  obferved  by  Dr. 
Halley  at  thailland  of  St.  Helena. 

Flevelius  has  alio  improved  upon  the  labours  of  tliofe 
who  went  before  him,  and  collecled  together  fevcral 
ftars  of  the  before  unformed  clafs  into  fome  new  con- 
ftellations. Thefe  ai'e,  the  Unicorn,  the  Cameloparda* 
lis,  defcribed  by  Bartfehius,  the  Sextant  of  Urania,  the 
Dogs,  the  Little  Lion,  the  Lynx,  the  Fox  and  Goofe, 
the  Sobiefki’k  Crown,  the  Lizard,  the  Little  'Priangle, 
and  the  Cerberus  ; to  which  Gregory  has  added  the 
Ring  and  the  Armilla.  Some  of  thefe  new  conftella- 
tions however  anfwer  to  thofe  of  Rover,  as  the  Came- 
lopardal  to  the  Giraffe,  the  Dogs  to  the  River  Jordan, 
and  the  Fox  to  the  River  Tigris.  The  latitudes  and 
longitudes  are  added  for  the  year  1 700. 

Finally,  Flamlleed  lias  given  a catalogue  of  the  fixed 
flars,  not  only  much  more  corred,  but  much  larger 
than  thofe  of  all  that  went  before  him.  He  has  fet 
down^lie  longitude,  latitude,  right  afcenlion,  and  polar 
diflance  of  2934  ftars,  as  they  were  at  the  beginning  of 
1 690,  all  determined  from  his  own  obfervations.  He 
dillinguilhes  all  the  liars  into  feven  claffes,  or  orders 
of  magnitude,  diftinguilhing  thofe  of  Bayer  by  his 
letters,  and  marking  their  variatiim  in  right  afeenfion, 
for  fliewing  their  fituation  in  the  fucceeding  years.  See 
the  term  Catalogue. 

This  catalogue  was  followed  by  an  Atlas  Cocleftis, 
publilhed  at  I^ondon  in  the  year  1729,  deferibing,  in 
feveral  fchemes,  the  figures  of  the  conftellations  feen  in 
our  hemifphere,  with  tlie  exact  pofition  of  the  fixed  ftars, 
with  refpecl  to  the  circles  of  the  fphere,  as  refulting 
from  the  hill  catalogue  corrected  by  Flamlleed.  And 
Hill  later  obfervations,  made  with  farther  improved  te- 
lefcopep,  have  greatly  enlarged  the  number  and  accura- 
cy of  the  ftars  ; but  the  number  of  the  conftellations 
remains  the  fame  as  above  defcribed,  except  that  an  at- 
tempt has  lately  been  made  by  Dr.  Hill  to  add  to  the 
lift  14  new  ones,  formed  out  of  more  of  the  chillers  of 
unformed  ftars. 

Bdide  the  literal  marks  of  the  ftars  introduced  by 
Bayer,  it  is  ufual  alfo  to  diftiiiguilh  them  by  that  part 
of  the  conftellation  in  wliich  they  are  placed  ; and  many 
of  them  again  have  their  peculiar  names;  as  Arclurus, 
between  the  knees  of  Bootes  ; Gcmina,  or  Lucida,  ia 
the  Corona  Septentrionalis,  or  Northern  Crown  ; Palili- 
tium,  or  Aldebaran,  in  the  Bull’s  eye,  Pleiades  in  his 
neck,  and  Flyades  in  his  forehead  ; Callor  and  Pollux  in 
the  heads  of  Gemini ; Capclla,  with  the  Hoedi  in  the 
U u Ihouldcr 
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(lioukler  of  Auriga 3 Regiiltis,  or  Cor  Ijeoiiis.  tlie  ftice,  Vv’-lien  tlie  fun  lias  attained  Lis  extreme  limit  that- 

Lion’s  Heart  ; Spica  Virginis  in  the  Land,  and  Vindc-  vray,  and  begins  to  return  and  mount  again  to  the 

.T.  , /) — 11 — nrr a ri .. ..  o — 7 * the  character  of  that  aru- 


miatrix  in  the  fLoulder  of  Virgo ; Aiitares.  or  Cor  Scor- 
pionis,  the  Scorpion’s  Heart  ; FomalLaiit,  in  the 


is  obvious  enourL 
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mouth,  of  Pifcis  Aiillralis,  or  Soiitliern  Fidi  ; Regel,  in 
the  foot  of  Orion  ; Sirius,  in  the  luoutli  of  Canis  Ma- 
jor, the  Great  Dog ; Procyon,  in  the  back  of  Canis 
Minor,  the  Little  Dog  ; and  the  Pole  Star,  the  kill  in 
the  tail  ofUrfa  Minor,  the  Little  Bear. 

The  Greek  and  Roman  poets,  from  the  ancient  the- 
ology,  give  wild  and  romantic  fables  about  tlie  origin 
of  the  conilellations,  probably  derived  from  the  hiero- 
glyphics of  the  Egyptians,  and  tranfinitted,  with  feme 
alterations,  from  them  to  the  Greeks,  who  probably 
obfeured  them  greatly  with  their  own  fables.  See 
Hyginus’s  Poeticon  Aftron.  ; Riccioli  Almagelh.  lib. 
6.  cap.  3,4?  5 ; Shelburne’s  Notes  upon  Maiiiliu.s ; 
Bailly’s  Antient  Ailronomy ; and  Gebeliii’s  Monde 
Primitif,  vol.  4 : from  the  whole  of  which  it  is  made 
probable,  that  the  invention  of  the  figiis  of  the  zodiac, 
and  probably  of  moft  of  the  other  conilellations  of  the 
fphere,  is  to  be  aferibed  to  fome  very  ancient  nation, 
inhabiting  the  northern  temperate  zone,  probably  wliat 
is  now  called  Tartary,  or  the  parts  to  the  northward 
of  Perfia  and  China ; and  from  thence  tranfmitted 
through  China,  India,  Babylon,  Arabia,  Egypt, 
Greece,  See. 

It  is  a veiy  probable  conjecture,  that  the  figures  of 
the  figns  in  the  zodiac,  are  deferiptive  of  the  feafons 
of  the  year,  or  months,  in  the  fun’s  path  ; thus,  the 
Bril  fign  Aries,  denotes,  that  about  the  time  when  the 
fun  enters  that  part  of  the  ecliptic,  the  lambs  begin  to 
follow  the  iheep  ; that  on  the  fun’s  approach  to  the  2d 
conflellation,  Taurus,  the  Bull,  is  about  the  time  of  the 
cows  bringing  forth  their  young.  The  third  fign,  now 
Gemini,  was  originally  two  kids,  and  hgnified  the  time 
of  the  goats  bringing  forth  their  young,  which  are 
iifually  two  at  a birth,  while  the  former,  the  fheep  and 
cow,  commonly  produce  only  one.  The  4,th  fign,  Can- 
cer, the  Crab,  an  animal  that  goes  fide-ways  and  back- 
wards, was  placed  at  the  northern  folflice,  the  point 
where  the  fun  begins  to  return  back  again  from  the 
north  to  the  fouthward.  The  5th  fign,  Leo,  the  Ikon, 
as  being  a very  furious  animal,  was  thought  to  denote 
the  heat  and  fury  of  the  burning  fun,  wdien  he  has  left 
Cancer,  and  entered  the  next  lign  Leo.  Tlie  fucceed- 
ing  conitellation,  the  6th  in  order,  received  the  fun  at 
the  time  of  ripening  corn  and  approaching  harvefl ; 
which  was  aptly  exprefed  by  one  of  the  female  reapers, 
with  an  ear  of  corn  in  her  hand  ; viz,  Virgo  the  maid. 
The  ancients  crave  to  the  next  hern  Scorpio,  twm  of  the 
12  divifions  of  the  zodiac:  Autumn,  wdiich  affords  fruits 
in  great  abundance,  affords  the  means  and  caiifes  of 
difeafes,  and  the  fucceeding  time  is  the  moft  nnhea-ltliy 
of  the  year  ; expreffed  bv  tliis  venemous  animal,  here 
fpreading  out  his  long  claws  into  the  one  hgn,  as 
threatening  milchief,  and  in  the  other  brandifhing  his 
tail  to  denote  the  completion  of  it.  The  fall  of  tlie 
leaf  w-as  the  feafen  of  the  ancient  hunting  ; for  which 
reafon  the  liars  which  marked  the  fun’s  place  at  tliis 
fcafon,  into  the  confteilation  Sggittary,  a huntfman  with 
his  arrows  and  his  club,  the  weapons  of  deftrudlion 
for  the  large  creatures  he  purfued.  The  reafon  of  the 
Wild  Goat’s  being  caofen  to  mark  the  fouthern  fol- 


northward; 

mal  being,  tliat  it  is  rnoilly  climbing,  and  afeending 
fome  mountain  as  it  browzes.  There  yet  remain  two 
of  the  fferns  of  the  zodiac  to  be  conffdered  with  regard 
to  their  origin,  viz,  Aquarius  and  Pifees,  As  to  the 
former,  it  is  to  be  conlldcred  that  the  winter  is  a wet 
and  uncomfortable  feafon  ; this  therefore  vras  expreffed 
by  Aquarius,  tlie  figure  of  a man  pouring  out  water 
from  an  urn.  The  lait  of  the  zodiacal  conilellations  was 
Pifees,  a couple  of  iiihcs,  tied  together,  that  had  been 
caught  : The  leflon  was,  the  levere  fea.fon  is  over, 
your  flocks  do  not  yet  yield  their  ftore;  but  the  fea» 
and  rivers  are  open,  and  there  you  may  take  iiffi  ia 
abuiidance. 

Tliroug'h  a vam  and  blind  zeal,  rather  than  through 
any  love  for  the  fcience,  fome  perfons  have  been  moved 
to  alter  either  the  figures  ot  the  conilellations,  or  their 
names.  Thus,  venerable  Bede,  inftead  of  the  profane 
names  and  figures  of  the  twelve  zodiacal  confteliations, 
fubflituted  thofe  of  the  12  apoftles  ; v/hich  example 
was  followed  by  Schiller,  who  completed  the  reforma- 
tion, and  gave  feripture  names  to  all  the  ccnftellations 
in  the  heavens.  Thus,  Aries,  or  the  Rams,  was  changed 
into  Peter  ; Taurus,  or  the  Bull,  into  St.  Andrew  ; An- 
dromeda, into  the  Sepulchre  of  Chrift  ; Lyra,  into  the 
Manger  of  Chriil  ; Hercules,  into  tlie  Magi  coming 
from  the  Eaft  ; the  Great  Dog,  into  David  ; and  fo  on. 
And  Weigelius,  profefibr  of  Mathematics  in  the  uni-- 
verfity  of  Jena,  made  a new'  order  of  conffellations ; 
changing  the  firmament  into  a Cceliim  lieraldiciim;  and 
introducing  the  arms  of  all  the  princes  in  Europe,  by- 
way of  conilellations.  Thus  Urfa  major,  the  Great 
Bear,  he  transformed  into  the  eleph.ant  of  the  kingdom 
of  Denmark  : the  Swan,  into  the  Ruta  with  fwords  of 
the  Houle  or  Saxony  ; Ophiuchus,  into  the  Crofs  cf  Co- 
logne ; the  Triangle,  into  Compafles,  w'hich  he  calls  the 
Symbol  of  Artificers  ; and  the  Pleiades  into  the  Abacus 
Pythagoricus,  which  he  calls  that  of  merchants ; See. 

But  the  more  judicious  among  aftronomers  never  ap- 
proved of  inch  innovations  ; as  they  only  tend  to  in- 
troduce confufion  into  ailronomy.  The  old  conftel- 
iations are  therefore  ftili  retained ; both  becaufe  bet- 
ter could  not  be  fubllituted,  and  likewife  to  keep  up 
the  greater  cQrrefpondence  and  uniformity  between  the 
old  ailronomy  and  the  new.  See  Catalogue. 

CONS'rR.LJC  riON,  in  Geometry,  the  art  or  man- 
ner of  drawing  or  deferibing  a figure,  feheme,  the  lines 
of  a problem,  or  fuch  like. 

Construction  of  Equations^  in  Algebra,  is  .the  find- 
ing the  roots  or  unknown  quantities  of  an  equation,  by 
geometrical  couftruftion  of  right  lines  or  curves  ; or 


the  reducing  given  equations  into  geometrical  figures. 
And  this  is  effecled  by  lines  or  curves  according  to  the 
order  or  rank  of  the  equation. 

The  roots  of  any  equation  may  be  determined,  that 
is,  the  equation  maybe  conitrufled,  by  the  interfedlions 
of  a ftraight  line  with  another  line  or  curve  of  the  fame 
dimenfioiis  as  the  equation  to  be  conilrufled  ; for  the 
roots  of  the  equation  are  the  ordinates  of  the  curve  at 
the  points  of  interfeclicn  with  the  right  line  ; and  it  is 
well  known  that  a curve  may  be  cut  by  a right  line  in 
as  many  points  as  its  dimenfions  anrount  to.  Thus, 

thee, 
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then,  a fimple  equation  will  be  conflrnaed  by  the  in- 
terfeclion  of  one  right  line  with  another  : a quadratic 
equation,  or  an  affedfed  equation  of  the  2d  rank,  by  the 
iiiterfeftions  of  a right  line  witn  a circle,  or  any  of  the 
conic  fe£lions,  which  are  all  lines  of  the^zd  order;  and 
whicn  may  be  cut,  by  the  right  line,  in  two  points, 
thereby  giving  the  two  roots  ot  the  quadratic  equation. 
A cubic  equation  may  be  conftrucled  by  the  iiiterfec- 
tioii  of  the  light  line  vvutli  a line  of  tlie  ^d  order  i and 
fo  on. 

But  if,  inflead  of  the  right  line,  fonie  other  line  of 
a higher  order  be  uiea  ; then  tne  2d  line,  whofe  inter- 
fefiions  with  the  former  are  to  determine  the  roots  of 
the  equation,  may  be  taken  as  many  dimeniions  lower, 
as  the  ft'-rmer  is  taKen  higher.  And,  in  general,  an 
equation  of  any  height  wilfbc  confcrucled  by  the  inter- 
feflions  of  two  lines  wlioie  dimcnhons,  multiplied  to- 
gether, produce  tlie  dunenfic-n  ot  the  given  equation. 
Thus,  the  interfedtions  of  a circle  with  the  conic  fec- 
tions,  or  of  thefe  with  each  other,  \vi!l  conftruft  tlie  bi- 
quadratic equations,  or  thole  of  tlie  4th  power,  be- 
caufe  2 X 2 = 4;  and  the  interfeCtions  of  the  circle 
or  conic  feclions  with  a line  of  the  3d  order,  will  con- 
ftruft  the  equations  of  the  ytli  and  Ctli  power ; and  fo 
on. — For  example. 

To  ccnp.ru6l  a Simple  Equatizn.  I'liis  is  done  by  re- 
folving  the  given  fimple  equation  into  a proportion,  or 
finding  a third  or  4th  proportional,  cxc.  Thus,  i.  If 

the  equation  be  ax  = he  ; then  a \ b ; ; 

the  fourth  proportional  to  «?,  c. 

2.  If  ax  ~ h- ; then  a \b  ; : h 

proportional  to  a and  h. 

3.  If  ax  = — r-; 

Xb  — Cj  it  will  hca  : b c : :b  — c:x=z 
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then,  fincc  ^ c"  ~ h -f  r 
b r.  X h — c 


G 


a fourth  proportional  to  a^h  c and  I —c. 

4.  If  ax  =r  -f-  r- ; then  conllruff 

the  right-angled  tiiangleABC,  whofe 
bafe  is  and  pei-pendicular  is  r,  fo 
fhall  the  fqnare  of  the  hypothenufe 
be  b^  -f  which  call  h'^ ; then  the 

equation  is  ax  — and  a:  = a 

a 

third  proportional  to  a and  h. 

To  c&nfirvM  a ^aadratic  Equation. 

I.  If  it  he  a fimple  quadratic,  it  may  be  reduced 
to  this  ferm  x-  = ah\  and  hence  a \ x i \ x i by 

cr  ah  a mean  proportional  between  a and  1. 

Therefcre  upon  a iliaight  line  take 
AB  = Cy  and  BC  = h ; then  upon 
ttiC  diameter  AC  deferibe  a femi- 
cirele,  and  raife  the  perpendicular 
BD  to  meet  it  in  D ; fo  iliall  Bl) 


D 

* • 

* 

a 

b \ 

A B C 

be  = the  mean  proportional  fought  between  AB  and 
Be,  or  bet  ween  a and  b. 

2.  If  the  quadratic  be  aiTtflcd,  let  it  firft  be 
-^2ax  ~ ; then  form  the  right-angled  triangle 
whofe  bafe  AB  is  a,  and  perpendicular  BC  is  b ; and 
with  the  centre  A and  radius  AC  deferibe  the  femi- 


circle  I)CE  ; fo  fhall  DB  and  BE  be  the  two  roots  of 
the  given  quadratic  equation  x^  -f  zax  = b^. 

3.  If  the  quadratic  be  x^  — 2ax  ~ then  the  con- 
ftruclion  will  be  the  very  fame  as  of  the  precediii  J^  one 
X**  F 2mv  = b^. 


4‘  But  if  the  form  be  2ax  — x"^  — i form  a right- 
angled  triangle  whofe  hypothenufe  FG  is  ay  and  per- 
pendicular GII  is  />  ; then  with  the  radius  FG  and 
centre  F deferibe  a femi-circle  IGK  ; fo  fhall  IFI  and 
FiK  be  tlie  two  roots  of  the  given  equation  zax  — x* 
= b'^y  or  — 2ax  ~ — See  Maclaurin’s  Algebra, 
part  3,  cap.  2,  and  Simpfon’s  Algebra,  pa.  267. 

To  conjlruSt  Cubic  and  Biquadratic  Equations,-—-' 
Thefe  are  conflrucfed  by  the  interfeefions  of  two  conic 
fedlions  ; for  the  equation  w'ill  rife  to  4 dimenfions,  by 
which  arc  determined  the  ordinates  from  the  4 points 
in  which  thefe  conic  feefions  may  cut  one  another  j 
and  the  conic  feftions  may  be  affumed  in  fuch  a man- 
ner, as  to  make  this  equation  coincide  with  any  propofed 
biquadratic  : fo  that  tins  ordinates  from  thefe  4 inter- 
fcdlions  will  be  equal  to  the  roots  of  the  propofed  biqua- 
dratic. Wlien  one  of  the  interfedlions  of  the  conic  fec- 
tion  falls  upon  the  axis,  then  one  of  tlie  ordinates  va- 
nifhes,  and  the  equation,  by  which  thefe  ordinates  are 
determined,  will  then  be  of  3 dimeniions  only',  or  a cu- 
bic ; to  which  any  propofed  cubic  equation  may  be  ac- 
commodated. So  that  the  three  remaining  ordinate*; 
will  be  the  roots  of  that  propofed  cubic.  The  conic 
fections  for  this  purpofe  fiiould  be  fuch  as  are  mod 
eafily  deferibed  ; the  circle  may  be  one,  and  the  pa- 
rabola is  ufually  alfumed  for  the  other. 

Vieta,  in  his  Canonica  Recenlionc  Effeclionum  Geo- 
rnietricarjin,  and  Ghetaldus,  in  his  Opus  Pollhiimum  de 
Refolutione  & Compofitionc  Mathematica,  as  alfo  Des 
Cartes,  in  his  Geometria,  have  fliewn  how  to  con- 
flriift  fimple  and  quadratic  Equations.  Des  Cartes  has 
alfo  fliewn  how  to  conflriidl  cubic  and  biquadratic  equa- 
tions, by  the  interfection  of  a circle  and  a parabola  : 
And  the  fame  has  been  done  more  generally  by'  Baker 
in  his  Cla  vis  Geometrica,  or  Geometrical  Key'.  But  the 
genuine  foundation  of  all  thefe  conflruff ions  was  firft 
laid  and  explained  by  Slufiiis  in  lu’s  Mefolabium,  part  2. 
This  doclrine  is  alfo  pretty  well  handled  by  De  la  Hire, 
in  a fmall  treatife,  called  Ea  Conllruclion  des  Equations 
Analytiques,  aiincxt;d  to  h.is  Conic  Scefions.  Newton, 
at  llie  end  of  his  Algebra,  lias  given  the  conftruction 
of  cubic  and  liiquadralic  equations  mechanically  ; as  alfo 
by  the  conchoid  and  cifibid,  as  well  as  the  conic  fec- 
tions. See  alfo  Dr.  BlalLy’s  Conflniclion  of  Cubic  and 
Biquadratic  Equations;  Colfon’s,  in  the  Philof.  Tranf.  ; 
tlie  Marquis  dc  ITIofpitars  Traite  Analytique  des  Ser. 
tions  Coniqiies  ; Mackuuin’s  Algebra,  part  3,  c.  2 See. 

CONTAlCT,  tlie  relative  Hate  of  two  things  that 
touch  each  other,  but  without  cutting  or  entering  ; 
or  whofe  furfaces  join  to  c'ach  other  witliout  any  in- 
terfiice. 
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, The  contact  of  curve  lines  or  furfaces,  with  cither 
ftraight  or  curved  ones,  is  only  in  points  ; and  yet  thefe 
points  have  different  proportions  to  one  another,  as  is 
fhewn  by  Mr.  Robartes,  in  the  Philof.  Trani.  vol.  27 
pa.  470  ; or  Abr.  vol.  4.  pa.  i. 

Recaufe  few  or  no  furfaces  are  capable  of  touching 
in  all  points,  and  the  cohefion  of  bodies  is  in  proportion 
to  their  contacl,  thofe  bodies  will  adhere  faiteh  to- 
gether, that  are  capable  of  the  greatefc  contact. 

ACT  is  the  opening 
between  a curve  line  and  a tangent 
to  it,  particularly  the  circle  and 
its  tangent ; as  the  angle  formed 
at  A between  BA  and  AC,  at  the 
point  of  conta6l  A. 

It  IS  demonftrated  by  Euclid,  that  the  line  CA  Hand- 
ing perpendicular  to  the  radius  DA,  touches  the  circle 
only  in  one  point  : and  that  no  other  right  line  can  be 
drawn  between  the  tangent  and  the  circle. 

Hence,  the  angle  of  contact  is  lefs  than  any  redfili- 
near  angle  ; and  the  angle  of  the  femi-circle  between 
the  radius  DA  and  the  arch  AB,  is  greater  than  any 
reffilinear  acute  angle. 

This  feeming  paradox  of  Euclid  has  exercifed  the 
wits  of  mathematicians  : it  was  the  fubjedt  of  a long 
controverfy  between  Peletarius  and  Clavius;  the  former 
of  whom  maintained  that  the  angle  of  contaif  is  heter- 
ogeneous to  a redtilinear  one ; as  a line  is  to  a furface  ; 
the  latter  maintained  the  contrary. 

Dr.  Wallis  has  a formal  treatife  on  the  angle  of  con- 
tadt,  and  of  the  femi-circle ; where,  with  other  great 
mathem.aticians,  he  approves  of  the  opinion  of  Peieta- 
ritis. 

CONTENT,  a term  often  ufed  for  the  meafurement 
of  bodies  and  furfaces,  whether  folid  or  fuperficial  ; or. 
the  capacity  of  a velfel  and  the  area  of  a fpace  ; being 
the  quantity  either  of  matter  or  fpace  included  within 
certain  bounds  or  limits. 

CONTIGUITY,  the  relation  of  bodies  touching 
one  another. 

CONTIGUOUS,  a relative  term,  underftood  of 
things  difpofed  fo  near  each  other,  that  they  join  their 
furfaces,  or  touch. 

Contiguous  Angles.^  are  fuch  as  have  one  leg  or 
fide  common  to  each  angle;  and  are  otherwife  called 
adjoining  angles  ; in  contradiftindfion  to  thofe  made  by 
continuing  their  legs  through  the  point  of  contadf, 
which  are  called  oppofite  or  vertical  angles, 

CONTINENT,  a terra  firma,  main-land,  or  a large 
extent  of  country,  not  interrupted  by  leas  : fo  called, 
in  oppofition  to  ifland,  peninfula,  &c. 

The  world  is  idually  divided  into  two  grand  conti- 
nents, the  old  and  the  new : the  old  continent  com- 
prehends Europe,  Afia,  and  Africa  ; the  new,  North 
and  South  America.  Since  the  difcovery  of  New  Hol- 
land and  New  South  W ales,  it  is  a doubt  with  many 
whether  to  call  that  vail  country  an  ifland  or  a continent. 

CONTINGENT  Line,  the  fame  with  tangent  line 
in  Dialling,  being  the  interfedlion  of  the  planes  of  the 
dial  aud  equinoctial,  and  at  right  angles  to  the  fubllilar 
line. 


CONTINUAL  Proportionals,  arc  a ferics  of 
three  or  more  quantities  compared  together,  fo  that  the 
ratio  Is  the  fame  between  every  two  adjacent  terms,  viz 
between  the  ill  and  2d,  the  2d  and  3d,  the  3d  andqth, 
&c.  As  I,  2,  4,  8,  16,  &c,  where  the  terms  continu- 
ally increafe  in  a double  ratio  ; or  12,  4,  j,  where 
the  terms  decreafe  in  a triple  ratio. 

A ferles  of  continual  or  continued  proportionals,  is 
otherwife  called  -d.  progrejfion. 

CONTINUED  ^xantity,  or  Body^  is  that  whofe 
parts  are  joined  and  united  together. 

CONTINUED  ProporiwnyhdaTiX.  in  which  the  con- 
fequent  of  the  lirll  ratio  is  the  fame  with  the  antece- 
dent of  the  fecond ; as  in  thefe,  3 : 6 : 6:12.  Sec 

Continual  Proportion. 

On  the  contrary,  if  the  confequent  of  the  firll  ratio 
be  different  from  the  antecedent  of  the  fecond,  the  pro- 
portion is  called  diferete  : as  3 : 6 : : 4 : 8. 

CONTRA-Harmonical  Proportion^  that  relation 
of  three  terms,  in  which  the  difference  of  the  firll  and 
fecond  is  to  the  difference  of  the  2d  and  3d,  as  the  3d 
is  to  the  firll.  Thus,.^  for  uiiftance,  3,  5,  and  6,  are 
numbers  contra-liarmonically  proportional  ; for  2 • I 
: : 6 : 3. 

CONTRA-Mure,  in  Fortification,  is  a little  wall 
built  before  another  partition  wall,  to  llrengthen  it,  fo 
that  it  may  receive  no  damage  from,  the  adjacent  build- 
ings. 

CONTRATE-Wheel,  is  that  wheel  in  watches 
which  is  next  to  the  crown,  whofe  teeth  and  hoop  lie 
contrary  to  thofe  of  the  other  wheels  ; from  whence 
comes  its  name. 

CONTRAVALL  ATION,/u‘;?(?  gfi  in  Fortification, 
is  a trench,  guarded  with  a parapet ; being  made  by  the 
befiegers,  between  them  and  the  place  belieged,  to  fe- 
cure  themfeives  on  that  lide,  and  Hop  the  faliies  of  the 
garrifon.  It  is  made  without  muhvet-fnot  of  the  town  ; 
fometiines  going  quite  around  it,  and  fometimes  not,  as 
occafion  may  require.  The  befiegers  lie  between  the 
lines  of  circumvallation  and  contravallation  : but  it  is 
now  feldom  ufed. 

CONVERGING  Cur-oes.  See  Curve. 

Converging,  or  Convergent  Lines ^ in  Geometry, 
are  thofe  that  continually  approximate,  or  whofe  dif- 
tance  becomes  continually  lefs  and  lefs  the  farther  the)' 
are  continued,  till  they  meet : in  oppolition  to  duvergent 
lines,  whofe  diftance  becomes  continually  greater. 

Lines  that  converge  tlie  one  way,  diverge  the  other. 

Converging  Rays^  in  Optics,  are  inch  as  incline 
towards  one  another  in  their  paffage,  and  in  Dioptrics, 
are  thofe  rays  which,  in  their  paifage  out  of  one  me- 
dium into  another  of  a different  denfity,  are  refracled 
towards  one  another;  fq  that,  if  far  enough  continued| 
they  will  meet  in  a point  or  focus. 

Converging  Series ^ a feries  of  terms  or  quantities, 
tliat  always  decreafe  the  farther  they  proceed,  or  which 
tend  to  a certain  magnitude  or  limit : in  oppofition  to 
diverging  feries,  or  fuch  as  become  larger  and  larger 
continually.  See  Series. 

CONVERSE.  A propofition  is  faid  to  be  the  con- 
verfe  of  another,  when,  after  drawing  a conclufion  from 
fomething  firll  fuppofed,  we,  return  again,  and,  making 
a fiippofitlon  of  what  had  before  been  conciaded,  draw 
from  thence  as  a conclufion  what  before  was  made  the 
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fuppofition.  Thus,  when  it  is  ruppofed  that  the  two 
iides  of  a triangle  are  equal,  and  thence  demonftrate  or 
conclude  that  the  two  angles  oppolite  to  thofe  fides  are 
equal  alfo  ; then  the  converfe  is  to  fuppofe  that  the  two 
angles  of  a triangle  are  equal,  and  thence  to  prove  or 
conclude  that  the  fides  oppofite  to  thofe  angles  are  alio 
equal. 

Converse  Dlredton^  in  Ailrology,  is  ufed  in  oppo- 
fition  to  dlreB  direction  ; that  is,  by  the  latter  the  pro- 
moter is  carried  to  the  iignihcator,  according  to  the 
order  of  the  figns  ; whereas  by  the  other  it  is  carried 
from  eaft  to  weft,  contrary  to  the  order  of  the  figns. 

CONVERSION,  or  Convertendo,  is  when  there 
are  four  proportionals,  and  it  is  inferred,  that  the  firft 
is  to  its  excefs  above  the  2d,  as  the  third  to  its  excefs 
above  the  4th:  according  to  Euclid,  lib.  5',  def.  17. 
Thus,  if  it  be  - - - 8 : 6 : : 4 : 3, 

then  convertendo,  or  by  converfion,  8 ; 2 : : 4 : i. 
Or  if  there  be  - - a \ b w c 

then  convertendo,  or  by  converfiorr,  a\a  — h \ v c \ c—cL 

CONVEX,  round  or  curved  and  protuberant  out- 
wards, as  the  outfide  of  a globular  body. 

Convex  Lens,  Llirror,  See.  See  Lens,  hfiRROR, 
See. 

CONVEXITY,  the  exterior  or  outward  furfacc  of 
a convex  or  round  body. 

COPERNICAN,  fomething  relating  to  Copernicus. 
As,  the 

Co  PERN  I CAN  Sphere.  See  vSphere. 

CoPF.RNiCAN  is  that  fyftem  of  the  world,  in 

which  It  is  fuppofed  that  the  fun  is  at  reft  in  the  centre, 
and  the  earth  and  planets  all  moving  around  him  in 
their  own  orbits. 

Here  it  is  fuppofed,  that  the  heavens  and  ftars  are 
at  reft  ; and  the  diurnal  motion  which  they  appear  to 
liave,  from  eaft  to  weft,  is  imputed  to  the  earth’s  diurnal 
motion  from  weft  to  eaft. 

This  fyftem  was  maintained  by  many  of  the  an- 
cients ; particularly  Eephantus,  Seleucus,  Ariftar- 
chus,  Philolaus,  Cleanthes  Samius,  Nicetas,  Heraclides 
Ponticus,  Plato,  and  Pythagoras  ; from  the  lall  of 
whom  it  was  anciently  called  the  Pythagoric,  or  Pytha- 
gorean Syftcm. 

This  fyftem  was  alfo  lield  by  Archimedes,  in  his 
book  of  the  number  of  the  Grains  of  Sand  ; but  after 
him  it  became  neglecfted,  and  c\'en  forgotten,  for  manv 
ages  ; till  about  300  years  fmee,  when  Copernicus  re- 
vived it ; from  whom  it  took  the  new  name  ot  the  Co- 
pernican  Syftem.  See  the  next  article. 

COPERNICUS  (Nicholas),  an  eminent  aftrono- 
m.er,  was  born  at  Thorn  in  Prulfia,  January  19,  14^3. 
He  was  inftrucled  in  the  Latin  and  Greek  languages 
at  home ; and  afterward  fent  to  Cracow,  wher.;  he 
ftudied  philofophy,  mathematics,  and  medicine  : though 
Ills  genius  was  naturally  turned  to  mathematics,  which 
he  chiefly  ftudied,  and  purfued  tlirough  all  its  various 
branches. 

He  fet  out  for  Italy  at  23  years  of  age  ; ftopping 
at  Bologna,  that  he  might  converfe  with  the  celebrated 
aftronomer  of  that  place,  Dominic  Maria,  whom  he 
affifted  for  fome  time  in  making  his  obfervatlons.  From 
hence  he  paffed  to  Rome,  where  he  was  prcfently  con- 
fidered  as  not  Inferior  to  the  famous  Regiomontanus. 
I’lere  he  loon  acquired  fo  great  a reputation,  that  he 


was  chofen  profeffor  of  mathematics,  which  he  taught 
there  for  a long  time  with  the  greateft  applaiife  ; and 
here  alfo  he  made  fome  aftronomical  obfervatlons  about 
the  year  1500. 

Afterward,  returning  to  his  own  country,  he  began 
to  apply'  his  fund  of  obfervatlons  and  mathematical 
knowledge,  to  correcting  the  fyftem  of  allronomy  which' 
then  prevailed.  He  fet  about  collecting  all  the  books 
that  had  been  written  by  philofophers  and  aftronomers, 
and  to  examine  all  the  various  hy'pothefes  they  had  in- 
vented for  the  folution  of  the  celeltial  phenomena  ; to 
try  if  a more  fymmetrical  order  and  conllitutlon  of  the 
parts  of  the  world  could  not  be  difeovered,  and  a more 
juft  and  exqiiifite  harmony  in  its  motions  eftablilhcd, 
than  what  the  aftmnomers  of  thofe  times  fo  eafiK'  ad- 
mitted. But  of  all  t’ueir  hypothefes,  none  pleafed  him 
fo  well  as  the  Pvtlumorean,  which  made  the  fun  to  be 
the  centre  of  the  fyftem,  and  fuppofed  the  earth  to" 
move  both  round  the  fun,  and  alfo  round  its  own  axis. 
He  thought  he  dilcerned  much  bcciutiful  order  and  pro- 
portion-in  this ; and  that  all  tlie  embarraffment  and 
perplexity,  from  epicycles  and  excentrics,  which' attend- 
ed tlie  Ptolemaic  hypothefes,  would  here  be  entirely  re- 
moved. 

This  fyftem  lie  began  to  confidcr,  and  to  write  upon, 
when  he  was  about  37  years  of  age.  He  carefully  con- 
templated the  phenomena  ; made  mathematical  calcula- 
tions; examined  the  obfer\ations  of  the  antients,  and 
made  new  ones  of  his  own  ; till,  after  more  than  20 
y'^ears  chiefly  ipent  in  this  manner,  he  brought  his  fcheme 
to  perfection,  cftablilhing  that  fyftem  of  the  world 
which  goes  by  Ids  name,  and  is  now  univerfally  received 
by^  all  philofophers. 

This  fyftem  however  was*  at  flrft  looked  upon  as  a 
moil  dangerous  herefy,  and  his  work  had  long  been’ 
flnlfhed  and  perfected,  before  he  could  be  prevailed  upon  ' 
to  give  it  to  the  world,  being  ftrongly  urged  to  it  by 
his  frle:  '.ds.  At  length  yielding  to  their  intreaties,  it 
was  printed,  and  he  had  but  juft  received  a perfect  copy, 
when  he  died  the  24th  of  May  1543,  at  70- rears  of 
age  ; by  which  it  is  probable  he  was  happilv  relieved 
from  the  Holent  fanatical  perfecutions  of  the  church, 
which  were  but  too  likely  to  follow  the  publication  of 
his  aftronomical  opinions  ; and  which  indeed  was  after- 
ward the  fate  of  Galileo,  for  adopting  and  defe  iding 
them. 

ITe  above  work  of  Copernicus,  firft  printed  at  No- 
rim’oerg  in  folio,  1543,  and  of  which  there  Irave  been 
other  editions  fmee,  is  Intltlcd  De  Re^voliiiiombtis  Orhium 
Ca'leji'rum^  being  a large  body  of  aftronomy,  in  6 books. 

^\'^hen  Rheticus,  the  dllciple  of  our  author,  returned 
cut  of  Prufija,  he  brought  with  him  a tract  of  Coper- 
nicus, on  plane  and  fpherical  trigonometry,  which  he 
had  printed  at  Norimberg,  and  which  contained  a table 
of  fines.  It  was  afterward  printed  at  the  end  of  the 
firft  bock  of  the  Revolutions.  An  edition  of  our  au-  - 
thcr’s  great  work  was  alfo  publlfhed  in  4to  at  Amfter- 
dam  in  1617,  under  tlie  t’tle  AJlronom'ia  lujlaurata, 
illuftrated  ’,vith  notes  by  Nicolas  Muler  of  Groningen. 

COPERNICIRS,  the  name  of  an  aftronomical  inftru- 
ment,  invented  by  Whifton,  to  fhew  the  motion  and 
phenomena  of  the  planets,  both  primary  and  fecondaiy. 
It  is  founded  upon  the  Copernkan  fy'ftem,.anJ  there-, 
fore  called  by  his  uarae. 


CO  a- 


COR 


COR 


r 334  ] 


COR  Caroli,  Charles’s  Heart,  an  extra'-conilellated 
Har  of  the  2d  magnicude  in  the  northern  hemifphere, 
between  the  Coma  Berenices  and  Urfa  Major ; fo 
called  by  Sir  Charles  Scarborough,  in  honour  of  king 
Charles  I. 

Cor  Hydr^,  the  Hydra’s  Heart,  a flar  of  the  2d 
magnitude,  in  the  Heart  of  the  ccnftellation  Hydra. 

Cor  Leon  is,  Lion’s  Heart,  or  Regulus,  a liar  of 
the  ill'll  magnitude  in  the  conilellation  Leo. 

Cor  ScoRPii.  See  Antares. 

CORBEILS,  in  Fortiiication,  are  little  baileets  about 
a foot  and  a half  high,  8 inches  broad  at  the  bottom, 
and  12  at  the  top  ; whicli  being  filed  with  earth,  are 
fet  againil  one  another  on  the  parapet,  or  elfewhere, 
leaving  certain  port-holes,  from  whence  to  fire  under 
cover  upon  the  enemy. 

CORBEL,  in  Architedlure,  the  repreientation  of 
a baflvCt,  fometiines  feen  on  the  heads  of  caryatides. 

CoRBE-L,  or  CoRBiL,  IS  alfo  ufed,  in  Building,  for 
a fiiort  piece  of  timber  placed  in  a v/all,  with  its  end 
projedling  cut  6 or  8 inches,  as  occafion  ferves,  in  the 
manner  of  a fiiouldering-piece. 

CORBET,  tlie  fame  as  Corbel. 

CORDON,  in  Fortification,  a row  of  iloncs  jutting 
out  between  the  rampart  and  the  bafis  of  the  parapet, 
like  the  tore  of  a column.  The  cordon  ranges  round 
the  whole  fortrefs,  and  ferves  to  join  the  rampart,  which 
is  afiope,  and  the  parapet,  whicli  is  perpendicular,  more 
agreeably  together. 

In  foitifications  raifed  of  earth,  this  fpace  is  filled  up 
-tvith  Dointed  flakes,  inllead  of  a cordon. 

CORDS,  in  Mufic,  are  the  founds  produced  by  an 
inflrument  or  the  voice. 

CORIDOR,  or  Corridor,  in  Fortification,  is  the 
covert -way  lying  round  about  the  whole  compafs  of  the 
works  of  a place,  between  the  outiide  of  the  moat  and 
the  paUifadoes,  H-ing  about  20  yards  broad. 

CoRiDOR  is  alfo  ufed,  in  Architefture,  for  a gallery, 
or  long  aile,  around  a building,  leadingto  feveral  cham- 
bers at  a diftance  from  each  other,  fometimes  wholly 
iiiclofed,  and  fometimes  open  on  one  fide. 

CORINTHIAN  Ordcr^  of  Architetture,  is  the  4th 
in  order,  or  the  5th  and  lail  according  to  Scamezzi  and 
Le  Clerc. 

This  order  was  invented  by  an  Athenian  Architefl, 
and  is  the  richeft  and  moft  delicate  of  them  all ; its  ca- 
pital being  adorned  with  rows  of  leaves,  and  of  8 volu- 
tas,  ivhich  fupport  the  abacus.  The  height  of  its  cc- 
Inmn  is  10  diameters,  and  its  cornice  is  fupported  by 
modillions. 

CORNEA  j'L.vkw,  the  fecomi  coat  of  the  eye;  fo 
called  from  its  fubilance  refeirHir.g  the  horn  of  a lan- 
tern, This  is  fitiiated  in  tne  fore-part ; and  is  furround- 
cd  by  the  fclerotica.  It  has  a giuater  convexity  tlian 
the  reft  of  the  eye,  and  is  a portion  of  a Irruill  ip'nere, 
or  luthei"  fplieroid,  anel  confolidates  the  whole  eye. 

CORNICE,  CoRNiGHE,  or  Cornish,  the  third  and 
uppcrmofl  part  of  the  entablature  01  a column,  or  the 
uppermoft  ornament  or  any  wainicotting,  &c„ 

COFvOLLARY,  or  Consectary,  a confequence 
drawn  from  fame  propofition  or  principles  already  ad- 
vanced or  demonfirated,  and  without^  the  aid  of  any 
other  propofition:  as  if  from  this  theorem,  '’I  Lui  a 
triangle  'which  has  two  equal  Jidcs^  hxic  alfo  two  equal 


angles^  this  confequence  fhould  be  drawn,  that  a triangle 
which  hath  the  three  Jldes  equals  has  alfo  its  three  a-nglca 
eauaL 

J. 

CORONA,  or  Crownings  in  Architedlure,  the 

flat  and  mofe  advanced  part  of  the  cornice  ; fo  called, 
becaufe  it  crowns  the  cornice  and  entablature  : by  the 
workmen  it  is  called  the  drip,  as  ferving  by  its  project 
ture  to  fereen  the  reit  of  the  building  from  the  rain. 

CORONA,  in  Optics,  a luminous  circle,  ufually  co- 
loured, round  the  fun,  moon,  or  largeft  planets.  See 
Halo. 

Corona  Borealis ^ or  Septentrionaiis y the  Northern  Crown 
or  Garland^  a conilellation  of  the  nortiiern  hemifphere, 
being  one  of  the  48  old  ones.  It  contains  8 fi.ars  ac- 
cording to  the  catalogue  of  Ptolomy,  Tycho,  and  He- 
velius  ; but  according  to  the  Brit  annic  Catalogue,  21. 

Corona  AipiraliSf  or  Merldianalis-,  the  Southern 
Crown^  a conilellation  of  the  fouthern  hemifphere, 
wdiofe  Ears  in  Rtolbmy’s  catalogue  are  13  ; in  the 
Britilh  Catalogue,  I2. 

CORPUSCLE  the  diminutive  of  corpus,  ufed  to 


exprefs  the  minute  parts,  or  particles,  that  caiiilitute 
natural  bodies  ; meaning  mucli  the  fame  as  atoms, 

Newton  {hews  a method  of  determining  the  fixes  of 
the  corpufcles  of  bodies,  from  their  colours. 

CORPUSCULAR  Philofophy^  that  Iclieme  or  fyf- 
tem  of  phyfics,  in  which  the  phenomena  of  bodies  are 
accounted  for,  from  tlie  motion,  refc,  pofitbn,  of 
the  corpufcles  or  atoms  of  which  bodies  coDuil, 

The  Corpufcular  philoiophy,  which  now  fiourifiieA 
under  the  name  of  the  mecliarficai  philofcphy,  is  very 
ancient.  Leucippus  and  Democritus  taught  it  in 
Greece  ; from  tliem  Epicurus  received  it,  and  improved 
it ; and  from  him  it  was  called  the  Eplcxmcan  Philcfophy, 
Leucippus,  it  is  faid,  received  it  from  one  Mochu;, 
a Phenician  pliifioicgiil,  before  the  time  of  the  Trojan 
rvar,  and  the  find  who  pdiiiofcphized  about  atorr^s  : 
which  Mochus  is,  according  to  the  opinion  of  fom.e,  the- 
Mofes  of  the  Scriptures. 

After  Epicurus,  the  corpufcular  philofophy  gave 
way  to  the  peripatetic,  w'hich  became  the  popular Eyf- 
tem.  Thus,  inllead  of  atoms,  were  introduced  fpeci- 
fic  and  fiibilantial  forms,  qualities,  fympathies,  &c, 
whicli  amufed  the  world,  till  Gaflendus,  Charleton, 
Defcartes,  Boyle,  Ntnvton,  and  others,  retrieved  the 
corpufcularian  hypotliefes  ; which  is  now  become  the 
bafis  of  the  mechanical  and  experimental  philofophy. 

Boyle  reduces  the  principles  of  the  corpufcular  phi  - 
lofophy  to  the  4 following  heads. 

_ That  there  is  but  one  univerfal  kind  of  matter, 
which  is  an  extended,  impenetrable,  and  divifible  fub- 
ftance,  common  to  all  bodies,  and  capable  of  all  firms. 

• — On  this  head,  Newton  finely  remarks  thus  : ‘‘  All 
things  confidered,  it  appears  prob-able  to  me,  that  God 
in  the  beginning  created  matter  in  folid,  hard,  in  pene- 
trable, mLoveable  particles  ; of  fuch  fizes  and  figures, 
and  with  fucli  other  properties,  as  moll  conduced  to 
the  end  for  which  he  formed  them  : and  that  thefe  pri- 
mitive particles,  being  folids,  are  incomparably  harder 
than  any  of  the  fenlible  porous  bodies  compounded  of 
them  ; even  lo  hard  as  never  to  w'car,  or  break  in 
pieces : no  other  power  being  able ' to  divide  what 
God  made  one  in  the  firll  creation.  While  thefe  cor- 
pufcles remain  entire,  they  may  eompofe  bodies  of  one 
3 ~ And 
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and  the  fame  nature  and  texture  in  all  ages:  but  Hiould 
they  \year  away?  or  break  in  pieces,  the  nature  of 
things  depending  on  tliem  would  be  clinnged  : v/ater 
and  earth,  compofed  of  old  worn  paiticles,  of  frag- 
ments of  particles,  would  not  be  of  the  fame  nature 
and  texture  now,  wlih  water  and  earth  compofed  of 
entire  particles  at  the  beginning.  And  therefore,  that 
nature  may  be  lailing,  the  changes  of  corporeal  things 
are  to  be  placed  only  in  the  various  reparations,  and 
new  affociationc,  of  thefe  permanent  corpufcles.” 

2.  That  this  matter,  in  order  to  form  the  vafl  va- 
riety of  natural  bodies,  iruifc  have  motion  in  fome, 
or  ail  its  affignable  par::.  ; and  that  tliis  motion  was 
given  to  matter  by  God,  the  creator  of  all  things  ; 
and  has  all  manner  of  directions  and  tendencies. — 
“ Thefe  corpiifcles,  fays  Newton,  liave  not  only  a vis 
inertiis,  accompanied  with  fuch  paffive  laws  of  motion 
as  naturally  refult  from  that  force  ; but  alfo  are  moved 
by  certain  adlive  principles  ; fuch  as  that  of  gravity,  and 
that  which  caufes  fermentation,  and  the  cohefion  of  bo- 


dies. 


3.  That  matter  mud  alfo  be  adtuallv  divided  into 
parts  ; and  each  of  thefe  primitive  particles,  fragments, 
or  atoms  of  matter,  mud  have  its  proper  magnitude, 
dgure,  and  fhape. 

4.  That  thefe  differently  fized  and  fliaped  particles, 
have  different  orders,  pofitions,  fituations,  and  ])of- 
tures,  from  whence  all  the  variety  of  compound  bodies 
arifes. 

CORRIDOR.  See  Coridor. 

CORVUS,  the  Raven,  a fouthern  condellation, 
fabled  by  the  Greeks,  as  taken  up  to  heaven  by 
Apollo,  to  whom  it  tattled  that  the  beautiful  maid 
Coronis,  the  daugliter  of  Phlegeos,  and  mother  of 
Tfculapius  by  Apollo,  played  the  deity  faife  with 
Ifchys,  under  a tree  upon  which  the  animal  happened 
to  be  perched. 

The  dars  in  this  condellation,  in  Ptolomv’s  and 
Tycho^s  catalogues  are  7 ; but  in  the  Britannic  cata- 
logiie,  9. 

COSECANT,  COSINE,  COTANGENT,  CO- 
VERSED SINE,  are  the  fecant,  fine,  tangent,  and 
verfed  fine  of  the  complement  of  an  arcli  or  angle  ; Co 
being,  in  this  cafe,  a contraction  of  the  word  comple- 
ment, and  was  fird  introduced  by  Gunter. 

COSMICAL  Aspect,  among  adrologers,  is  the 
afpeft  of  a planet  with  rcfpedl  to  the  eartti. 

CosMiCAL  Rr/ing,  or  Setting,  is  faid  of  a dar  when 
it  rifes  or  fets  at  the  fame  time  when  the  fun  rifes. 

But,  according  to  Kepler,  to  rife  or  fet  cofmic.illv, 
is  only  fimply  to  rife  or  fet,  that  is,  to  afeend  above, 
or  defeend  below,  the  horizon  ; as  much  as  to  fay,  to 
rife  or  fet  to  the  world. 

COSMOGONY,  the  fcience  of  the  formation  of 
the  univerfc  ; as  diftinguilhed  from  cofmography,  which 
is  the  fcience  of  the  parts  of  the  univerfc,  fuppofing 
it  formed,  and  in  the  date  as  we  behold  it ; and  from 
cofmology,  which  reafons  011  the  adtiial  and  permanent 
date  of  the  world  as  it  now  is  ; whereas  cofmogony 
xeafons  on  the  \‘anable  date  of  the  world  at  the  time 
of  its  formation. . 

COSMOGRAPHY,  the  defenption  of  the  world  ; 
or  the  art  that  teaches  the  condrudtion,  figure,  difpo- 
fition,  and  relation  of  all  the  parts  of  the  w^uld,  with 


the  manner  of  reprefenting  them  on  a plane.  It  con- 
fids  chiefly  of  tw'o  parts  ; viz,  Ajlronomy,  wdiich  fhews 
the  drufture  of  the  heavens,  wut  lithe  difpontion  of  the 
Ti-ars  ; and  Gcograplv;,  which  fheivs  thoie  of  the  eartluv 
COSMOLOGY,  the  Icience  of  the  world  in  ge- 
neral. 

COSS,  Rule  of,  meant  the  fame  as  Algebra,  by 
which  name  it  was  for  fome  time  called,  when  firit  in- 
troduced into  Europe  througli  the  Italians,  who  named' 
it  Rtgola  de  Cefa,  the  Rule  of  the  thing  ; the  unknown 
quantity,  or  that  which  was  required  in  any  quedion, 
being  called  cofn,  the  thi?lg  ; from  whence  we  have 
Cofs,  and  Coffic  numbers,  &c. 

COTES (Ro  ger),  a very  eminent  mathematician, 
philofopher,  and  adronomer,  was  born  July  ic,  1682, 
at  Burbach  in  Leieederfhire,  where  his  father  Robert 
was  reblor.  Pie  was  firll  placed  at  Leiceder  fchool  ; 
wlierc,  at  1 2 wears  of  aofe,  he  difeovered  a drono;  in- 
clmation  to  the  mathematics.  This  being  obferved 
by  his  uncle,  the  Rev.  Mr.  John  Smith,  he  gave  him 
all  the  encouragement  he  could  ; and  prevailed  on  his 
father  to  fend  him  for  fome  time  to  his  hoiife  in  Lin- 
colnfhire,  tliat  he  might  allld  him  in  thofe  fludies  : and 
here  he  laid  the  foundation  of  that  deep  and  extenlive 
knowledge  in  that  fcience,  for  which  he  wms  afterward 
fo  dcfervedly  famous.  He  w^as  lienee  removed  to  St. 
Paul’s  fchool,  London,  where  he  made  a great  pro- 
grefs  in  clallical  learning  ; and  yet  he  found  fo  much 
leiiure  as  to  fupport  a condant  coiTcfpondence  with  hi« 
uncle,  not  only  in  mathematics,  but  alfo  in  meta- 
phyfics,  pliilolophy,  and  divinity.  His  next  remove 
was  to  Trinity  College  Cambridge,  where  he  took  his 
degrees,  and  became  fello-wu 

Jan.  1706,  he  was  appointed  profeflbr  of  adronomy 
and  experimental  plulolophy,  upon  the  foundation  of 
Dr  Thomas'  Plume,  archdeacon  of  Rochefter  ; being 
the  hrii  that  enjoyed  that  ofhee,  to  which  he  wtir, 
imanimcufly  chofen,  on  account  of  his  high  reputa- 
tion and  merits.  He  entered  into  orders  in  1713  ; and 
the  fame  year,  at  the  defire  of  Dr.  Bentley,  lie  pub- 
liihed  at  Cambridge  the  fecond  edition  of  New^tonL 
Mathematica  Principia ; inferting  all  the  improve- 
ments w'hich  the  autlior  liad  made  to  that  time.  To 
this  edition  he  prefixed  a mod  admirable  preface,  in 
w'hich  he  pointed  out  the  true  method  of  pliilofo- 
phifing,  fhevv’ing  the  foundation  on  which  the  New'- 
tonian  pliilofophy  w'as  railed,  and  refuting  the  objec- 
tions of  the  Cartefiansand  ail  other philofophers  againll 
it. 

The  publication  of  this  edition  of  Newton’s  Prin- 
eipia  added  greatly  to  his  reputation;  iior  was  the 
high  opinion  the  public  now  conceived  of  him  in  the 
lead  diminidied,  but  rather  much  Increafcd,  by  feve- 
ral  productions  of  his  own,  which  afterw^ard  appeared. 
He  gave  in  the  Philof.  TranfadlionvS,  two  papers,  viz, 
I,  Logometria,  in  vol.  29;  and  a Defeription  of  the 
great  fiery  meteor  tluit  was  feen  M^^rch  6,  1716,  in 
voL  31. 

This  extraordinary  genius  in  the  mathematics  died, 
to  the  great  regret  of  the  univerfity,  and  ail  the  lovers 
of  the  fciences,  June  5,  1716,  in  the  very  prime-of 
his  life,  being  not  quite  34  years  of  age. 

Mr.  Cotes  left  behind  him  fome  very  ingenious,  and  . 
indeed  admirable  t rati s,  part  of  which,  with  the  I.o- 
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gometria  above  mentioned,  were  publiflied,  in 
by  Dr.  Robert  Smith,  his  coufm  and  fucceffor  in  his 
profcfTorfhip,  afterward  mafter  of  Trinity  College,  un- 
der the  title  of  Harmonta  Merifurarum^  which  contains 
a number  of  very  ingenious  and  learned  works  : fee 
tlie  Introdu6lion  to  my  Logarithms.  He  wrote  alfo 
a Compendium  of  Arithmetic  : of  the  Refolution  of  Equa- 
tions ; of  Dioptrics  ; and  of  the  Nature  of  Curves.  Be- 
lide  thefe  pieces,  he  drew  up,  in  the  time  of  his  lec- 
tures, a courfe  of  Hydrofatical  and  P neumatical  Eechiresy 
in  Englifh,  which  were  publifhed  alfo  by  Dr.  Smith  in 
8vo,  1737,  and  are  held  in  great  eilimation. 

So  high  an  opinion  had  Sir  Ifaac  Newton  of  our 
author’s  genius,  that  he  ufed  to  fay,  “ If  Cotes  had 
lived,  we  had  known  fomething.” 

COTESIAN  theorem.^  in  Geometry,  an  appellation 
ufed  for  an  elegant  property  of  the  circle  difcovered  by 
Mr.  Cotes.  The  theorem  is  this  : 

If  the  factors  of  the  binomial  -b*  be  required. 


kill  rem.ained  a limitation,  which  was  removed  by  Mr- 
De  Moivre.  Vide  ut  fupra. 

COVERT-AVay,  ill  fortification,  a fpa-ce  of  ground 
level  vhth  the  adjoining  country,  on  the  outer  edge  of 
the  ditch,  ranging  quite  round  all  the  works.  This 
is , othenvife  called  the  corridor^  and  has  a parapet 
with  its  banquette  and  glacis,  which  form  the  height 
of  the  parapet.  It  is  fometimes  alfo  called  the  counter- 
fcarp,  becauie  it  is  on  the  edge  of  the  fcarp. 

One  of  the  greatefl  difficulties  in  a fiege,  is  to  make 
a lodgment  on  the  covert-way  ; becaufe  it  is  ufual 
for  the  befieged  to  palifade  it  along  the  middle,  and 
undermine  it  on  all  fides. 

COVING,  in  Building,  si  when  houfes  are  built 
projecting  over  the  ground  plot,  and  the  turned  pro- 
ject ure  formed  into  an  arch. 

Coving  Cornice^  is  one  that  has  a large  cafemate  or 
hollow  in  it, 

COUNT-Wheel,  is  a wheel  in  the  linking  part  of 


CO 

the  index  c being  an  integer  number.  With  the  cen- 
tre O,  and  radius  AO  = defcribe  a circle,  and  di- 


vide its  circumferance  into  as  many  equal  parts  as  there 
are  units  in  2r,  at  the  points  A,  B,  C,  D,  &c  ; then 
in  the  radius,  produced  if  neceffary,  take  OP  =:  .r, 
and  from  the  point  P,  to  all  the  points  of  diviilon  in 
the  circumference,  draw  the  lines  PA-  PB,  PC,  &c  ; 
fo  fhall  thefe  lines  taken  alternately  be  the  fadlors 
fought  ; viz, 

PB  X PD  X PF  &c  r=  -f 
and  PA  X PC  X PE  &c  — a^  co  viz,  — x’^  or 

— according  as  the  point  P is  within  or  without 
the  circle. 

For  inftance,  if  c"  rr  5,  divide  the  circumference  into 
10  equal  parts,  and  the  point  P being  within  the  circle, 
.then  will  OAS  q.  OPs  = BP  X DP  X FP  x HP  x KP, 
and  OAs~OP5  = APx  CPxEPxGPxTP. 

In  like  manner,  if  r ==:  6,  having  divided  the  cir- 
cumference into  12  equal  parts,  then  will 

OA^  + OP^  = BP  X DP  x FP  X HP  x IvP  x MP, 

OA^-OP^==:AP  x CP  X EP  X GF  X IP  x LP. 

The  demonttration  of  this  theorem  may  be  feen  in 
Dr.  Pemberton’s  Epift.  de  Cotefii  inventis.  See  alio 
Dr.  Smith’s  Theoremata  Logometrica  and  Trigono- 
metrica,  added  to  Coles’s  Harm.  Menf.  pa.  114;  De 
Moivre  Mlfcel.  Analyt.  pa.  17  ; and  Waring’s  Letter 
to  Dr.  Powell,  pa.  39. 

By  means  of  this  theorem,  the  acute  and  elegant 
author  was  enabled  to  make  a farther  progrefs  in  the 
inverfe  method  of  Fluxions,  than  had  been  done  be- 
fore. But  in  the  application  of  his  difcovery  there 


a clock,  moving  round  once  m 12  or  24  hours.  It  is 
fometimes  called  the  locking-o.vheef  becauie  it  has  ufually 
1 1 notches  in  it  at  unequal  diilances  from  one  another, 
to  make  the  clock  krike. 

COUNTER-Approaches,  in  Fortification,  lines 
or  trenches  made  by  the  befieged,  where  they  come  out 
to  attack  the  lines  of  the  befiegers  in  form. 

Counter-Battery,  a battery  railed  to  play  on 
another,  to  difmount  the  guns,  &c. 

Counter-Breast-'Work,  the  fame  as  Faiiffs-Braye.- 

Counter-Forts,  Buttrefesy  or  Spurs,  are  pillars  of 
mafonry  ferving  to  prop  or  fukaiii  walls,  or  terraces, 
fubjedt  to  bulge,  or  be  thrown  down. 

Counter-Fugue,  in  Mufic,  is  when  fugues  pro- 
ceed contrary  to  one  another 

Counter-Guard,  in  Fortification,  a work  com- 
monly ferving  to  cover  a bakion.  It  is  compofed  of 
two  faces,  forming  a falient  angle  before  the  flanked 
angle  of  a bakion. 

Counter-Harmonical.  See  Contra-Harmo* 

NICAL. 

Counter-Mine,  a fubterraneous  paffage,  made  by 
the  befieged,  in  fearch  of  the  enemy’s  mine,  to  give 
air  to  it,  to  take  away  the  powder  ; or  by  any  other 
means  to  frukrate  the  effedt  of  it. 

Counter-Part,  a term  in  Mufic,  only  denoting 
that  one  part  is  oppofite  to  another,  fo,  the  bafs  and 
treble  are  counterparts  to  each  other. 

Counter-Point,  in  Mufic,  the  art  of  compofing 
harmony  ; or  difpofing  and  concerting  feveral  parts  10 
together,  as  that  they  may  make  an  agreeable  whole, 

Counter-Poise,  any  thing  ferving  to  weigh  againk 
another  ; particularly  apiece  of  metal,  ufually  of  brafij 
or  iron,  making  an  appendage  to  the  Roman  fatera, 
or  keel-yard.  It  is  contrived  to  Aide  along  the  beam  ; 
and  from  the  divifion  at  wliicli  it  keeps  the  balance  in 
equilibrio,  the  weight  of  the  body  is  determined.  It 
is  fometimes  called  the  pear,  on  account  of  its  figure  ; 
and  mafs,  by  reafon  of  its  weight. 

Rope-dancers  make  ufe  of  a pole  by  way  of  counter*' 
poife,  to  keep  their  bodies  in  equilibrio. 

COUNTERSCARP,  is  that  fide  of  the  ditch  that 
is  next  the  country  ; or  properly  the  tains  that  fup- 
ports  the  earth  of  the  covert-way  : though  by  this 
word  is  often  underkood  tlie  whole  covert-way,  with 
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its  parapet  and  glacis.  And  fo  it  mull  be  underftood 
when  it  is  faid,  The  enemy  lodged  themfelves  on  the 
coiinterfcarp. 

Counter-  swallows-tail,  is  an  outwork  in  For- 
tification, in  form  of  a fingle  tenaille,  wider  towards 
the  place,  or  at  the  gorge,  tlian  at  the  head,  or  next 
the  country. 

Counter-tenor,  one  of  the  mean  or  middle  parts 
of  mufic  : fo  called,  as  being  oppofite  to  the  tenor. 

COURSE,  in  Navigation,  the  point  of  the  com- 
pafs,  or  horizon,  which  a fiiip  fteers  on  ; or  the  angle 
which  the  rhumb  line  on  which  it  fails  makes  with  the 
meridian  ; being  fometimes  reckoned  in  degrees,  and 
fometimes  hi  points  of  the  compafs. 

When  a fiiip  fails  either  due  north  or  fouth,  fiie  fails 
on  a meridian,  makes  no  departure,  and  her  difiance 
and  difference  of  latitude  are  the  fame. 

When  file  fails  due  eall  or  well,  her  courfe  makes 
right-angles  with  the  meridian,  and  flic  falls  either 
upon  the  equator,  or  a parallel  to  it  j in  which  cafe 
Ihe  makes  no  difference  of  latitude,  but  her  diitance 
and  departure  are  the  fame. 

But  when  the  fhip  fails  between  the  cardinal  points, 
on  a courfe  making  always  the  fame  oblique  angle  with 
the  meridians,  her  path  is  then  the  loxodromic  curve, 
being  a fpiral  cutting  all  the  meridians  in  the  fame 
angle,  and  terminating  in  the  pole. 

COURTAIN.  See  Curtin. 

CRAB,  in  Mechanics,  an  engine  ufed  for  mount- 
ing  guns  on  their  carriages.  See  Gin. 

Crab,  on  fhlp-board,  is  a wooden  pillar,  whofe 
lower  end  is  let  down  through  the  fiiip’s  decks,  and 
refts  upon  a focket  like  the  capftan  ; in  its  upper  end 
are  three  or  four  holes,  at  different  heights,  through 
the  middle  of  it,  above  one  anotlier,  to  receive  long 
bars,  againft  which  men  acl  by  pufiiing  or  thrufling. — 
It  is  employed  to  wind  in  the  cable,  and  for  other 
purpofes  requiring  a great  mechanical  power. 

The  Crab  with  three  claws  is  ufed  to  launch  fiu’ps, 
and  to  heave  them  into  the  dock,  or  off  the  kev. 

CRANE,  a machine  ufed  in  building,  and  in  com- 
merce, for  raifing  large  fiones  and  other  weights. 

M..  PeiTault,  in  his  notes  on  Vitruvius,  makes  the 
crane  the  fame  with  the  corvus,  or  raven,  of  the  an- 
cients. 

The  modern  crane  confifis  of  feveral  members  or 
pieces,  the  principal  of  which  is  a firong  upright  beam, 
or  arbor,  firmly  fixed  in  the  ground,  and  fullained  by 
eight  arms,  coming  from  the  extremities  of  tour  pieces 
of  wood  laid  acrofs,  through  the  middle  of  which  the 
toot  of  the  beam  paffes.  About  the  middle  of  the  ar- 
bor the  arms  meet,  and  are  mortifed  into  it  : its  top 
ends  in  an  iron  pivot,  on  which  is  borne  a tranfverfe 
piece,  advancing  out  to  a good  difiance  like  a crane’s 
neck  ; whence  the  name.  The  middle  and  extremities 
of  this  are  again  fuftained  by  arms  from  the  middle  of 
the  arbor:  and  over  it  comes  a rope,  or  cable,  to  one 
end  of  which  the  weight  is  fixed  ; the  other  is  wound 
about  the  fpindle  of  a wheel,  which,  turned,  draws  the 
rope,  and  that  heaves  up  the  weight  ; to  be  afterwards 
applied  to  any  fide  or  quarter,  by  the  mobility  of  the 
tranfverfe  piece  on  the  pivot. 

Several  improvements  of  this  ufeful  machine  are 
mentioned  in  DefagulieiVs  Exper.  Bhilof.  pa.  178  & 
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feq.  particularly  how  to  prevent  the  inconveniences-, 
arifing  from  fudden  jerks,  as  well  as  to  increafe  its 
force  by  ufing  a double  axis  in  perztrochio,  and  two 
handles. 

The  Crane  is  of  two  kinds  ; in  the  firft  kind,  called' 
the  rat-tailed  crane,  the  whole  machine,  with  the  load,^ 
turns  upon  a firong  axis  : in  the  fecond  kind,  the  gib- 
bet alone  moves  on  its  axis.  See  Uefaguliers,  as  above, 
for  a particular  account  of  the  dilferent  cranes,  and 
of  the  gradual  improvements  they  have  received.  See 
alfo  the  Supplement  to  Fergufon’s  Ledfures,  pa.  5,  &c,/ 
or  Philof.  Tranf.  voL  54>  pa.  24,  for  a defeription  of  a 
new  and  fafe  crane,  with  four  different  powers  adapted 
to  different  weights. 

Crane  is  the  name  of  a foutliern  conffellation.  See 
Grus. 

Crane  is  alfo  a popular  name  for  a fyphon. 

CRANK,  a contrivance  in  machines,  in  manner  of 
an  elbow,  only  of  a fquare  form  ; projedling  out  from, 
an  axis,  or  fpindle  ; and  ferving,  by  its  rotation,  to 
raife  and  fall  the  piftons  of  engines  for  raifing  water,  or 
the  like. 

CRATER,  the  Cup,  a confiellation  in  the  fouthem 
hemlfphere  ; whofe  fiars,  in  Ptolomy’s  catalogue,  are 
7;  in  Tycho’s,  8 ; in  Hevelius’s,  10;  and  in  the 
Britannic  catalogue,  31. 

CREEK,  a part  of  a haven,  where  any  thing  is 
landed  from  the  fea.  It  is  alfo  faid  to  be  a fhore  or 
bank  on  which  the  water  beats,  running  in  a fmall 
channel  from  any  part  of  the  fea. 

CREPUSCULUM,  T'lviltght;  the  time  from  the 
firfi  dawn  or  appearance  of  the  morning,  to  the  rifing 
of  the  fun  ; and  again,  between  the  fetting  of  the  fun, 
and  the  lall  remains  of  day. 

The  Crcpufculum,  or  twilight,  it  is  fuppofed,  ufually 
begins  and  ends  when  the  fun  is  about  18  degrees  be- 
low the  horizon  ; for  then  the  fiars  of  the  6th  mag- 
nitude difappear  in  the  morning,  and  appear  in  the 
evening.  It  is  of  longer  duration  in  the  folftices  than 
in  the  equinoxes,  and  longer  in  an  oblique  fphere,  than 
in  a right  one  ; becaufe,  in  thofe  cafes  the  fun,  by  the 
obliquity  of  his  path,  is  longer  in  afeending  through 
1 8 degrees  of  altitude. 


Twilight  is  occafioned  by  the  fun’s  rays  refraefied  in 
our  atmofphere,  and  refledted  from  the  particles  of  it 
to  the  eye.  For  let  A be  the  place  of  an  obferver  on 
the  earth  ADL,  AB  the  fenfible  horizon,  meeting  in 
B the  circle  CBM  bounding  that  part  of  the  atmo- 
fphere  which  is  capable  of  refradling  and  refledtlng  light 
to  the  eye.  It  is  plain  that  when  'the  fun  is  under  this 
X X horizon, 
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horizon,  no  dirc<rt  rays  can  come  to  the  eye  at  A ; 
but  the  fun  being  in  the  refradled  line  CG,  the  parti- 
cle C Vvill  be  illuminated  by  the  diredl:  rays  of  the  fun  ; 
and  that  particle  may  reflect  thoie  rays  to  A,  where 
they  enter  the  eye  of  the  fpedlator.  And  thus  the 
bm’s  lif/ht  iiluminatino;  an  innumerable  multitude  of 
particles,  may  be  all  reflected  to  the  fpcctator  at  A. — 
From  B draw  BD  touching  the  circle  ADL  in  I)  j 
and  let  the  fun  be  in  the  line  BD  at  S : Then  the  ray 
b B will  be  refleffed  into  BA,  and  will  enter  the  eye, 
becauie  the  angle  of  incidence  DBE  is  equal  to  the 


angle  of  refletflion  ABE  : And  that  will  be  the  firfl 
j’dy  that  reaches  the  eye  in  the  rnorniny,  when  the 
dawning,  begins  ; or  the  lad  that  falls  upon  the  eye 
at  night,  when  the  tvcilight  ends  : for  wlien  the  fun 
goes  lower  down,  the  particles  at  B can  be  no  longer 
iiiuminated. 


Kepler  indeed  auigns  another  caufe  of  the  crepiif- 
cujiim^  viz,  the  luminous  miatter  or  atmofphere  about 
the  fun  ; which,  arifing  near  the  horizon,  in  a circu- 
lar figure,  exhibits  the  crepufculum  ; in  no  wife,  he 
thinks,  owing  to  the  refraftion  of  the  atmofphere. — ■ 
The  fun’s  luminous  atmofphere  indeed,  though  neither 
the  foie  nor  principal  caufe  of  ty/ilight,  may  lengthen 
its  duration,  by  illuminating  our  air,  when  the  fun  is 
too  low  to  reach  it  v/ith  his  ovrn  light.  Gregor.  Aflr. 
lib.  2,  prop.  8. 

The  depth  of  the  fun  hehnv  the  hcrt%ohj  at  the  heglnnlng 
of  the  mornings  or  end  of  the  evenwg  twilight^  is  deter- 
mined in  the  fame  manner  as  the  arch  of  vifion  ; viz, 
by  obferving  the  moment  when  the  air  firft  begins  to 
lliine  in  the  morning,  or  ceafes  to  fhine  in  the  evening 
then  flnding  the  fun’s  place  for  that  moment,  and 
thence  the  time  till  his  rifmg  in  the  horizon,  or  from 
his  fetting  in  it  in  the  evening.  It  is  now  generally 
agreed  that  this  depth  is  about  18  degrees  upon  an 
average. — Alhazen  found  it  to  be  19°  ; Tycho,  17°  ; 
.Rothmann,  24°  ; Stevenius,  18°  ; Caflini,  15°  ; Riccioli, 
in  the  eouinox  in  the  morning'  i6h  in  the  eveninp'  20° 
go'  ; in  the  fummer  folflice  in  the  morning  21°  25',  in. 
the  winter  folflice  in  the  morning  if  if.. 

Nor  is  this  difference  among  the  determinations-  of 
aflronomers  to  be  wondered  at  ; the  caufe  of  the  cre- 
pufciilum  being  inconftant : for,  If  the  exhalations  in 
the  atmofphere  be  either  more  cepiousy  or  higher,  than 
ordinary  ; the  morning  twilight  will  begin  fooner,  and 
the  'evening  hold  longer  than  ordinary  ; for  the  more 
copious  the  exhalations  are,  the  more  rays  will  they 
reflect,  confeqiiently  the  more  will  they  fliiiie ; and  the 
higher  they  are,  the  fooner  will  they  be  illuminated  by 
the  fun.  On  this  account  too,  the  evening  twilight  is 
longer  than  the  morning,  at  the  fame  tiine  of  the  year 
in  the  fame  place.  'Bo  this  it  may  be  added,  that  in 
a deafer  air,  the  refraffion  is  greater ; and  that  not 
only  the  brightnefs  of  the  atmofphere  is  variable,  but 
alfo  its  height  from  the  earth ; and  therefore  the  twi- 
light is  longer  in  hot  weather  than  in  cold,  in  fummer 
than  in  winter,  and  alfo  in  hot  countries  than  in  cold, 
other  circumflanccs  being  tlie  fame.  But  the  chief 
differences  are  owing  to  the  different  fitiiations  of 
places  upon  the  earth,  or  to  the  difference  of  the  fun’s 
place  in  the  heavens.  Thus,  the  twilight  is  Ibngeft  in 
a parallel  fpliere,  and  flicrtefl  in  a right  fphere,  and 
longerto  places  in  an  oblique  fphere  inproportionas  they 


are  nearer  to  one  of  the  poles”;  a cifciimflance  which  af- 
fords relief  to  the  inhabitants  of  the  more  northern  coun- 
tries, in  their  long  winter  nights.  And  the  twilights  arc 
longefl  in  all  places  of  north  latitude,  wdien  the  fun  is  in 
the  tropic  of  cancer ; and  to  thofe  in  fouth  latitude, 
wdien  he  is  in  the  tropic  of  capricorn.  The  time  of  the 
fliortefl  twilight  is  alfo  different  in  different  latitudes  ; 
in  England,  it  is  about  the  beginning  of  October  acd 
of  March,  when  the  fun  is  in  the  figiis  and 
For  the  method  of  determining  it  by  trigonometry, 
fee  Gregor.  Aftron.  lib.  2,prob.  41.  See  alfo  Robert- 
fon’s  Navigation,  book  5,  prob.  12.- — Hence,  when 
the  difference  between  the  fun’s  declination  and  tlie 
depth  of  the  equator  is  lefs  than.  18°,  lo  ti^it  the  fun, 
does  not  defeend  more  than  18°  below'  the  horizon; 
the  crepufculum  wall  continue  the  ^vhole  night,  as  is- 
the  cafe  in  England  from  about  the  2 2,d  of  May  to  the 
2 2d  of  July.  ‘ - 

Given  the  latitude  of  the  place,  and  the  fun* s decUna~ 
tion  ; to  fnd  the  beginning  of  the  morning,  and  end  of  the 
evening  tvuilight. — -In  the  oblique-angled  fpherical  tri- 
angle Z.PS,  are  given  ZP  the  colatitude,  PS  the 
codeclination,  and  ZS  = 108°,  being  the  fiim  of  90° 
the  quadrant  and  18°  the  depreflion  at  the  extremity 
of  the  twilight.  Then,  by  fpherical  tngonom.etr}v 
calculate  the  angle  ZPS  the  hour-angle  from  noon  ; 
which  changed  into  time,  at  the  rate  of  15°  to  the 
hour,  gives  the  time  from  noon  at  the  beginning  or 
end  of  twilight,.  See  Robertfon,  ubi  fupra. 

Of  the  Height  of  the  feiifible  Atmofphere,  as  de- 
termined from  the  duration  of  twilight,  fee  Keil’s 
Aftron.  Ledl.  Ie6t.  20,  pa.  235,  ed.  1721  ; or  Long’s 
Aftron.  vol.  I,  pa.  260  ; where  it  is  determined  that  the 
height  where  the  atmofphere  is  denfe  enough  to  refleft 
the  rays  of  light,  is  about  42  miles. 

Crescent,  the  new'  moon,  wLlch,  as  it  begins  to 
recede  from  the  fun,  fliew's  a fmall'rim  of  light,  ter- 
minating in  horns  or  points,  which  are  flill  increafmg, 
till  it  becomes  full,  and  round  in  the  oppofltion. 

The  term  is  fometimes  alfo  ufed  for  the  fam.e  flgure 
of  the  moon  in  her  wmne,  crdecreafe,  but  improperly; 
both  becaiife  the  horns  are  then  turned  towards  the 
weft,  and  becaufe  the  figure  is  on  the  decreafe  ; the 
crefeent  properly  fignifying  increafe,  from  crefco,  I 
gro'zv. 

CRONICAL.  See  Acronical. 

CRONOS,  a name  given  to  Saturn  by  feme  of  the 
old  aftronomical  WTiters. 

CROSIER,  four  ftars,  in  form  of  a crofs  ; by  the 
help  of  wFich,  thofe  that  fail  in  the  fouthern  heini- 
fphere  find  the  antardtic  pole. 

CROSS,  in  Surveying,  is  an  inftrument  confifting 
of  a brafs  circle,  divided  into  4 equal  parts,  by  twm 
lines  croffing  each  other  in  the  centre.  At  each  extre- 
mity of  thefe  lines  is  fixed  a perpendicular  fight,  w'ith 
fmall  holes  below  each  flit,  for  the  better  difeovering 
of  diftant  objedls.  The  crofs  is  moimted.cn  a ftaff,  or 
ftand,  to  fix  it  in  the  ground,  and  is  very  ufeful  for 
meafuring  fmall  pieces  of  land,  and  taking  offsets,  &c. 

Ex.  Suppofe  it  be  required  to  furvey  the  field 
ABODE  v/ith  the  Crofs.  Meafure  along  the  diagonal 
line  AC,  and  obferve,  with  the  Crofs,  when  you  are 
perpendicularly  oppofite  to  the  corners,  as  at  F,  G,  H, 
and  from  thence  meafure  the  perpendiculars  FE,  GB^ 
c HD, 


C R O 


C R Y 


r JJ9  ] 


|1D.  \Vlien  you  tnink  you  are  nearly  oppofitc  a cor- 
ner, fet  up  the  crofs,  with  one  of  the  bars  or  crofs  lines 
in  the  direction  AC;  then  look  through  the  fights  of 
the  other  crofs  bar  for  the  corner,  as  B ; if  it  be  feen 
tlirough  them,  the  crofs  is  fixed  in  the  right  place  ; if 
not,  take  it  up  and  move  it  backward  or  forward  in  the 
line  AC,  till  the  point  B be  feen  through  thofe  fights; 
and  then  you  have  the  true  pla<?e  of  the  perpendicular. 


CR.O1TSAZ  (John  Peter  de),  a learned  philofo- 
pher  and  mathematician,  was  born  at  Ijaufanne  in 
Switzerland,  April  13,  1663  ; \vhere  he  died  in  1748, 
at  85  years  of  a.gc.  Having  made  great  progrefs  in  ma- 
thematics and  the  philofophy  of  Des  Cartes,  he  travelled 
into  Geneva,  Holland,  and  France.  He  was  fiiccef- 
fjvely  profeffor  in  feveral  iiniverfities  ; and  at  length 
was  chofen  cfovernor  to  Prince  Frederick  of  Helfc- 

O , 

CaiTcl,  nephew  to  the  k'ng  of  Sweden. 

Croufaz  was  author  of  many  works,  in  various 
branches  ; bellcsdettres,  logic,  philofophy,  divinity^ 
'fee,  ; but  the  moft  eiieemed  of  them  are,  i.  Plis 
Imgie  ; the  bell:  edition  of  which  is  that  of  1741,  in  G 
vols.  Svo. — 2.  ATrcatife  on  Beauty. — 3.  A Treatife  on 
Fducation,  2 vols,  lamo. — 4.  A Treatile  on  the  Hu- 
man Underftanding. — 5.  ^Se^"eral  Treatifes  on  Philoio- 
phy  and  Mathematics  ; as  a Treatife  on  hlotion,  fee, 
with  feveral  papers  inferted  in  the  Memoirs  of  the 
French  ^Veademy  of  Sciences. 

CROW,  in  Mechanics,  iin  iron  lever,  made  with  a 
fliarp  point  at  one  end,  and  two  claws  at  the  other  ; 
being  ufed  in  heaving  and  purchafing- great  weights,  occ. 

CROWN,  in  Allronomy,  a name  given  to  two  con- 
flellations,  the  fouthern  and  the  northern. 

Cp.own,  in  Geometry,  a plane  ring  included  be- 
tween two  parallel  or  concentric  peripheries,  of  unequal 
circles. 

Tlie  area  of  this  is  had,  by  multiplying  its  breadth 
by  the  length  of  a middle  periphery,  which  is  an  arith- 
metical mean  between  the  two  peripheries  that  bound 
it ; or  by'  multiplying  half  the  fiiin  of  the  circum+e- 
rcnces  by'  half  the  diflerence  of  the  diameters  ; or  lailly 
by'  multiplying  the  fum  of  the  diameters  by'  the  differ- 
ence of  the  diameters,  and  this  lafl  produdii  by  *7854. 
See  my'  Menfuration,  pa.  148,  2d  ed. 

Crown-P^,  Is  a pod  in  fome  buildings  {landing 
upright  in  the  middle,  between  two  j)rincipal  rafters  ; 
and  from  whicli  proceed  flruts  or  braces  to  the  middle 
of  each  rafter.  It  is  otherwife  called  a hhig-pojl,  or 
khg' s-piere,  or  joggle-piecc. 

Crown-IF/w/,  of  a W"atch,  is  the  upper  wheel  next, 
the  balance,  or  that  which  drives  the  balance. 

CROWN-/Tor/’,  in  Fortilication,  is  an  out-work  run- 
ning into  the  field  ; dcfigned  to  keep  off  the  enemy', 
gain  fome  hill,  or  advantageous  poft,  and  cover  the 
other  works  of  the  place.  It  confifls  of  two  demi-baf- 
tions  at  the  extremities,  and  an  entire  ballion  in  the 
middle,  with  curtains. 

Crowned  /Arw-woH,  is  a Horn-work  with  a crown- 
work  before  it. 

CRYSTALTINE  Humour ^ is  a thick  compafl  hu- 
mour of  the  eye.  In  form  of  a flattifh  convex  lens, 
placed  in  the  middle  of  the  eye,  and  ferving  to  make 
that  refradfion  of  the  rays  of  light  which  is  neceffary  to 
have  them  meet  in  the  retina,  and  form  an  image  there, 
by  which  vifion  may  be  performed. 

Crystalline  Heavens,  In  the  Old  Aflronomy',  two 
orbs  Imagined  between  the  primum  mobile  and  the  fir- 
mament, in  the  Ptolomaic  fy'flem,  which  fuppofed  the 
lieavens  folid,  and  only  fufceptible  of  a fingle  motion. 

King  Alphonfus  of  Arragon,  it  is  faid,  introduced 
the  Cryflalllnes,  to  explain  what  they  called  the  motion 
of  trepidation,  or  tiiuhation. 

The  firft  Cryflalline,  according  to  Regiomontanus, 
X X 2 &c. 


Invention  of  the  Cross,  Invent’io  Criicis,  an  ancient 
feaft,  which  is  Hill  retained  in  our  calendar,  and  folem- 
nized  on  the  3d  of  May',  in  memory'  of  the  finding  of 
the  true  Crofs  of  Chrlft,  deep  in  the  ground,  on  Mount 
Calvary',  by  St.  Helena,  the  motli.T  of  Conflantine  ; 
where  fire  eredlcd  a church  for  the  prefervatlon  of  part 
of  It : the  reft  being  brought  to  Rome,  and  depolited 
in  the  church  of  the  Holy'  Crofs  of  Jerufalem. 

Exaltation  of  the  Cross,  an  ancient  feaft,  held  on  the 
14th  of  September,  In  memory'  of  this,  that  Heraclitus 
reftored  to  Mount  Calvary  the  true  crofs,  in  642,  which 
had  been  carried  off,  14  y'ears  before,  by  Cofrocs  king 
of  Perfia,  upon  his  taking  Jerufalem  from  the  emperor 
Phocas.  This  feaft  is  ftill  retained  in  our  calendar,  on 
Sept.  14,  under  the  denomination  of  Holy  Rood,  or 
Holy  Crofs. 

Cross-Multiplication,  a method  ufed  chiefly  by 
artificers  in  multiplying  feet  and  inches  by'  feet  and 
inches,  cr  the  like  ; fo  called,  becaufe  the  factors  are 
multiplied  crofs-wife,  thus : 

f.  1. 

9 10 

6 8 


^5  6 8 


Cross-Staff,  or  Fore-Staff,  is  a mathematical  in- 
ffrument  of  box,  or  pear  tree,  confifting  of  a fquare 
flaff,  of  about  3 feet  long,  having  each  of  its  faces  di- 
vided like  a line  of  tangents,  and  having  4 crofs  pieces 
t)f  unequal  lengths  to  fit  on  to  the  flaff,  the  halves  of 
thefe  being  as  the  radii  to  the  tangent  lines  on  the  faces 
of  the  flaff. — The  inftrument  was  ufed  in  taking  the  al- 
titudes of  the  celeftial  bodies  at  fca. 
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&c,  ferves  to  accoiint  for  tlie  flow  motion  of  the  Axed 
^flars  ; by  which  they  advance  a degree  in  about  70 
years,  according  to  the  order  of  the  figns,  or  from  well 
to  eaft  ; . which  occafions  a preceffion  of  the  equinox. 
The  2d  ferves  to  account  for  the  motion  of  libration, 
or  trepidation  ; by  which  the  celeftial  fphere  librates 
from  one  pole  towards  the  other,  cauiing  a difference 
in  the  fun’s  greateft'declination. 

CUBATURE,  or  Cubation,  of  a folid,  is  the 
meafuring  the  fpace  contained  in  it,  or  finding  the 
folid  content  of  it,  or  finding  a cube  equal  to  it. 

The  cubature  regards  the  content  of  a body,  as  the 
quadrature  does  the  fuperficies  or  area  of  a figure. 

CUBE,  a regular  or  folid  body,  confifting  of  fix 
equal  fides  or  faces,  which  are  fquares.~A  die  is  a 
fmall  cube. 

It  is  alfo  called  a hexaedron^  becaufe  of  its  fix  fides., 
and  is  the  2d  of  the  five  Platonic  or  Regular  bodies. 

The  cube  is  fuppofed  to  be  generated  by  the  motion 
of  a fquare  plane,  along  a line  equal  and  perpendicular 
to  one  of  its  fid.es. 

‘To  defcrlhe  a Rete^  or  Net ^ for  forming  a cube,  or  with 
which  It  may  he  coocered. — Defcribe  fix  fquares  as  in  the 
annexed  figure,  upon  card  paper,  pafte-board,  or  the 
like,  of  the  fize  of  the  faces  of  the  propofed  cube  ; and 
cut  it  half  through  hy  the  lines  AB,  CD,  EE,  AC, 
BD ; then  fold  up  the  feveral  fquares  till  their  edges 
meet,  and  fo  form  the  cube,  or  a covering  over  one, 
as  in  the  figure  annexed.^ 


To  determine  the  Surface  and  Solidify  of  a Cube 
tiply  one  fide  by  itfelf,  which  will  give  one  fquare  or 
face  ; then  this  mliltiplied  by  6,  the  number  of  faces, 
will  give  the  whole  furface.,  Alfo  multiply  one  fide 
twuce  by  itfelf,  that  is,  cube  it,  and  that  will' be  the 
folid  content. 

Duplication  of  a Cube.  See  Duplication,. 

Cubes,  or  Cubic  Numbers,  are  formed  by  multiply- 
ing any  numbers  twice  by  themfelves.  So  the  cubes 
of  1,2,  3^  h ^ hi  , See,' 

are  1,-8,  27,  64,  125,  216,  &c. 

The  third  differences  of  the  cubes  of  the  natural 
numbers  are  all  equal  to  each  other,  being  the  conftant 
number  6.  For,  let  y3  be  any  three  adjacent 

cubes  in  the  natural  feries  as  above,  that  is,  whofe  roots 
m,  n,  p have  the  common  difference  i ; then  becaufe 
tlieref.  ~ '^m i , 
^=zn-\-i,  theref.  4-  3?^^  4-  3^  -f  i . fo  that 


the  difference  between  the  iff  and  2d,  and  between  the, 
2d  and  3d  cubes,  aix 


n'i  — 7,^3  — - 37772  q,  3^  j 
y)3  — 773  — 3772  3^  j 

and  the  dif.  of  thefe  differences,  is 


:} 


the  I ft  differences  ; 


3 . 72^  ~ -h  3 . n — ra—o^  . ?2  p 222  -f-  I 6 . m + I ,, 
the  2d  difference. 

> ---  - 

In  like  manner  the  next  2d  dif.  is  6.«  + i : hence 


the  dif.  of  thefe  two  2d  diffs.  is  6 . « — m~6,  which  is 
therefore  the  conftant  3d  difference  of  all  the  feries  of 
cubes.  And  hence  that  feries  of  cubes  wdll  be  formed 
by  addition  only,  viz,  adding  ahvays  the  3d  dif.  6 ta. 
find  the  column  or  feries  of  2d  diffs,  then  thefe  add- 
ed always  for  the  iff  diffs,  and  laftly  thefe  always  add- 
ed for  the  cubes  themfelves,  as  below  : 


3d  Difs. 

2d  Difs. 

iff  Difs. 

Cubes. 

6 

6 

I 

0 

6 

12 

7 

I 

6 

18 

19 

S: 

6 

24 

37 

27' 

6 

30 

61 

64, 

6 

36 

91 

125 

6 

42 

127 

216 

6 

48 

169 

343 

Peletarius,  among  various  fpeculations  concerning  fquare 
and  cubic  numbers,,  fliews  that  the  continual  fums  of  tire 
cubic  numbers,  whofe  roots  are  i,  2,  3,  Sec,  form  the 
feries.  of  fquare.s  whofe  roots  are  1,3,  6,  10,  1,5,  21,^. 
Sec. 


Thus,  I:  = l'~  I®,,. 

I-  P 8":  9,=;:.  3®,. 

I + 8 P 27  =:  36  — 6®, 

I p 8 P 27  p 64.=  100  = 10^,  &Ci 

Or,  in  general, 

1 3 -p  23  p 33  p Sec.  to  rd  — i P ,i  P 3 p 4-  --ffi® 
n . n p I . 

It  is  alfo  a pretty  property,  that  any  number,  anch 
the  cube  of  it,  being  divided  by  6,  leave  the  fame  re- 
mainder ; the  feries  of  remainders  being  o,  i,  2,  3,  4,  5,. 
continually  repeated.  Or  that  the  differences  betwmea 
the  numbers  and  their  cubes,  divided  by  6,  leave  always,, 
o remaining  ; and  the  quotients,  wu’th  their  fiicceffive- 
differences,  form  the  feveral  orders  of  figurate  numbers, 
Thus, 


Num. 

Cubes. 

Dds. 

Quot. 

I Dif. 

z Dif., 

I 

I 

0 

0 

0 

0 

2 

8 

6 

I 

' I 

I 

3 

27 

2,4 

4 

3 

2 

4 

64 

60 

10 

6 

3 

5 

125 

120 

2:0 

lO 

4 

6 

216 

210 

35 

15 

5 

7 

343 

336 

5 <5 

21 

6 

The  following  is  a Table  of  the  firff  1000  cubic  numr 
bers». 


TABLE 


CUB 
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CUB 


f 


- • 

T A B 

L E 0 F 

C U 

B E S. 

sfum 

Cubes. 

Vum. 

Cubes  ■ 

Num. 

tubes 

Nurn. 

Cubes 

Num. 

Cubes 

Num. 

Cubes 

I 

I I 

60 

2 I 6000 

119 

1685159 

178 

5639752 

237 

13312053 

296 

25934336 

1 

2 

8 

61 

226981 

120 

1728OCO 

179 

5735339 

238 

13481272 

297 

26198073 

3 

27 

62 

238328 

121 

1771561 

180 

5832000 

239 

13651919 

298 

26463592 

t t 

4 

64 

63 

250047 

12  2 

18  15848 

181 

5929741 

240 

13824000 

299 

26730899 

. 

r 

5 

125 

64 

262 I 44 

123 

1860867 

182 

6028568 

241 

13997521 

3 CO 

27OCOCCO 

♦ , 

*1 

6 

216 

65 

274625 

124 

1906624 

183 

6128487 

242 

14172488 

301 

27270901 

7 

343 

66 

287496 

125 

1953125 

184 

6229504 

243 

14348907 

302 

27543608 

8 

512 

67 

300763 

126 

2000376 

185 

6331625 

244 

14526784 

303 

27818127 

9 

729 

68 

3M432 

127 

2048383 

186 

6434856 

245 

14706125 

304 

28094464 

10 

1000 

69 

328509 

128 

2097152 

187 

6539203 

246 

14886936 

305 

28372625 

1 - 

1 1 

1331 

70 

343000 

1 29 

2 146689 

188 

6644672 

247 

15069223 

306  , 

28652616 

' 

12 

1728 

71 

357911 

130 

2 I97OCO 

189 

6751269 

248 

15252992 

307 

28934443 

13 

2197 

72 

373248 

13^ 

2248091 

190 

68590C0 

249 

15438249 

308 

292 18112 

14 

2744 

73 

389017 

132 

2299968 

191 

6967871 

250 

15625000 

309 

29503629 

15 

3375 

74 

405224 

133 

2352637 

192 

7077888 

251 

15813251 

310 

29791000 

16 

4096  I 

75 

421875 

134 

2406104 

193 

7189057 

252 

16003008 

311 

3008023 1 

17 

4913 

76 

438976 

135  , 

2460375 

194 

7301384 

253 

16194277 

3 1 2 

3°S7I328 

18 

5832 

/ / 

456533 

136 

2515456 

195 

7414875 

254 

16387064 

313 

30664297  ,• 

19 

6859 

7B 

474552 

137 

2571353 

196 

7529536 

255 

16581375 

314 

30959144 

20 

80C0 

79 

493039 

138 

2628072 

197 

7645373 

256 

16777216 

315 

3 >255875 

21 

9261 

80 

512000 

139 

2685619 

198 

7762392 

257 

16974593 

316 

315544^6 

22 

10648 

81 

531441 

140 

2744COO 

199 

7880599 

258 

17173512 

317 

31855013 

23 

12167 

82 

551368 

141 

2803221 

200 

80000C0 

259 

17373979 

318 

32157432 

- 

24 

13824 

83 

571787 

•142 

28632S8 

; 201 

8120601 

260 

17576000 

319 

32461759 

25 

15625 

1 84 

592704 

143 

2924207 

202 

8242408 

261 

17779581 

320 

32768000 

26 

17576 

85 

614125 

144 

2985984 

203 

8365427 

262 

17984728 

321 

33076161 

27 

19685 

86 

636056 

145 

3048625 

204 

8489664 

263 

18191447 

322' 

333^6248 

28 

21952 

87 

658503 

146 

3112136 

205 

8615125 

264 

18399744 

323 

33698267 

■ 29 

24389 

88 

681472 

H7 

3176523 

2c6 

8741816 

265 

18609625 

324 

34012224 

. 30 

27000 

89 

■ 704969 

148 

3241792 

207 

8869743 

266 

1 882 1096 

325 

34328125 

' 

31 

29791 

90 

■ 729000 

149 

33^7949  • 

2C8 

8998912 

267 

19034163 

326 

34645976 

32 

32768 

91 

753571 

150 

33750C0 

209 

9123329 

268 

19248832 

327 

34965783  , 

33 

35937 

92 

778688 

151 

3442951 

2 10 

9261CC0 

269 

19465109 

328 

35287552 

- 34 

39304 

93 

804357 

152 

351 i8c8 

2 1 I 

9393931 

270 

19683000 

329 

35611289 

35 

42875 

94 

830584 

153 

3581577 

2 12 

9528128 

271 

199025 1 1 

330 

3593 70C0 

: 36 

46656 

95 

: 857375 

154 

3652264 

213 

9663597 

272 

20123648 

331 

36264691 

37 

50653 

96 

884736 

155 

. 3723^*75 

214 

9800344 

273 

20346417 

332 

36594368 

« 

38 

54872 

97 

912673 

156 

3796416 

215 

9938375 

274 

20570824 

333 

36926037 

39 

59319 

98 

941 192 

157 

3869893 

216 

1C077696 

275 

20796875 

334 

37259704 

40 

64000 

99 

970299 

158 

3944312 

217 

10218313 

276 

21024576 

335 

37595375 

41 

6892 1 

] 100 

lOOCOCO 

159 

4019679 

2 1 8 

10360232 

277 

21253933 

37933056 

42 

74088 

lOI 

1030301 

160 

4096000 

219 

10503459 

278 

21484952 

337 

38272753 

43 

79507 

102 

1061208 

161 

.4173281 

220 

10648000 

279 

21717639 

338 

38614472 

44 

85184 

103 

1092727 

162 

4251528 

22  1 

10793861 

280 

2 1972OCO 

339 

3895S219 

45 

91125 

1 ^°4 

I 124864 

163 

4330747 

222 

10941048 

281 

22188041 

340 

39304000 

( 

46 

97336 

105 

1157625 

164 

4410944 

223 

1 1089567 

282 

22425768 

341 

39651821 

47 

103823 

106 

I 191016 

165 

4^92125 

224 

11239424 

283 

22665187 

342 

40C01688 

48 

1 10592 

107 

1225043 

166 

4574296 

225 

1 1390625 

284 

22906304 

343 

40353607 

49 

117649 

108 

12597 12 

167 

4657463 

226 

11543176 

285 

23149125 

344 

40707584 

50 

125000 

109 

1295029 

168 

4741632 

227 

11697083 

286 

23393656 

345 

41063625 

51 

1 32-65 1 

1 10 

I33IOOO 

169 

4826809 

228 

11852352 

287 

23639903 

41421736 

52 

140608 

III 

1367631 

170 

4913000 

229 

12008989 

288 

23887872 

347 

41781923 

< 

53 

148877 

1 12 

1404928 

171 

500021 1 

230 

12 1670C0 

289 

24137569 

348 

42144192 

i 54 

157464 

113 

1442897 

172 

5088448 

231 

12326391 

290 

24389000 

349 

42508549 

55 

166375 

114 

1481544 

173 

5177717 

232 

12487168 

291 

24642171 

350 

428750C0 

56 

175616 

115 

1520875 

174 

5268024 

1 233 

12649337 

292 

24897088 

351 

4.3243751 

^ ■ 

.57 

185193 

1 16 

1560896 

175 

5359375 

i 234 

12812904 

293 

25153757 

352 

43614208 

58 

1951 12 

117 

1601613 

176 

5451776 

I 235 

12977875 

294 

25412184 

353 

43986977 

59 

205379 

1 118 

1643032 

177 

5545233 

236 

13144256 

I205 

25<572375 

1.354 

-14361864 

C U B c 342  3 CUB 


N i!  m 

(’uhes 

t 

N u m . 

Cults 

Num. 

1 Cults 

‘ N um 

Cubes 

M l!  >T1 . 

Cu’jes  ■ 

N '.I  m . 

Cubes 

355 

/ 5 

J T 

/ 

72511713 

479 

109902239 

541 

• 17834042! 

603 

219256227 

66  5 

294079625 

35^ 

45118016 

418 

73^434^32 

480 

I 10592000 

542 

I 79220088 

605. 

230348864 

666 

295408296 

357 

45499293 

1 4^9 

73560059 

48 1 

I 11284641 

543 

160103007 

605 

2213-45125 

667 

296740963 

35^ 

45882712 

420 

74088000 

I 48  2 

I 11980168 

544 

160989184 

606 

2225450 i6 

668 

298077632 

359 

46268279 

/j.2l 

1 

7461 846 I 

483 

I 126785S7 

545 

161878625 

607 

223648343 

669 

299418309 

560 

4665 60 CO 

; 422 

75151448 

i 484 

1^3379904 

546 

162771336 

608 

224755712 

670 

300763000 

361 

4704588  I 

A2  2 

756S6967 

1 P.  ~ 

1 4^^ 

I 14084125 

547 

163667323 

609 

225866529 

67 1 

302  111711 

362 

47457928 

424 

76225024 

j 486 

I 14791256 

548 

164566592 

610 

226981000 

672 

305464448 

36.5 

/{'7H521J7 

T / 2 Y / 

425 

76765625 

1 i S' 

1 ^ / 

115701303 

549 

165469149 

61  i 

228099 1 3 1 

^73 

304821217 

3^4 

^8228544 

426 

77308776 

488 

116214272 

550 

166375000 

6 1 2 

229230928 

674 

306182024 

365 

4-862'“'  1 2 C 

i 1 / -/ 

427 

77^0-44-^3 

489 

I 16930169 

55 » 

16728415 I 

6 ! Q 

•y 

230346397 

675 

307546875 

■ 3^^ 

49027896 

428 

78402752 

490 

I 17649000 

552 

168196608 

6 J 4 

23H75544 

676 

308.7.15776 

367 

49430S63 

1 429 

789535S9 

491 

118370771 

553 

1691 12377 

615 

233608375 

6'-'- 

3I02S8733 

368 

4 08  26022 

t ^ kJ 

430 

79507000 

1 492 

I 19095488 

, 554 

17003 1464 

6 1 6 

233744896 

.678 

311663752 

j 369 

50243409 

43' 

80062991 

493 

I 19823157 

555 

170953875 

617 

234885113 

679 

313046839 

1 370 

5065 3 cco 

1 432 

8062 1568 

494 

120553784 

556 

171879616 

6 ! 8 

236629032 

680 

314432000 

1 371 

510648 1 1 

433 

81182737 

495 

121287375 

5'57 

172808693 

6 i 9 

2371 76659 

(iSi 

315821241 

372 

51478848 

1 434 

81746504 

496 

122023936 

558 

173741 I 12 

620 

238328000 

682 

317214568 

^ 373 

51895117 

435 

82  21 287  cr 

497 

122763473 

559 

174676879 

62  i 

239483061- 

68:; 

31S61 1987 

■ 374 

5 2 3 1 3 6 2 4. 

436 

82881856 

498 

^23505992 

560 

175616000 

622 

240641848 

684 

32COI3504 

375 

5^1  mis 

437 

^''>3453-1 53 

499 

• 124251499 

£“6  [ 
u 

176558481 

623 

241S04367 

6S5 

321419125 

, 376 

53^5737^> 

438 

84027672 

500 

I250OOOCO 

562 

177504328 

624 

242970624 

686 

322828856 

377 

53582633 

439 

846045 1 9 

501 

12575150I 

563 

^ 7^53547 

625 

244140625 

687 

324242703 

378 

540 I 01 52 

42fo 

85 1 84000 

502 

126506008 

564 

179406144 

626 

245354376 

688 

325660672 

379 

54439939 

4.]- 1 

8576612 ! 

503 

127263527 

565 

180362125 

627 

246491883 

689 

327082769 

380 

54872000 

442 

86350888 

504 

128024064 

566 

181321496 

628 

247673 >52 

690 

328509CCO 

381 

5330(5341 

443 

86938307 

505 

128787625 

567 

182284263 

629 

248858 1 89 

691 

329939371 

J 3^^ 

55742968 

444 

8752S384 

1 506 

T 295542 16 

568 

183250432 

630 

250047000 

692 

33^3738^8 

1 383 

56181887 

445 

88i2  1 125 

507 

I30323B43 

569 

184220Q09 

631 

251239591 

693 

3328>2SS7 

384 

56623 104 

44^^ 

88716536 

508 

131096512 

570 

185193000 

632 

252435968 

694 

3342553X4 

, 385 

57066625 

447 

89314623 

509 

131872229 

571 

18616941 1 

<>33 

253636137 

695 

335702375 

386 

57512456 

448 

89915392 

510 

132651000 

572 

187149248 

(>34 

274840104 

696 

337153536 

387 

57960603 

449 

905 18849 

511 

133432831 

573 

188 132517 

635 

256047875 

697 

338608873 

388 

5841 1072 

450 

9 1 1 25000 

512 

134217728 

574 

189 1 19224 

636 

257259456 

698 

340068392 

389 

58863869 

451 

9^733851 

513 

135005697 

575 

1901C9375 

97 

258474853 

699 

341532099 

390 

593190C0 

452 

92345408 

514 

^3579-744 

576 

191102976 

259694072 

700 

343CCOOCO 

391 

59776471 

453 

92959677 

515 

136590875 

577 

192 1C0033 

(>39 

2609171 19 

701 

344472IOI 

392 

60236288 

454 

93576664 

516 

137388096 

578 

193 100552 

640 

262144000 

702 

345948008 

393 

60698457 

455 

94! 963 7 5 

517 

138188413 

579 

1 94 1 04539 

641 

263374721 

703 

347428927 

394 

61 162984 

456 

94818816 

518 

138991832 

580 

195 1 I2COO 

642 

264609288 

704- 

348913664 

395 

61629875 

457 

95443993 

519 

139798359 

58 1 

196122941 

>543 

265847707 

705 

350402625 

396 

62099136 

458 

96071912 

520 

140608000 

582 

>97137368 

644 

267089984 

706  ' 

351895816 

397 

62570773 

459 

967C23''79 

521 

141420761 

5*^3 

198155287 

645 

268336125 

707 

353393^43 

398 

63044792 

460 

973360C0 

522 

142236648 

584 

199 1 76704 

646 

269586136 

708 

354894912 

399 

63521 199 

461 

979721B1 

523 

143055667 

585 

200201625 

647 

270840023 

709 

3 56400829 

400 

64000000 

462 

98611 128 

524 

143877824 

586 

201230056 

648 

272097792 

710 

357911000 

401 

6448 120! 

463 

992528471 

525 

144703 1 25 

587 

202262003 

649 

273359449 

711 

359425431 

, 402 

64964808 

464 

99897344 

526 

145531576 

588 

203297472 

670 

274625000 

7 1 2 

360944128 

403 

65450827 

465 

100544625 

527 

146363183 

589 

204336469 

651 

275894455 

753 

362467097 

404 

65939264 

466 

loi 194696 

528 

147197952 

590 

205379000 

652 

277167808 

754 

3^3994344 

405 

66430125 

467 

101847563 

529 

148035889 

59' 

20642507 1 

453 

278445077 

715 

365525^75 

406 

66923416 

468 

102503232 

530 

148877000 

592 

207474688 

654 

279726264 

716 

367061696 

407 

67419143 

469 

103 i6i 709 

53^ 

14972 129 J 

593 

2085.27857 

655 

28101 1375 

717 

368601813 

408 

6791 1312 

470 

103823000 

532 

150568768 

594 

209584584 

656 

282300416 

718 

370146232 

409 

68417929 

471 

10448711 1 

533 

151419437 

595 

210644875 

657 

283593393 

719 

371694959 

410 

6892 ICOO 

472 

105154048 

534 

152273304 

596 

21 1708736 

658 

284890312 

720 

373248GCO 

411 

69426531 

473 

105823817 

535 

'53 >30375 

597 

212776173 

659 

286191179 

72 1 

374805361 

412 

69934528 

474 

106496424 

536 

153990656 

598 

213847 192 

660 

287496000 

722 

376367048 

4^3 

70444997 

475 

107171875 

537 

>54854153 

599 

21492 1 799 

661 

288804781 

723 

377933067 

414 

70957944 

476 

107850176 

538 

155720872 

600 

2 I 6000000 

662 

290117528 

724 

379503424 

415 

71473375 

477 

108531333 

539 

I 565908  IQ 

601 

217081801 

663 

291434247 

725 

381078125 

1 416 

71991296  1 

478 1 

109215352 

540 1 

0 

0 

0 

602  1 

00 

0 

00 

1— 1 

664  J 

292754944 

726 

382657176 

CUB  [ 343  ] CUB 


-NTum 

Cubes. 

Num. 

Cubes. 

N'um. 

Cubes. 

Num. 

Cubes. 

Num. 

Cubes. 

727 

384240983 

782 

478211768 

837 

5S6376253 

892 

7097322S8 

947 

849278123 

728 

385828392 

783 

480048687 

838 

588480472 

893 

712121957 

918 

8519,71392 

729 

387420489 

784 

481890304 

839 

590589719 

894 

714516984 

949 

B 5 4^ 70349 

73^ 

3890 1 7os:o 

78.3 

48 3 73662 5 

84b 

592704000 

895 

716917375 

9)0 

857375000 

73 1 

3906 1 789 1 

7S6 

485587656 

841 

594823321 

896 

71932313^ 

95* 

86008535  I 

732 

392223  i(:8 

7S7 

487443403 

842 

596947688  ' 

897 

72>734’7.3 

952 

S62S01408 

733 

393832837 

78S 

489303872 

S43 

599077107 

898 

724150792 

953 

865523177 

• 734 

39^446904 

789 

49  I 1 69069 

844 

601211584 

899 

726572699 

954 

86S250664 

73  3 

397065375 

790 

493039OCO 

845 

603351125 

900 

729000000 

955 

870983875 

736 

3986S8256 

79' 

494913671 

846 

^0549)73^' 

901 

73'43^-70' 

. 95^^ 

8737228  16 

737 

4003' 5553 

792 

49679308S 

847 

607645423 

902 

733870808 

957 

876467493 

738 

40194.7272 

793 

49S677257 

848 

609800192 

903 

73^1*314327 

958 

879217912 

739 

403 5^34 ‘9 

794 

500566184 

849 

6 1 1 960049 

904 

738763264 

959 

881974079 

740 

40522400c 

795 

502459S75 

850 

6141 25000 

905 

7412 [7625 

9&0 

8847  36000 

741 

40686902 1 

796 

504358336 

851 

61629505 1 

906 

743^774'^ 

96 1 

887503681 

742 

40851 84S8 

797 

506261573 

852 

6 1 8470208 

907 

746142643 

962 

890277 128 

743 

410J72407 

798 

508169592 

S53 

620650477 

908 

7486133*2 

963 

893056347- 

744 

411830784 

799 

5IOOB2399 

854 

622835864 

909 

751089129 

96..1 

B95B4*344 

745 

413493^^25 

Sco 

5 I 2OCO0OO 

855 

625026375 

9 I 0 

753571000 

965 

89863212  5 

746 

4'  5 1^^093^ 

801 

5139224OI 

856 

627222016 

9II 

756058031 

966 

901428696 

747 

416S32723 

802 

51 584960S 

Q r- 
/ 

629422793 

912 

,758550528 

967 

904231063 

748 

4 18508992 

803 

517781627 

858 

631628712 

9*3 

761048497 

968 

9070392.32 

749 

420189749 

804 

519718464 

859 

(>33839779 

914 

7^^355  *944 

969 

909853209 

750 

42  1875000 

805 

52 1660125 

860 

636056000 

9*5 

766060875 

970 

912673000 

75' 

423)6475’ 

806 

523606616 

861 

638277381 

916 

768575296 

97  * 

91 54986 1 1 

752 

425259008 

So** 

525557943 

862 

640503928 

917 

77*095213 

972 

91833C04S 

753 

4269577-7 

808 

527514112 

863 

642735647 

9 1 8 

773620632 

9'3 

921 167317 

754 

42856 1064 

809 

529475129 

864 

^4497-544 

919 

776151559 

974 

924010424 

755 

430368875 

8 1 0 

^31441000 

865 

64721462  5 

920 

77S688000 

975 

926859375 

756 

432081 216 

81 1 

53.54"73' 

866 

649461896 

921 

78 122996 1 

976 

929714176 

757 

433798093 

812 

S35387328 

865 

551714363 

922 

7B377744B 

977 

93257483.) ; 

758 

4355^95'^ 

8’3 

53736^797 

86S 

653972032 

9-3 

786330467 

978 

95544*352  I 

759 

4.372454:9 

814 

;393)'3'44 

869 

656234909 

9-4 

788889024 

979 

93^3*3739; 

760 

4389760C0 

815 

54'343375 

870 

658503000 

9-5 

791453125 

980 

941 192C00 

761 

4407 1 J08 I 

816 

543338496 

87  I 

6607763  1 1 

926 

794022776 

98 1 

944076141 

762 

442450728 

817 

345.338513 

872 

663054848 

927 

796597983 

982 

946966168 

7^3 

444194947 

818 

547343432 

873 

665338617 

928 

799178752 

9^5 

949862087 

764 

445943744 

819 

549353259 

874 

667627624 

929 

801765089 

984 

952763904 

765 

447697125 

820 

55 13680C0 

87s 

669921875 

930 

804357000 

985 

955671625 

766 

44945509^ 

821 

553387661 

876 

672221376 

931 

806954491 

9S6 

9^8585  256' 

767 

451217663 

822 

555412248 

B77 

674526133 

932 

409357568 

987 

961 504803 

768 

452984832 

823 

557441767 

87B 

676836152 

933 

8 1 2 16*^2  37 

988 

964430272 

769 

454756609 

824 

559476224 

879 

679151459 

934 

8 145  80 5 04 

9S9 

967361669 

770 

456533000 

82  5 

561515625 

880 

681472000 

93  5 

817400375 

990 

970299000 

771 

458314011 

826 

563559976 

881 

683797841 

93^ 

S2002  58  56 

9Q I 

973242271 

772. 

460099648 

B27 

565609283 

882 

686 128968 

937 

82265695 ] 

992 

976191488 

773 

461889917 

828 

567663552 

883 

688  [65387 

938 

825293672 

993 

979146657  ■ 

774 

,63684824 

829 

5607-2789 

884 

690807 104 

939 

827756019 

994 

982107784 

775 

465484375 

830 

571 787000 

88s 

693154125 

940 

830584000 

99; 

985074875 

77'’ 

467288576 

831 

573856191 

886 

695506456 

94' 

833237621 

996 

988047936 

777 

469097433 

832 

5:'593^36S 

8S7 

697864103 

942 

B35896888 

997 

991026973 

778 

4'09io95. 

578009537 

888 

700227072 

943 

838561807 

99S 

99  |Oi 1992 

779 

472729139 

854 

58009370^ 

889 

702595369 

944 

^4*232584 

999 

997C02999 

780 

474552000 

835 

582182875 

890 

704969000 

94  5 

843908625 

1000 

1 oocoooooo 

781 

476379541 

836 

584277056 

891 

70734797* 

946 

846590536 

CUB 


CUB 
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Th  Cu  he  of  a BmomiaU  is  equal  to  tlie  cubes  of  tlie 
two  parts  or  members,  together  with  triple  of  the  two 
paralielopipedons  under  each  part  and  the  fquare  of  the 
other  ; viz,  a + '^aP-b  + '^ah^  And 

hence  the  common  method  of  extracting  the  cube 
root. 

Cubic  Equations^  are  thofe  in  which  the  unknown 
quantities  rife  to  three  dimenfions  ; as  ~a^ 
or  -f-  ax^  or  x'=>  + "i’'  bx  =z  c,  &c. 

All  cubic  equations  map  b'e  reduced  to  this  form, 
px  =2  q \ viz,  by  taking  away  the  2d  term. 

All  cubic  equations  have  three  roots  ; which  are 
either  all  real,  or  elfe  one  only  is  real,  and  the  other  two 
imaginary  ; for  all  roots  become  imaginary  by  pairs. 

But  the  nature  of  the  roots  as  to  real  and  imaginary, 
is  known  partly  from  the  fign  of  the  co-elFicient  p,  and 
partly  from  the  relation  between  p and  q : for  the 
equation  has  always  two  imaginary  roots  when  p is  po- 
fitive  ; it  has  alfo  two  imaginary  roots  when  p is  nega- 
tive, provided  fp\^  is  lefs  or  lefs  than  27^^; 

otherwife  the  roots  are  all  real,  namely,  vrhenever  p 
is  negative,  and  qp^  either  equal  to,  or  greater  than 
2qq^. 

Every  cfubic  equation  of  the  above  form,  viz,  want- 
ing the  2d  term,  has  both  pofitive  and  negative  roots, 
and  the  greatell  root  is  always  equal  to  the  fum  of  the 
two  lefs  roots  ; viz,  either  one  pofitive  root  equal  to’ 
the  ium  of  the  two  negative  ones,  or  elfe  one  negative 
root  equal  to  the  fum  of  two  fmaller  and  pofitive  ones. 
And  the  fign  of  the  greateft,  or  fingle  root,  is  pofitive 
or  negative,  according  as  q is  pofitive  or  negative  when 
it  ftands  on  the  right-hand  fide  of  the  equation,  thus 
px  q ; and  the  two  fmaller  roots  have  always 
the  contrary  fign  to  q. 

So  that,  in  general,  the  fign  of  p determines  the  na- 
ture of  the  roots,  as  to  real  and  imaginary  ; and  the 
fign  of  q determines  the  affedtion  of  the  roots,  as  to 
pofitive  and  negative.  See  my  Tradl  on  Cubic  Equa- 
tions in  the  Philo f.  Tranf.  for  1780. 

“To  fnd  the  Values  of  the  Roots  of  Cubic  Equations, 
Having  reduced  the  equation  to  this  form  x^  -\-p^~q-> 
its  root  may  be  found  in  various  ways  ; the  firff  of 
thefe,  is  that  which  is  called  Cardan’s  Rule,  by  whom 
it  was  firft  publifhed,  but  invented  by  Ferreus  and  Tar- 
talea.  See  Algebra.  The  rule  is  this : Put  a — |p, 
and  h = \q  ; then  is  Cardan’s  root 

K -=2  b -\~  ^/ b'^  d ^ h — • (E  y or  if  there 

be  put  s = b-i-  f b'^-\-  aPy  and  d — b ■ 

then  s -{■  d 22=  Xy  the  ift  or  Cardan’s  root, 


alfo  — 


and 


4-  d 
2 

j -p  r/ 


4 y'  — 3 is  the  2d  root. 


d 


^^“3  is  the  3d  root. 


2 2 

Now  the  firft  of  thefe,  or  Cardan’s  root,  is  always  a 
real  root,  though  it  15  not  always  the  greateft  root,  as 
it  has  been  commonly  miflaken  for.  And  yet  this  rule 
always  exhibits  the  root  ' in  the  form  of  an  imaginary 
quantity  when  the  equation  has  no  imaginary  roots  at 
all  ; but  in  the  form  of  a real  quantity  when  the  equa- 
tion has  two  imaginary  roots.  See  the  reafon  of  this 
explained  in  my  Trad;  above  cited,  pa.  407.  As  to 
6 


the  other  two  roots,  viz 


though, 

in  their  general  form,  they  have  an  imaginary  appear- 
ance ; yet,  by  fubftituting  certain  particular  numbers, 
they  come  out  in  a real  form  in  all  fuch  cafes  as  they 
ought  to  be  fo. 

But,  after  the  firfl  root  is  found,  by  Cardan’s  rule, 
the  other  two  roots  may  be  found,  or  exhibited,  in  fe- 
veral  other  different  ways ; fome  of  wTich  are  as  fol- 
low : 

Let  r denote  the  iff,  or  Cardan’s  root, 

and  n)  and  <w  the  other  two,  roots  : 
then  is  t:;  4~  w = r,  and  vavr  = q ; 
and  the  refolution  of  thefe  two  equations  will  give  the 
other  two  roots  no  and  av. 

Or  refolve  the  quadratic  equation  4-  rx  4-  ■\-p  — o, 
and  its  two  roots  will  be  thofe  fought. 

Or  the  fame  two  roots  will  be 


cither 


or 


Ir 


+ ^ 
' 2 


Vpy- 

J r-  - 


39 


and 


and 


5 


c 

s/ 


T — 


A! 


or 


c: 


Ex.  I. 

q 


47 


and 


V 4 — 125 

"24-  y'- 
therefore  ? 
s d 

.4- 


T T / 4? 

If  the  equation  be  x"^  — ly.v  q : here  p = 

hence  4-  ^ 

v: 


4> 


a = 


5.  h 


V — I2I  rr  1 1 y 

d—^/  2 — 


I,  j- 


- 1 , and 
'2=:zc-pd—/0fy  the  iff  root  5 and 
s — d 

— “V'~3  = ““2 


2 4-  y — 121 
y — 121  =2  — s/  —t  • 


4: 


here 


✓4-. 


2 

roots. 

Ex.  2.  If 

therefore  ^ b'^  -p 

2-1-2^  — I = — I 4- >/  — I, 
= — I — y'  — I ; hence  then  r 
firff  root ; and  i dr 
If  4-  18 

•.v'  • 

then 

3 


/3,  the  other  two 


—2y  and  h — 

- V -d  — 2y'  - T, 


C3 


&Ccl=.V  2—2»/—i 
2=  s d=2:  — 2j  the 
the  other  two  roots. 

Ex,  3.  If  4-  I 8a:  — 6 : here  a ~ 6,  and  ^ = 3 
(^^4-^3  — \/ 94-21622:^225  = 15,  j-  = /^34-i5 
= ^ 1 8,  and  d=22\^  3 — 15  = 4^  — I2  = --^I2:  there- 
fore r = s 4-  ^18  --  %/ 12  = ’33i3i3,  the  iff  root, 


and 


^i8  — ^i2_^V'i84--v/i2 


■y"  — 3 are  the  two 


other  roots. 

2.  Another  method  for  the  roots  of  the  equation 
-\-px  = qy  is  by  means  of  infinite  feries,  as  fhewn  at 
pa.  415  and  feq.  of  my  Traff:  above  cited;  wlience  it 
appears  that  the  roots  are  exhibited  in  various  forms  of 
feries  as  follow 


h X 


for  the  iff  root,  and 
b X 


X 


yh- 

for  the  two 


VIZ, 

1 

2 .5  .Sr'*- 

3.6^"' 

3 . 6 . 9 . I 2 

and 

2A 

2 . 5.8/:'^ 

3 . 6<^^ 

3.6.9.  \2b‘^ 

2.KA  . 

b ^ T - 

2.5.8.  I 1^4 

3.0. 9^)" 
other  roots  ,* 


3.6.9.12.15/^'^ 


5:c 


&c 


&c 


where  a = \py  b^\q)  sriJ 

And 


CUB 


CUB 
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And  various  other  ferles  for  the  fame  piirpofe  may 
■aifo  be  feen  in  my  Traft,  fo  often  before  cited. 

3.  A third  method  for  the  roots  of  cubic  equations, 
is  by  angular  lections,  and  the  table  of  fines.  It  was 
lirll  hinted  by  Bombelli,  in  his  Algebra,  that  angles  are 
trifefted  by  the  refolution  of  cubic  equations.  After- 
wards, Vieta  gave  the  refolution  of  cubics,  and  the 
higher  equations,  by  angular  feftions.  Next,  Albert 
Girard,  in  his  Invention  Nouvelle  en  I’Algebre,  fliews 
how  to  refolve  the  irreducible  cafe  in  cubics  by  a table 
of  jQnes  : and  he  alfo  conhrudts  tlie  fame,  or  linds  the 
roots,  by  the  interfedlion  of  the  hypeibola  and  circle. 
Halley  and  I)e  Moivre  alfo  gave  rules  and  examples  of 
the  fame  fort  of  refolutions  by  a table  of  fines.  i\nd, 
lalily,  Mr.  Anthony  Thacker  invented,  and  Mr.  Wil- 
liam Brown  ccmouted,  a lar^e  fet  of  iimilar  tables, 
for  refolving  affected  quadratic  and  cubic  equations, 
with  their  application  to  the  reiolutiou  of  biquadratic 
ones. 


4.  La-lly,  the  feveral  methods  of  approach,  or  ap- 
proximation, for  the  roots  of  all  affected  equations, 
which  have  been  ufed  in  various  \vayG  by  Stevin,  Vieta, 
Newton,  Halley,  Raplifon,  and  others. 

To  tliefe  mav  be  added  tlie  m.ethod  of  Trial-and-cr- 
ror,  or  of  Double  Pofition,  one  of  the  caficll  and  bell 
of  any.  Of  this  method,  let  tha'c  be  taken  the  lall 
example,  viz,  -f  i8v=:6,  in  which  it  is  evident  that 
X is  verv  nearly  equal  to  i,  but  a little  lefs  ; take  it 
tlierefcie  .v  — ’33  ; then  -b  i8.v  — 5‘975937»  but 
fhould  be  6,  and  therefore  the  error  is  *02.1063  in  de- 
ft ft . 

Again  fuppofe  .\*  *34  ; then  + i8.x  — 6*159304, 

which  is  *159304  in  excefs. 

*34  X *024063  + ’33  X *T  39304  = 60752 


I’hercfore 


J83367 


•024063+ -139^0+ 

’3^13,  the  root  as  before  very  nearly. 

For  the  conftruction  of  cubic  equatiorjs,  fee  Con- 
struction. 

Cubic  Foofy  of  any  thing,  is  fo  much  of  it  as  is  con- 
tained in  a cube  w’hofe  fide  is  one  foot. 

Cubic  Hyperbola y is  a figure  exprelTed  by  the  equa- 
tion xy'^  — Oy  having  two  afymptotes,  and  confiiling  of 
two  hyperbolas,  lying  m the  adjoining  angles  of  the 
afymptotes,  and  not  in  tlie  oppofite  angles,  like  the 
Apollonian  hyperbola 3 being  otherwife  called  by  New- 
ton, in  his  Enumeratio  Idnearum  Tertii  Ordinis,  an 
hyperbollfmus  of  a parabola  ; and  is  the  65th  fpecles 
of  thofe  lines  according  to  him. 

Cubic  Numbers.  See  Cubes. 


Cubic  Parnlulay  a curve,  as  BCD,  of  the  2d  order, 
having  two  infinite  legs  CB,  CD,  tending  contrary 
Vue.  1 


ways.  And  if  the  abfeifs,  AP  or  x,  touch  the  cur^r 
in  C,  tlie  relation  between  the  abfcifi  and  ordmate, 
viz,  APn:;^',  and  PM  ~y,  is  expreffed  by  the  equa- 
tion y z=z  ax^ -\r  bx'^ cx  cFy  or  when  A coincides 
w'ith  C,  by  the  equation  yzzzax^^y  which  is  the  funplefl 
fo  rm  of  the  equation  of  this  curve. 

If  the  right  line  AP  (fig.  2'j  cut  the  cubical  para- 
bola in  three  points  A,  B,  C ; and  from  any  point  P 
there  be  drawn  the  rlgrht  line  or  ordinate  PM,  cutting 
the  curve  in  one  point  M only  ; then  will  PM  be  always 
as  the  folid  AP  x BP  x CP  ; which  is  an  effential  pro- 
perty of  this  curve. 

And  hence  It  is  eafy  to  conflruft  a cubic  cquatlo'n, 
as  .\'3 = P,  by  the  interfeftion  of  this  curve  and  a 
right  line.  See  the  ConftruCtion  of  a cubic  equation 
by  means  of  die  cubic  parabola  and  a right  line,  by 
Dr.  ^ Tallis,  in  his  Algelira  : As  alio  the  Conilruftiozi 
of  equations  of  6 dimenfions,  by  means  of  the  cubic  pa- 
rabola and  a circle,  by  Dr.  Hallev',  in  a ieclure  former- 
ly  read  at  Oxford. 

The  cirr^oe  of  tJfis  parabola  cannot  be  rectified,  not 
even  by  means  of  the  conic  feftions.  But  a circle  may 
be  found  equal  to  the  Curve  Surfaccy  generated  by  tiie 
rotation  of  the  curs'C  AM  about  the  tangent  APto  the 
principal  vertex  xV.  Let  MN  be  an  ordinate,  and  MT 
a tangent  at  the  point  M ; and  let  PM  be  parallel  to 
AN.  Divide  MN  in  the  point  O,  10  that  MO  be  ty 
ON  as  TM  to  MN.  Then  a mean  proportional  be- 
tween TM-f"ON  and  j of  AN  will  be  the  radius  of  a 
circle,  whofe  aiTa  is  equal  to  the  fuperficies  deferibed 
by  that  rotation,  viz,  of  AM  about  AP. 


Tfe  Area  of  a Cubic  Parabola  is  ^ of  its  circum- 
feribing  parallelogram. 

Cubic  Rooty  of  any  number,  or  quantity,  is  fuch  a 
quantity  as  being  cubed,  or  twice  multiplied  by  it- 
fclf,  fhall  ])roduce  that  which  was  given.  So,  the 
cubic  root  of  8 Is  2,  bccaufe  2^  or  2x2x2  is  equal 
to  8. 

The  common  method  of  extrafting  the  cube  root, 
founded  on  the  property  given  above,  viz,  a ^ = 
rt’  -b  '^a-b  + ^ab-  -f  b^y  is  found  in  every  book  of  com- 
mon arithmetic,  and  is  as  old  at  lead  as  Liica«  de  Bur- 
go,  where  it  is  firfl  met  with  in  print.  Other  methods 
for  the  cube  root  may  be  feen  under  the  article  Ex- 
traction of  Roots y particularly  this  one,  viz,  the  cube 

2n  a'^ 

root  of  K,  or  ifnesz. X very  nearly,  or  2a'^-{'ni 

71  2 * 

2;x  + j ; ^ ti  the  cube  root  of  n nearly  ; where 
Y y is 


CUR 


CUR 


[ 346  ] 


IS  any  number  given  wliofe  cube  110 ot  is  fought,  and 
is  the  nearell  complete  cube  to  n,  whether  greater  or 
lefs. 

For  example,  fuppofe  it  were  propofed  to  double  the 
cube,  or,  which  comes  to  the  fame  thing,  to  extradf  the 
Cube  root  of  the  number  2.  Here  the  neareft  cube  is 
I,  whofe  cube  root  is  i alfo,  that  is,  j,  and  <2  ~ i, 
alio  — 2 ; therefore 
2a^-{-n  2u-\-a^  a 

4 • 5 — I : ^ = 1*25  = 2 nearly. 

But,  for  a nearer  value,  affurne  now  a ~ or  a^~ 

^2  ^ . -f-n/js-,  'n  T I ... 2 =;  O I _ ^ 

6 4 ’ 

4 


; then  is  2a^  + n = Vy  4-  2 — V/,  and2«  4 
r hV  ^ W ? iience  378  .*  381  : : .y  f or  i *25992  i 
=r  ^2,  or  the  cube  root  of  2,  which  is  true  in  the  lalf 
place  of  decimals. 

And  this  is  the  fimpleft  and  eafieft  method  fpr  the 
cube  root  of  any  number.  See  its  inveftigation  in  my 
Trafls,  vol.  I,  pa.  49. 

Every  number  or  quantity  has  three  cubic  roots,  one 
that  IS  real,  and  two  imaginary  : So,  the  cube  root  of 

*•1  14"^/  — I — — 2 , . ™ 

I IS  either  i,  or or ; and  if 

2 2 

r be  the  real  root  of  any  cube  the  two  imaginary 
cubic  roots  of  it  will  be 


i-b\/  — 3 T— \/  — 3 

r,  and - 


for 


any 


one 


of 


thefe  being  cubed,  gives  the  fame  cube  r^. 

Cubing  of  a Solid.  See  Cubature. 

CuBO-cuBE,  the  6th  power. 

CuBO-cuBO-cuBE,  the  9th  power. 

CULMINATION,  the  paffage  of  a Ear  or  planet 
over  the  meridian,  or  that  point  of  its  orbit  which  it 
is  in  at  its  greateft  altitude.  Flence  a liar  is  faid  to 
culminate,  when  it  paffes  the  meridian. 

T0  find  the  time  of  a Star’s  culminating.  Eftimate 
tlie  time  nearly  ; and  find  the  right  afeenfion  both  of 
the  fun  and  ftar  corredled  for  this  eftimated  time  ; then 
the  difference  between  thefe  right  afeenfions,  converted 
into  lolar  tune,  at  the  rate  of  15  degrees  to  the  hour, 
gives  the  time  of  foutliing.  See  an  example  of  this 
calculation  every  year  in  White’s  Ephemeris,  pa.  45. 

CULVERIN,  was  the  name  of  a piece  of  ord- 
nance ; but  is  now  diiiifed. 

CUNETTE.  See  Cuvette. 

CUNEUS.  See  Wedge. 

CUNx  i lA  (Maria],  a lady’’  of  Siielia,  who  was 
famous  foi  her  extenfive  knowledge  in  many  branches 
of  learning,  but  m.,ore  particularly  in  mathematics  and 
attronomy,  upon  which  fhe  wrote  feveral  ingenious 
treatifesj  particularly  one,  entitled  Urania  Propitia, 
printed  in  1650,  in  Latin  and  German,  and  dedicated 
to  Ferdinand  the  third,  emperor  of  Germany.  In  tliis 
wo'k  are  containcQ  afiixjnomical  tables  of  great  eafe 
and  accuracy,  founded  upon  Kepler’s  hy^potliefis.  But 
notwithflanding  her  merit  fhines  with  fiich  peculiar 
L-iftre  as  to  refieff  honour  on  her  fex,  hiftory  does  not 
inform  us  of  the  time  of  her  birth  or  deatli. 

CURRENT,  a ffream  or  ilux  of  water  in  any  direc- 
tion. Tli^fcttlng  of  the  current,  is  that  point'  of  the 


compafs  towards  wdiich  the  waters  run  ; and  the  drift 
of  a current  is  the  rate  it  runs  an  hour. 

Currents  in  the  fea,  are  either  natural  and  general, 
as  anfing  from  the  diurnal  rotation  of  the  earth  on  its. 
axis,  or  the  tides,  &c  ; or  accidental  and  particular,, 
cauied  by  the  waters  being  driven  againll  promontories, 
or  into  giilphs  and  ftreights ; from  whence  they  are  forced 
back,  and  thus  difturb  the  natural  flux  of  the  fea. 

The  currents  are  fo  violent  under  the  equator,  where 
the  motion  of  the  earth  is  greatcll;,  that  they  hiirryuveffels 
very  ipeediy  from  Africa  to  America ; but  abfolute- 
ly  prevent  their  return  the  fame  way  : fo  that  firips  are 
forced  to  run  as  far  as  the  40th  or  45th  degree  of  north 
latitude,  to  fall  into  the  retinm  of  the  current  again,  to 
bring  them  home  to  Europe.  It  is  fhe-wn  by  Gover- 
nor Pownal,  that  this  current  performs  a continual  cir- 
culation, fetting  out  from  the  Guinea  coaft  in  Africa, 
for  example,  from  thence  croflinw  ilrai'xht  over  the  At- 
lantic  ocean,  and  fo  fetting  into  the  Gulph  of  Mexico- 
by  the  fouth  fide  of  it  ; then  fweeping  round  by  the 
bottom  of  the  Gulpii,  it  iffues  out  by  the  north  fide  of 
it,  and  thence  takes  a direUion  north-eailerly  along  the 
coail  of  North  America,  till  it  arrives  near  Newfound- 
land, where  it  is  turned  by  a rounding  motion  back- 
ward acrofs  the  Atlantic  again,  upon  the  coafls  o.f 
Europe,  and  from  thence  fouthward  again  to  the  coaft 
of  Africa,  from  whence  it  fet  out. 

In  the  ftreights  of  Gibraltar,  the  currents  fet  in  by 
the  fouth  fide,  fweep  along  the  coaft  of  Africa  to 
Egypt,  by  Paleftine,  and  fo  return  by  the  northern- 
fide,  or  European  coafts,  and  iffue  out  again  by  the; 
northern  fide  of  the  ftreights.  In  St.  George’s  Chan- 
nel too  they  ufually  fet  eaftward.  The  great  violence 
and  danger  of  the  fea  in  the  Streights  of  Magellan,  i& 
attributed  to  two  contrary  currents  fetting  in,  one 
from  the  fouth,  and  the  otlier  from  the  north  fea. 

Currents  are  of  feme  confiderution  in  tlie  art  of  na- 
vigation, as  a fliip  is  by  them  either  accelerated  or  re- 
tarded ill  her  courfe,  according  as  the  fet  is  with  or 
againft  the  (hip’s  motion.  If  a fliip  fail  along  the  dir 
redlion  of  a current,  it  is  evident  that  the  velo-city  of 
the  current  muff  be  added  to  that  of  the  veffcl : but  if 
her  courfe  be  direflly  againft  the  current,  it  miift  be 
fubtrafted  : and  if  ilie  fail  athwart  it,  her  motion 
will  be  compounded  with  that  of  the  current ; and 
her  velocity  augmented  or  retarded,  according  to  the 
angle  of  her  direclion  with  that  of  the  currept  i that 
is,  fine  will  proceed  in  the  diagonal  of  the  parallelo- 
gram  formed  according  to  the  two  lines  of  direction, 
and  will  deferibe  or  pafs  over  that  diagonal  in  the  fame 
time  in  which  fhe  would  have  deferibed  either  of  the 
fides,  by  the  feparate  velociSes. 

For  fuppofe  ABDC  be  a paral- 
lelogram, the  diagonal  of  which  is 
AD.  Now  if  tlie  wind  alone  w-ould 
drive  the  fliip  from  A to  B,  in  the 
fame  time  as  the  current  alone  would 
drive  it  from  A to  C : Then,  as 
tlie  Vvind  neither  helps  nor  hinders 
the  fliip  from  coming  towards  the 
line  CD,  the  current  will  bring  it 
there  in  tlie  fame  time  as  if  the  wind  did  not  afl : And 
as  the  current  neither  he.lps  nor  hinders  the  fliip  from 

e^'ini-Ug- 


CUR 


[ J47  ] 


CUR 


comnig  towards  the  line  BD,  the  wind  will  bring  it 
there  in  the  fanle  time  as  if  the  current  did  not  act ; 
Therefoie  the  diip  inuft,  at  the  end  of  that  time,  be 
found  in  both  tliofe  lines,  that  is,  in  their  meeting  13  : 
Confequently  the  fhip  mull  have  paffed  from  A to  13 
in  the  diagonal  AD.  See  Composition  of  Forces. 

See  the  Sailing  in  Currents  largely  exemplified  in 
Robertfon’s  Navigation,  vol.  2,  book  7,  feft.  8. 

CURSOR,  a fmall  piece  of  brafs  &c  that  Hides  ; as, 
the  ^iece  in  an  equinoaial  ring  dial  that  Hides  to  the 
day  of  the  month;  or  the  little  ruler  or  label  of  brafs 
Hiding  in  a groove  along  the  middle  of  another  label, 
repreienting  the,  horizon  in  the  analemma  ; or  the  point 
that  Hides  along  the  beam  compafs  ; &g. 

CURTATE  Dijiance,  is  the  didance  of  a planet’s 
place  from  the  fun,  reduced  to  the  ecliptic  ; or,  the  in- 
terval between  the  fun  a.nd  that  point  where  a perpen- 
dicular, le^t  fall  from  the  planet,  meets  the  ecliptic. 

CURTATION,  the  interval  between  a planet’s  dif- 
tance  from  the  fun,  and  the  curtate  dilfance. 

From  the  foregoing  article  it  is  eafy  to  Hnd  the  cur- 
tate dilfance  ; whence  the  manner  of  conllruaing  tables 
of  curtation  is  obvious  ; the  quantity  of  inclination,  re- 
duefion,  and  curtation  of  a planet,  depending  on  the  ar- 
gument of  latitude.  Kepler,  in  his  Rodolphine  d’ables, 
reduces  the  tables  of  them  ail  into  one,  under  the  title 
of  Fc.hula  Latitxiiiinar'ice , 

^ CURIIN,  Curtain,  or  Courtine,  in  Fortifica- 
tion, that  part  of  a wall  or  rampart  that  joins  two  baf- 
tions,  or  lying  between  the  flank  of  one  and  that  of 
another,  d he  curtain  is  ufually  bordered  witli  a para- 
5 high  ; behina  which  the  foldiers  Hand  to  lire 
upon  the  covert-way,  and  into  the  moat. 

CURVATURE  of  a lAns^  is  its  bcncUng,  or  flexure; 
by  which  it  becomes  a curve,  of  any  peculiar  form  and 
piopei  tics.  i hus,  the  nature  of  the  curvature  of  a 
circle  IS  fuch,  as  that  every  point  in  the  peripherv'  is 
equahy  aidant  from  a point  within,  called  the  centre; 
and  fo  tlie  curvature  of  the  fame  circle  is  every  where 
the  fame  ; but  the  curvature  in  all  other  curves  is  conti- 
nually varying.— The  curvature  of  a circle  is  fo  much 
the  more,  as  its  radius  is  lefs,  being  always  reciprocally 
as  the  ladius;  and  the  curv'atiire  of  other  curves  is 

^ b V t h e reciprocal  of  the  radius  of  a circle 
having  the  faine  degree  of  curvature  as  any  curve  has, 
at  fome  certain  point. 

Everv’’  cuiv'c  is  bent  irom  its  tangent  by  its  cuiwature, 
themeafuie  of  w'hich  is  tne  fame  as  that  ot  the  aniTle 
of  contact  roi'med  liy  the  curve  and  tangent.  Now  the 
fame  tangent  AB  is  common  to  an  iniinlte  number  of 
circles,  or  otiier  curves,  all  touching  it  and  cacli  other 
in  the  fame  point  of  contadl  C.  So  that  any  curve 
33CE  may  be  touched  by  an  inhnite  number  of  diflercnt 
circles  at  the  fame  poUit  ; and  loine  of  tlicfc  circles 
fall  wholly  v.  itliin  it,  being  more  curv^ed,  or  having 
a greater  cuivature  than  that  curve;  while  others  fall 
without  it  near  the  point  of  contafl;,  or  between  the 
curve  and  tangent  at  that  point,  and  fo,  being  lefs  de- 
fledled  fiom  the  tangent  than  the  curve  is,  they  have  a 
iefs  degree  of  curvature  there.  Confequeiitly  there  is 
cne,  of  this  infinite  number  of  ciirrles,  which  neither 
falls  below^dt  nor  above  it,  but,  being  equally  defledted 
Irom  the  hmgent,  coincides  with  it  mofl-  intimately  of 
«11  tne  circles  ; and  the  radiui  oi  tliis  circle  is  called  the 


radius  of  curvature  of  the  curye  ; alfo  the  circle  itfelf  is 
called  the  circle  of  curvature^  or  the  ofculatory  circle  of 
that  curve,  becaufe  it  touches  it  fo  clofely  that  no  other 
circle  can  be  drawm  between  it’^nd  the  curve. 


As  a curve  is  feparated  from  its  tangent  by  its  flex- 
ure or  curvature,  fo  it  is  leparated  from  the  ofculatory 
circle  by  the  increafe  or  decreafe  of  its  curvature  ; and 
as  its  curvature  is  greater  or  lefs,  according  as  it  is 
more  or  lefs  dcflecled  from  the  tangent,  fo  the  variation 
of  curvature  is  greater  or  lefs,  according  as  it  is  more 
or  leis  leparated  from  the  circle  ot  curvature. 

It  appears,  however,  from  the  demonltration  of  geo- 
metricians, that  circles  may  touch  curve  lines  in  fucli  a 
manner,  that  there  may'  be  indefinite  degrees  of  more 
or  lefs  intimate  contact  between  the  curve  and  its  ofcu- 
latory circle  ; and  that  a conic  fection  may  be  deferibed 
that  fliall  have  the  fame  curvature  w'ith  a given  line 
at  a given  point,  and  the  fame  variation  of  curvature, 
or  a contact  of  the  fame  kind  with  the  circle  of  curva- 
ture. 

If  we  conceive  the  tangent  of  any  propofed  curve  to 
be  a bafe,  and  that  a new  line  or  curve  be  delcribed, 
vvhofe  ordinate,  upon  the  lame  bafe  or  abfclfs,  is  a 
proportional  to  the  ordinate  and  bafe  of  the  firll ; this 
new'  curve  will  determine  the  chord  of  the  circle  of  cur-  ' 
vature,  by  its  interfection  with  the  ordinate  at  the  point 
of  contact  ; and  it  will  alio  meafure  the  variation  of 
ciuwatiire,  by  means  of  the  tangent  of  the  angle  in 
W'hich  it  cuts  that  circle;  the  lefs  this  angle  is,  the 
clofer  is  the  eontaft  of  the  curve  and  circle  of  curva- 
ture ; and  of  this  contact  there  may  be  indefinite  de- 
grees. 

hor  example,  let  EMM  be  any  curve,  to  which  ET 
is  a tangent  at  the  point  E ; then  let  there  be  ahvavs 
taken  M i : E F ; ; L F : Tlv,  and  through  all  the  points 
K draw'  the  curve  BKI*  ; liien  from  the  point  of  contact 
E draw'  lt,B  parallel  to  the  ordinate  d'K,  meeting'  the 
lait  curve  in  B ; and  finally,  deferibe  a circle  ERQB 
tlirough  the  point  B and  touching  IFF  in  E ; and  it 
fliaii  be  the  ofculatory  circle  to  the  g’ven  curv'e  EMM. 
And  the  contact  of  EM  and  ER  is  always  the  clofer, 
the  lels  tlie  angle  KijQ^is.  See  Maciaurin’s  1‘iuxions, 
art.  366. 

Flence  it  follows,  that  the  contact  of  tlie  curve  EMFl 
and  its  ofculatory  circle  is  clofclt,  w'hen  the  curve  BK 
touches  the_  a.rch  B(^_in  B,  the  angle  BET  being- 
given  ; ana  it.  is  farthell  from  tins,  or  inoii  tpeii,  w'-lien 
BK  touches  the  riglit  line  BE.  in  B. 

flence  ailo  there  may  be  indehnite  deo'rees  of  more 
and  more  Intimate  contad  between  a '^circle  and  a 
curve.  The  firlt  degree  is  wlien  the  fame  ri'-dit  line 
^ y ^ toucheLi 
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touches  them  both  in  the  fame  point ; and  a conta6l  of 
tiiis  fort  may  take  place  between  any  circle  and  any 
arch  of  a curve.  The  2d  is  when  the  curve  EMH 
and  circle  ERB  have  the  fame  curvature,  and  the  tan- 
gents of  the  curve  BKF  and  circle  BQE  interfefl 
each  other  at  B in  any  affignable  angle.  The  contaff 
of  the  curve  EM  and  circle  of  curvature  ER  at  E,  is 
of  the  3d  degree,  or  order,  and  their  ofculation  is  of 
the  2d,  when  the  curve  BKF  touches  the  circle  BC^ 
at  B,  but  fo  as  not  to  have  the  fame  curvature  witli 
it.  The  contaff  is  of  the  4th  degree,  or  order,  and 
their  ofculation  of  the  3d,  when  the  curve  BKF  has 
the  fame  curvature  with  the  circle  BQE  at  B,  but  lo 
as  that  their  contafl  is  only  of  the  2d  degree.  And 
this  gradation  of  more  and  more  intimate  contaff,  or 
of  approximation  towards  coincidence,  may  be  con- 
tinued indehnitely,  the  contaff  of  EM  and  ER  at  E 
being  always  of  an  order  two  degrees  clofer  than  that 
of  BK  and  BQ_at  B.  There  is  alfo  an  indefinite  va- 
riety comprehended  under  each  order : thus,  when 
EM  and  ER  have  the  fame  curvature,  the  angle  formed 
by  the  tangents  of  BK  and  BQ^admits  of  indefinite 
variety,  and  the  contact  of  EM  and  ER  is  the  clofer 
the  lefs  that  angle  is.  And  when  that  angle  is  of  the 
fame  magnitude,  the  contadl  of  EM  and  ER  is  the 
clofer,  the  greater  the  circle  of  curvature  is.  When 
BK  and  BQjouch  at  B,  they  may  touch  on  the  fame 
or  on  different  fides  of  their  common  tangent  ; and  the 
angle  of  contact  KBQ^may  admit  of  the  fame  variety 
with  the  angle  of  contadf  MER  ; but  as  there  is  fel- 
dom  occafion  for  confidering  thofe  higher  degrees  of 
more  intimate  contaft  of  the  curve  EMH  and  circle 
of  curvature  ERB,  Mr.  Maclaurin  calls  the  contad  or 
ofculation  of  the  fame  kind,  wEen,  the  chord  EB  and 
angle  BET  being  given,  the  angle  contained^  by  the 
tangents  of  BK  and  BQ^is  of  the  fame  magnitude. 

When  the  curvnature  o?  EMH  increafes  from  E to- 
wards H,  and  confeqiiently  correfponds  to  that  of  a 
circle  gradually  lefs  and  lefs,  the  arch  EM  falls  within 
ER,  the  arch  of  the  ofculatory  circle,  and  BK  is  with- 
in BQ^  The  contrary  happens  when  the  curvature  of 
EM  decreafes  from  E tov/ards  H,  and  confeqiiently 
correfponds  to  that  of  a circle  which  is  gradually  greater 
and  greater,  the  arch  EM  falls  without  ER,  and  BK 
is  without  BQ^  And  according  as  the  curvature  of 
EM  varies  m.ore  or  lefs,  it  is  more  or  lefs  unlike  to  the 
uniform  curvature  of  a circle  ; the  arch  of  the  curve 
EMH  feparates  more  or  lefs  from  the  arch  of  the  of- 
culatory circle  ERB,  and  the  angle  contained  by  the 
tangents  of  BKF  and  BQE  at  B,  is  _grpter  or 
lefs.  Thus  the  quality  of  curvature,  as  it  is  called 
by  Newton,  depends  on  the  angle  contained  by  the  tan- 
gents of  BK  and  BQ_at  B ; and  the  meafure  of  the 
inequability  or  variation  of  curvature,  is  as  the  tangent 
of  this  angle,  the  radius  being  given,  and  the  angle  BET 
being  a right  one. 

The  radii  of  curvature  of  fimilar  arcs  in  fimllar 
figures,  are  in  the  fame  ratio  as  any  homologous^ lines 
of  thefe  figures  ; and  the  variation  of  curvature  is  the 
fame.  See  Maclaurin,  art.  370. 

When  the  propofed  curve  EMH  is  a conic  fection, 
the  new  line  BKF  is  alfo  a conic  feftion  ; and  it  is  a 
right  line  when  ENiH  is  a parabola,  to  the  axis  of 
which  the  ordinates  TK  are  parallel  BKF  is  alfo  a 


right  line  wEen  EMH  is  an  hyperbola,  to  one  afymp-. 
tote  of  which  the  ordinate  TK  is  parallel. 

When  the  ordinate  EB,  at  the  point  of  contafl  E, 
inftead  of  meeting  the  new  curve  BK,  is  an  afymptote 
to  it,  the  curvature  of  EM  will  be  lefs  than  in  any  cir- 
cle ; and  this  is  the  cafe  in  which  it  is  faid  to  be  in- 
finitely little,  or  that  the  radius  of  curvature  is  infinite- 
ly great.  And  of  this  kind  is  the  curvature  at  ths 
points  of  contrary  flexure  in  lines  of  the  3d  order. 

When  the  curve  BK  paffes  through  the  point  of 
contact  E,  the  curvature  is  greater  than  in  any  circle, 
or  the  radius  of  curvature  vanillies  ; and  in  this  cafe  the 
curvature  is  faid  to  be  infinitely  great.  Of  this  kind 
is  the  curvature  at  the  cufi  }s  of  the  lines  of  the  3d 
order. 

As  to  the  degree  of  curvature  in  lines  of  the  3d  and 
higher  orders,  fee  Maclaurin,  art.  379  ; alfo  art.  386, 
when  the  propofed  curve  is  mechanical. 

As  curves  which  pafs  through  the  fame  point  have 
the  fam.e  tangent  when  the  find  fluxions  of  the  ordinates 
are  equal,  fo  they  have  the  fame  curvature  wEen  the  2d: 
fluxions  of  the  ordinate  are  likewife  equal ; and  half 
the  chord  of  the  ofculatory  circle  that  is  intercepted 
between  the  points  where  it  interfecls  the  ordinate,  is 
a 3d  proportional  to  the  right  lines  that  meafure  the 
2d  fluxion  of  the  ordinate  and  firft  fluxion  of  the 
curve,  the  bafe  being  fiippofed  to  flow  uniformly*,. 
When  a ray  revolving  about  a given  point,  and  termi- 
nated by  the  curve,  becomes  perpendicular  to  it,  the 
firff  fluxion  of  the  radius  vanifhes  ; and  if  its  2d  fluxion 
vaniE  at  the  fame  time,  that  point  mull  be  the  centre 
of  curvature.  The  fame  may  be  faid,  when  the  angn-^ 
lar  motion  of  the  ray  about  that  point  is  equal  to  the 
angular  motion  of  the  tangent  of  the  curve ; as  the 
angular  motion  of  the  radius  of  a circle  about  its  cen- 
tre is  always  equal  to  the  angular  motion  of  the  tan- 
gent of  the  circle.  Hence  the  various  properties  c£ 
the  circle  may  fuggefi  feveral  theorems  for  determin- 
ing the  centre  of  curvature. 

See  art.  396  of  the  faid  book,  alfo  the  following, 
concerning  the  curvature  of  lines  that  are  deferibed  by 
means  of  right  lines  revolving  about  given  poles,  or  of 
angles  that  either  revolve  about  fuch  poles,  or  are  carried 
along  fixed  lines. 

It  is  to  be  obferved  that,  as  when  a right  line  inter- 
fe£ls  an  arc  of  a curve  in  two  points,  if  by  var)dng  the 
pofition  of  that  line  the  two  interfeclions  unite  in.  one  ' 
point,  it  then  becomes  the  tangent  of  the  arc  ; fo  when 
a circle,  touches  a curve  in  one  point,  and  interfeflsit  in 
another,  if,  by  varying  the  centre,  this  interfeelion  joins 
the  point  of  contact,  the  circle  has  then  the  clofeil 
contact  v/ith  the  arc,  and  becomes  the  circle  of  curva- 
ture ; but  it  ftili  continues  to  interfecl  the  curve  at  the 
fame  point  where  it  touches  it,  that  is,  where  the  fame 
rierht  line  is  their  common  tangent,  iinlefs  another  in- 
terfedtion  join  that  point  at  the  fame  time.  In  ge.ne- 
ral,  the  circle  of  curvature  interfedls  the  curve  at  the 
point  of  ofculation,  only  when  the  number  ol  the  fuc- 
ceffive  orders  of  fluxions  of  the  radius  of  curvature, 
that  vaniflies  when  this  radius  comes  to  point  of 
ofculation,  is  an  even  number. 

It  has  been  fuppofed  by  fome,  that  two  points  of 
conta6l,  or  four  interledlions  of  the  curve  and  circle  of 
curvature,  muff  join  to  form  an  ofculation.  B'Ht  Mux 
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James  Bernoulli  jultly  infilled,  that  the  coalition  of  one 
point  of  contail  and  one  interfeAion,  or  of  three  inter- 
feilions,  was  fuificient.  In  which  cafe,  and  in  general, 
when  an  odd  number  of  interfedtions  only  join  each 
other,  the  point  where,  they  coincide  continues  to  be  an 
fnterfeclion  of  the  curve  and  circle  of  curvature,  as  well 
as  a point  of  their  mutual  contact  and  ofculation.  See 
Maalaurin’s-Flux.  art.  493.. 


A 


From  thefe  principles  may  be  determined  the  circle 
of  curvature  at  any  point  of*  a conic  fedlion.  Thus, 
fuppofe  AEMHG  beany  conic  fedlion,  to  the  point  E 
of  which  the  circle  or  radius  of  curvature  is  to  be  found. 
Let  ET  be  a tangent  at  E,  and  draw  EGB  and  the 
tangent  HI  parallel  to  the  chords  of  the  circle  of  cur- 
vature ; then  take  EB  to  EG  as  I'T^  to  HI* ; or,  when 
the  feaion  has  a centre  O,  as  in  the  cllipfe  and  hyper- 
bola, as  the  fquare  of  the  femi-diameter  Oa  parallel  to 
ET,  is  to  the  fquare  of  the  femi-diameter  OA  paral- 
lel to  EB  ; and  a circle  EB  defcribed  upon  the  chord 
EB  that  touches ^ET,  will  be  the  circle  of  curvature 
fought. 

When  BET ‘is  a right  angle,  or  EB  is  the  diame- 
ter of . the  circle  of  curvature,  EG.  will  be  the  axis  of 
the  conic  fedlion,  and  EB  will  be  the  parameter  of  this 
axis  ; alfo  when  the  point  G,  where  the  conic  feftion 
cuts  EB,  and  the  point  B,  are  on  the  fame  fide  of  E, 
tiicn  EMG  will  be  an  eihpffs,  and  EG  the  greater  or 
lefs  axis,  according  as  EG  is  greater  or  lefs  than  EB. 

The  propofitions  relating  to  the  curvature  of  the 
conic  fedions,  commonly  given  by  authors,  follow  with- 
out  much  difficulty  from  this  condruftion. 

1.  When  the  chord' of  curvature,  thus  found,  paffes 
through  the  centre  of  the  conic  fedion,  it  will  then  be 
equal  to  the  parameter  of  the  diameter  that  paffes 

through  the  point  of  contad.  ^ 

2.  The  fquare  of  the  femi-diam.eter  Q^,  is  to  the  red- 
angle of  half  the  tranfverfe  and  half  the  conjugate  axis, 
as  the  .radius  of  curvature  CE  is  to  0^.-  And  there- 
fore the  cube  of  the  femi-diameter  Oa,  parallel  to  the 
tangent  ET,  is  equal  to  the  folid  contained  by  the 
radlus^of  curvature  CE,  and  the  redangle  of  the  tw'o 
axes. 

3.  The  - perpendicular  to  either  axis  bifeds  the  angle 
made  by  the  chord  of  curvature,  and  the  common  tan- 
gent of  the  conic  fedion  and  circle  of  curvature. 

4.  The  chord  of  the  ofculatory  circle  that  paffes 
through  the  focus,  the  diameter  conjugate  to  that 
which  paffes  through  the  point  of  contad,  and  the 
tranfverfe  axis  of  the  figure,  are  in  continued  propor- 
tion. 


5.  When  the  fedion  is  an  ellipfe,  if  the  circle  of 
curvature  at  E meet  Oa  in  d,  the  fquare  of  Ei/  will  be 
equal  to  twice  the  fquare  of  Hence  Er/  : Oa  : : 
aJz  : I.  Which  gives  an  eafy  method  of  determining 
the  circle  of  curvature  to  any  point  E,  when  the  femi- 
diameter  Oa  is  given  in  magnitude  and  pofition. 

Several  other  properties  of  the  circle  of  curvature, 
and  methods  of  determining  it  when  the  ledion  is  given ; 
or  vice  verla,  of  determining  the  fedion  when  the  circle 
of  curvature  is  given,  may  be  feen  in  Maclaunn's*  hlux. 
art.  375.  See  alfo  the  Appendix  to  Maclaurin’s  Alge- 
bra, fed.  I. 

To  determine  the  liadhis  and  Circle  of  Curvature  by  the  ' 
^fethod  of  Fluxions,  Let  AE^  be  any  curve,  concave 
towards  its  axis  AD  ; draw  an  ordinate  DE  to  the 
point  E where  the  curve  is  required  to  be  found  ; • and ' 
fuppofe  EC  perpendicular  to  the  curve,  and  equal  to  the 
radius  of  the  ‘ circle  BE^  of  curvature  fought ; laftly, 
draw  Ed  parallel  to  AD,  and  de  parallel  and  indefi- 
nitely near  to  DE  ; thereby  making  Ed  the  fluxion- 
or  increment  of  the  ablcjis  AD,  alio  de  the  fluxion 
of  the  oi'dinate  DE,  and  Ee  that  of  the  curve  A^E. 


Now  put  .V  — AD,  y 

= DE,  21 

~ AE,  and 

u 

II 

the 

radius  of  curvature  ; then  is 

ED  =1;^, 

de 

~y,  and 

Ee 

- - - rr 
■■ 

f 

Now,  by  fim.  tri.  the 

^ lines 

--  Ed 

9 > 

or 

X 

9 

y y ^ y 

are  refpeclively  as  the 
therefore 

three 

- GE 

,GC,CE; 
i = GE  j ; 

and 

the.  flux,  of  this 

equa.  is 

• 

GC  - .V  + GC  . W : 

= GE.y 

+ 

GE  j,. 

or 

becaufe  GC  — ~ 

• BG‘,  it  i 

s 

GC 

. y - B G 

. X =GE 

y 

-f-'  GEy  1 

But,  lince  the  two  carves  AE  and  BE  have  the  fame 
curvature  at  the  'point  E,  their  abiciffes  and  ordinates  • 
have  the  fame  .fluxions  at  that  point,  that . is  Ed  or  is 
the  fluxion  both  of  AD  and  BG,  and  de  or  y is  the 
fluxion  both  of  DE  and  GE.  In  the  above  equation  ^ 

therefore  fubffitute  x for  BG,  and  y for  GE,  and  it 
beconicii  - GC  . x — = GE  .y  E jy  ? 

or  - GC  . — GE.y— -b_)*or£*. 

Now  mult,  the  three  terms  of  thiseqaation  refpedivcly 

by  thefe  three  quantities,  which  are 

equal,  and  it  becomes  jw  — xy  =z  or  , 

and  hence  r is  the  general  value* 

yx  — xy 

of  the  radius  of  curvature  for  all  curves  whatever,  in  - 
terms  of  the  fluxions  of  the  abfeiis  and  ordinate. 

Farther,  as  in  any  cafe  either  .v  ory  may  be  fuppofed 
to  flow  ecpiably,  that  is,  either  .v  or  y conftant  quanti- 
ties, or  or  y nothing,  by  this  fuppofition  either 

of  the  terms  in  the  denominator  of  the  value  of  r may 
be  made  to  vanifli.  So  that  when  x is  conffant,  the 

value  of  r is : — , but  r is  ==  — r-  when  y is  coa-.- 

-xy  yx 

ftant. 

For  example,  fuppofe  it  were  required  to  find  the 
radius  or  circle  of  curvature  to  any  point  of  a parabo- 
la, its  vertex  being  Aj.  and  axis  AD.. — Now  the  equa- 
tion 
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lion  of  the  curve  is  ax  — y'^ ; hence  ax  = lyj,  and 
ax  fuppofmg  j conftant,  alfo  a'^x^ 

hence  r or 

+ 4-^"^  ^ 

— or r-r: — is  Jd or ’ 

y 2ay  2v'« 

the  general  value  of  the  radius  of  curvature  for  anv 

point  E,  the  ordinate  to  which  cuts  ofFthe  abfcifs  AX) 
zr:  .V. 

Hence,  when  x or  the  abfcifs  13  nothing,  the  laft  ex- 


a 


3 


1 s/  a 


■la  = r for  the  ra- 


prefiion  becomes  barely 

■dins  of  curvature  at  the  vertex  of  the  parabola  ; that 
IS,  the  diameter  of  the  circle  of  curvature  at  the  vertex 
of  a pa.iciboia,  is  equal  to  a the  parameter  of  axis. 
P^aj'iahon  g/ CvRV AT VKE.  See  Variation. 

Double  Curvature,  is  uiecl  for  the  curvature  of  a 
line,  which  twills  fo  that  all  the  parts  of  it  do  not  lie 
in  the  fame  plane. 

CURVE,  a line  whofe  feveral  p-srts  proceed  bowiiiT, 
or  tend  different  ways ; in  oppofition  to  a llraight 

line,  all  whofe  parts  have  the  fame  courfe  or  diiTc- 
tion.  ^ 

The  dodlrine  of  curves,  and  of  the  figures  and  folids 
gprerated  from  them,  conllitute  what  is  called  the 
'higher  geometry. 


.A. 
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V-f  1"^ 

7 — hr- 
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I'n  a curve,  the  lino  AD,  which  bifeas  all  tlie  paral- 
lel lines  MN,  is  called  a diameter ; and  the  point  A,  where 
the  diameter  meets  the  curve,  is  called  the  niertex:  if  AD 
bifea  all  the  parallels  at  right  angles,  it  is  called  the 
axis.  The  parallel  lines  MN  are  called  ordinatesy  or 
applicates  and  their  halves,  PM,  or  femUordinates. 
1 he  portion  of  the  diameter  A.P,  between  the  vertex, 
0^1  any  other  fixed  point,  and  an  ordinate,  is  called  the 
abfcifs  alfo  the  coiicourfe  of  all  the  diameters,  if  they 
meet  all  in  one  point,  is  the  centre.  Tliis  definition  of 
the  Qiameteiq^as  bifeflmgthe  parallel  ordinates,  refpedls 
only  the  conic  feCcions,  or  fuch  curves  as  are  cut  only 
in  tv/o  points  by  the  ordinates  ; but  in  the  lines  of  the 
3 a order,  which  may  be  cut  in  three  points  by  tlie  or- 
dinates, then  the  diameter  is  that  line  which" cuts  tlie 
ordinates  fo,  that  the  fum  of  the  two  parts  that  lie 
on  one  fide  of  it,  fin  all  be  cquaftcridie  part  on  the  other 
fi-de  : and  fo  on  lor  curves  off  higher  orders,  the  fum  of 
the  parts  of  the  ordinate/on  one  fide  of  the  diameter, 

being  always  equal  to  the  fum  of  the  parts  on  tlie  other 
fide  of  it. 

Curve  lines  are  diflinguifhed  into  algebraical  or  geome- 
it  icdlj  ^nci  tr^uJccvulcvAcil  or  w^chfipjctil * 

Algebraical  or  Geometrical  Curves,  are  thofe  in  wlli'^h 
the  relation  of  the  abfciffes  AP,  to  the  ordinates  PM, 
can  be  expreffed  by  ii  common  algebraic  equation 


And  Dranfcendental  or  Mechanical  Curves,  are  fuch 
as  cannot  be  fo  defined  or  exprefied  by  an  algebraical 
equation.  See  Transcendental  Curve. 

Thus,  fuppofe,  for  inftance,  the  curve  be  the  circle  ; 
and  that  the  radius  AC  = r,  the  abfcifs  AP  cr  x,  and 
the  ordinate  PM  ; then,  becaufe  the  nature  of  the 
circle  is  fuch,  that  the  rectangle  AP  x PB  is  always 

— Phl^,  therefore  the  equation  is  x . 2r  — x = y-, 
or  2rx  — — jA,  defining  this  curve,  which  is  there- 

fore an  algebraical  or  geometrical  line.  Or,  fuppofe 
C-  IP  -* — C- 


x'^ 


then  is  CM^  — CP^  = PM^,  that  is  r'^ 

: yA  I which  is  another  form  of  the  equation  of 
the  curve. 

The  dohlrine  of  curve  lines  in  general,  as  expreffed 
by  algebraical  equations,  was  firfl  introduced  by  Des 
Cartes,  who  called  algebraical  curves  geometrical  ones  j 
as  admitting  none  elfe  into  the  conilriidlion  of  pro- 
blems, nor  confequently  into  geometry.  13 at  Newton, 
and  after  him  Leibnitz  and  Wolfius,  are  of  another  opi- 
nion 5 and  think,  that  in  the  conftrudlion  of  a problem, 
one  curve  is  not  to  be  preferred  to  another  for  its 
being  defined  by  a more  limple  equation,  but  for  its 
being  more  eafily  deferibed. 

Algebraical  or  geometrical  lines  are  bell  diffinguifiied 
into  orders  according  to  the  number  of  dimenfions  of 
the  equation  expreffing  the  relation  between  its  ordi- 
nates and  abfciffes,  or,  which  is  the  fame  thing,  accord- 
ing to  the  number  of  points  in  which  they  may  be  cut 
by  a right  line.  And  curves  of  the  fame  kind  or  order, 
are  thofe  whofe  equations  rife  to  the  fame  dimenfion. 
Hence,  of  the  firfl  order,  there  is  the  right  line  only ; 
of  the  2d  order  of  lines,  or  the  firfl  order  of  curves, 
are  the  circle  and  conic  feCtions,  being  4 fpecies  only, 

viz,  dx  — X'-  the  circle, 


dx 


x^  = 


the 


ellipfe 


j 


c'^ 

-f  A®  rr:  y“  the  hyperbola,  and  Vv 

the  parabola  : the  lines  of  the  3d  order,  or  curves  of 
the  2d  order,  are  expreffed  by  an  equation  of  the  3d 
degree,  having  three  roots  ; and  fo  on.  Of  thefe  lines 
of  the  3d  oidy^r,  Newton  wrote  an  exprefs  treatife,  im- 
dei  the  title^  uf  Enumeratio  Linearum  Tertii  Ordinis, 
fhewing  their  diilinCtive  charaflers  and  properties,  to 
tne  numbe^r  of  ^2  different  fpecies  of  curves : but  Mr. 
Sdrling  afterwards  added  four  more  to  that  num- 
ber; and  Mr.  Nic.  Bernoulli  and  Mr.  Stone  added  two 
more. 

Caiv'e.s  of  the  2d  and  other  higher  kinds,  Newton  ob- 
ferves,  have  parts  and  properties  fimilar  to  thofe  of  the 
lit  kind  ; Thus,  as  the  conic  fedlions  have  diameters 
and  axes  ; the  lines  bifefled  by  thefe  are  ordinates ; and 
f he  intei'feClion  of  the  curve  and.  diameter,  the  vertex; 
h),^  in  curves  01  the  2d  kind,  any  two  parallel  right  lines 
being  diawn  to  meet  the  curve- m 3 pomts  ; a right  line 
cutting  thefe  parallels  fo,  as  that  the  fum  of  the  two 
paits  betv/een  tlie  fecant  and  the  curve  cn  one  -fide,  is 
equal  to  the^  3d  part  terminated  by  the  curve  on  the 
other  fide,  ill  cut,  in  tlie  fame  manner,  all  other  right 
-UiCa  parallel  to  thefe,  and  tliat  meet  the  curve  in  three 
points,  that  is,  fo  as  that  the  fum  of  the  two  parts  on 
one  fide,  will  Hill  be  equal  to  the  3d  part  on  the  ether 
u*  three  parts  therefore  thus  equal,  may  be 

caiicd  Ordinates,  or  applicates  / the  cutting  line,  the  -dia- 
meter ; 
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meter ; and  where  it  cuts  the  ordinates  at  right  angles, 
the  axis  ; the  interiedlion  of  the  diameter  and  the  curve, 
the  vertex  ; and  the  concourfe  of  two  diameters,  the 
eentre  ; alfo  the  concourfe  of  all  the  diameters,  the  com- 
mon or  general  centre. 

Again,  as  an  hyperbola  of  the  firft  kind  has  two 
- afyinptotes  ; that  of  the  2d  has  3 ; that  of  the  3d  has 
4 ; &c  : and  as  the  parts  of  any  right  line  between  the 
conic  hyperbola  and  its  two  afymptolcs,  are  equal  on 
cither  fide  ; fo,  in  hyperbolas  of  the  2d  kind,  any  right 
line  cutting  the  curve  audits  three  afym.ptctes  in  three 
points  ; the  lum  of  the  two  parts' of  that  right  line,  ex- 
tended from  any  two  afymptotcs,  the  fame  way,  to  two 
points  of  the  curve,  will  be  equal  to  the  3d  part  ex- 
tended from  the  3d  aiymptote,  the  contrary  way,  to 
the  3d  point  of  the  curve. 

Again,  as  in  the  conic  fections  that  are  not  parabo- 
lical, the  fquare  of  an  ordimite,  i.  e.  thereftangle  of  the 
6rdinates  drawm  on  the  contrary  Tides  of  the  diame- 
ter, is  to  the  recfangle  of  the  parts  of  the  diameter 
terminated  at  the  vertices  of  an  ellipfe  or  hyperbola; 
in  the  fame  proportion  as  a given  line  called  the  latus 
redfcum,  is  to  that  part  of  the  diameter  which  lies  be- 
tween the  vertices,  and  called  the  latu«i  tranfverfum: 
fo,  in  curves  of  the  2d  kind,  not  parabolical,  the  paralle- 
lepiped under  three  ordinates,  is  to  the  parallelopiped 
under  the  parts  of  the  diameter  cut  olf  at  the  ordinates 
and  the  three  vertices  of  the  figure,  in  a given  ratio 
in  which,  if  there  be  taken  three  right  lines  fituate  at 
tlie  three  parts  of  the  diameter  between  the  vertices 
of  the  figure,  each  to  each  ; then  thefe  three  right 
lines,  may  be  called  tlie  latera  reda  of  the  figure  ; and 
the  parts  of  the  diameter  between  the  vertices,  the  latera 
tranfverfa. 

And,  as  in  a conic  parabola,  which  has  only  one  ver- 
tex to  one  and  the  fame  diameter,  the  redlangle  under 
the  ordinates  is  equal  to  the  redlangle  under  the  part 
of  the  diameter  cut  off  at  the  ordinates  and  vertex,  and 
a given  right  line  called  the  latus  reclum  : fo,  in  curves 
of  the  2d  kind,  which  have  only  two  vertices  to  the 
fame  diameter,  the  parallelopiped  under  three  ordinates, 
is  equal  to  the  parallelopiped  under  two  parts  of  the 
diameter  cut  off  at  the  ordinates  and  the  two  vertices, 
and  a given  right  line,  which  may  therefore  be  called 
the  latus  tranfverfvm. 

Further,  as  in  the  conic  feflions,  where  t’wo  parallels, 
terminated  on  each  fide  by  a curve,  are  cut  bv  two  other 
parallels  terminated  on  each  fide  by  a curve,  the  iff  by 
the  3d,  and  the  2d  by  the  4th  ; the  recfangle  of  the 
parts  of  the  ift  is  to  the  rectangle  of  the  parts  of  the 
3d,  as  that  of  the  2d  is  to  that  of  the  4th  : fo,  tvhen 
four  fiich  right  lines  occur  in  a curve  of  the  2d  kind, 
each  in  three  points  ; the  parallelopiped  of  the  parts  of 
the  iff,  will  be  to  that  of  the  parts  of  the  3d,  as  tlot  of 
the  2d  to  that  of  the  4th. 

Laffly,  the  legs  of  curves,  both  of  the  iff,  2d,  and 
' higher  kinds,  are  either  ot  the  parabolic  or  hyperbolic 
kind : an  hyperbolic  leg  being  that  which  approaches 
infinitely  towards  fome  afymptote  ; and  a parabolic  one, 
that  which  has  no  aTym^ptote. 

Thefe  legs  are  belt  dilfinguifiied  by  their  tangents  ; 
for,  if  the  point  of  contadf  go  off  to  an  infinite  cliltance, 
the  tangent  of  the  hyperbolic  leg  will  coincide  wuth 
the  afymptote  j and  that  of  the  parabolic  leg,  recede 
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infinitely,  and  vanifh.  Therefore  the  afymptote  of  any 
leg  is  found,  by  feeking  the  tangent  of  that  leg  to  a 
point  Infinitely  diffant ; and  the  diredfion  of  an  infinite 
leg  is  found,  by  feeking  the  pofition  of  a right  line 
parrdlel  to  the  tangent,  where  the  point  of  contadf  is 
infinitely  remote,  for  this  line  tends  that  way  towards 
which  the  infinite  leg  is  directed. 


Redii^ion  of  Curfes  of  the  2d  kind. 


Newton  reduces  all  curves  of  the  2d  kind  to  four 
cafes  of  equations,  expreffing  the  relation  between  the 
ordinate  and  abfeifs,  viz. 


in  tlie  I if  cafe,  xy'^  + ey  — ax'^  -j-  hx'^  + cx  -[-  d ; 
in  the  2d,  - xy  ax^  -j-  “f-  cx  d ^ , 

in.  the  3d,-.  . 4^  = hx"  -f*  cx  d y . 

in  the  4th,  -•  y • — ax^  -j-  bx^  -p  cx  -j-'  a. 
See  Newton’s  Enumeratio,.  feef.  3 ; and  Stirlin 
Lineie,  die,  pa.  83.  ' 


Enumeration  of 'the  Curves  of  the  2d  kind. 

Under  thefe  four  cafes,  the  author  brings  a great 
number  of  different  forms  of  curves,  to  which  he  gives 
different  names.  An  hyperbola  lying  wholly  within 
the  angle  of  the  afymptotes,  like  a conic  hyperbola,  he 
calls  an  tnfcrlhed  hyperbola  ; that  which  cuts  the 
afymptotes,  ane],  contains  the  parts  cut  off  within  its 
own  periphery,  a circurfcrllcd hyperbola  ; that  which  has 
one  of  its  infinite  legs  inferibed  and  the  other  circum- 
feribed,  he  calls  amhlgenal  ; tliat  whole  legs  look  to- 
wards each  other,  and  are  dirccled  the  fame  way,  con- 
verging ; that  where  they  look  contrary  ways,  diver- 
ging ; that  where  tliey  are  convex  different  ways,  errfs- 
legged ; that  applied  to  its  afymptote  vrith  a concave 
vertex,  and  diverging  legs,  concholdal ; that  which  cuts 
its  afymptote  witii  contrary  flexures,  and  is  produced 
each  way  into  contrary  legs,  angulneous,  or  fnake-Uke  ; 
that  v/hich  cuts  its  conjugate  acrofs,  cruciform  ; tha,t 
which  returning  around  cuts  itielf,  nodated ; that  whofe 
p:;rts  concur  in  die  angle  of  contacl,  and  there  termi- 
nate, cnfpldatcd  ; that  wlicfe  conjugate  is  oval,  aitd  in- 
finitely  fmail,  i.  c.  a point,  pointed ; that  which,  from 
the  impofiibiiity  of  two  roots,  is  without  either  cval^ 
r.vide,  cufp,  or  point,  pure.  And  in  the  fame  manner 
he  denominates  a parabola  convergings  diverging,  cruci- 
form, dec.  AIl'o  when  die  number  of  hyperbolic  legs 
exceeds  that  of  the  conic  hyperbola,  that  is  more  than 
two,  he  calls  the  hyperbola  redundant. 

UndtT  tliofe  4 cafes  the  author  enumerates -72  difj 
ferent  curves:  of  tliefe,  9 are  reJuudaiit  hyperbolas, 
without  diameters,  having  three  afymptotes  including 
a triangle  ; the  firll  confiiling  of  three  hyperbolas,, 
one  inferibed,  another  circumferibed,  and  the  third 
ambigenal,  witli  an  oval  ; the  2d,  nodated  ; the  3d, 
cufpidated  ; the  4th,  pointed  ; the  ylli  and  6tb,  pure  ; 
the  yth  and  8tli,  cruciform  ; the  9th  or  laft,  anguineal. 
There  are  12  redundant  hyperbolas,  having  only  one 
diameter:  the  ill,  oval;  the  2d,  nodated;  the  3d, 
cufpidated ; the  4th,  pointed  ; 5th,  6th,  7th,  and  Sth, 
pure;  the  9th  and  loth,  cruciform;  the  iith  and 
12th,  cnnchoidal.  And  to  this  cials  Stirling  adds  2 
more,  'i’here  are  2 redundant  hyperbolas,  with  three  di- 
ameters. There  are  9 redundant  hyperbolas,  with  three 
afymptotes  converging  to  a common  point  ; the  i it 
bciug  formed  of  the  5th  and  6th  redundant  parabolas, 

whufe 
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A’ liofe  afymptotes  include  a triangle  ; tlie  2d  formed  of 
the  7i:h  and  8th  ; the  3d  and  4th,  of  tlie  ptli ; the  ytli 
is  formed  of  the  7th  and  7th  of  the  redundant  hyper- 
bolas, with  one  diameter  ; the  6th,  of  the  6th  and  7 th  ; 
the  7th,  of  the  8th  and  9th  ; the  8th,  of  the  lothand 
lith  ; the  9th,  of  the  12  th  and  13th  : all  which  con- 
verfions  are  effedled,  by  diminiiliing  tlie  triangle  com- 
prehended between  the  afymptotes,  till  it  vanifh  into 
a point. 

Six  are  defeftive  parabolas,  having  no  diameters  : 
'the  ift,  oval;  the  2d,  nodated ; the  3dj  culpidated  ; 
ttlie  4th,  pointed  ; t])e  5th,  pure  ; See. 

Seven  are  defedlive  hyperbolas,  having  diameters  ; 
the  I ft  and  2d,  conchoidal,  with  an  oval;  the  3 cl,  no- 
^ dated  ; the  4th,  cufpidated,  which  is  the  ciftoid  01  the 
ancients  ; the  5th  and  6th,  pointed  ; the  7tli,  pure. 

Seven  are  parabolic  hyperbolas,  Imving  diaineters  : 
the  I ft,  oval  ; the  2d,  nodated ; the  3d,  cuipidated  ; 
the  4th,  pointed;  the-yth,  pure;  the  6th,  cruciform; 
the  7th,  anguineous. 

Four  are  parabolic  hypeibolas:  four  are  hyperbo* 
Iifms  of  the  hyperbola:  three,  hyperbolas  of  the  ellip- 
sis : two,  hyperbolifms  of  the  parabola. 

*Six  are  diverging  parabolas  ; one,  a trident ; the  2d, 
oval  ; the  3d,  nodated  ; the  4th,  pointed  ; the  5th, 
cufpidated  ('which  is  NeiPs  parabola,  ufually  called  the 
femi-cubical  parabola)  ; the '6th,  pure. 

I^aftly,  one,  commonly  called  the  cubical  parabola. 

Mr.  Stirling  and  Mr.  Stc'me  have  ftiewn  that  this 
’.enumeration  is  imperfedf,  the  former  having  added 
four  new  fpecies  of  curves  to  the  number,  and  the  lat- 
ter two,  or  rather  thefe  two  were  firft  noticed  by  Mr. 
Nic.  Bernoulli.  Alfo  Mr.  Murdoch  and  Mr. 'Geo. 
Sanderfon  have  found  fome  new  fpecies  ; though  feme 
perfons  difpute  the  reality  of  them.  See  the  Genefis 
'Curvarum  per  umbras,  and  the  Ladies’  Diary  1788 
and  1789,  the  prize  qiieftion. 

Organical  Defcripiion  of  Curves. — Sir  Ifaac  Newton 
fhews  that  curves  may  be  generated  by  fliadows.  Fie 
fays,  if  upon  an  infinite  plane,  illuminated  from  a 
lucid  point,  the  fliadows  of  figures  be  projedted  ; the 
fhadows  of  the  conic  fedlions  will  always  be  conic  fec- 
tions  ; thofe  of  the  curves  of  the  2d  kind,  will  always 
be  curves  of  the  2d  kind  ; thofe  of  the  curves  of  the 
3d  kind,  will  always  be  curves  of  the  3d  kind ; and  fo 
'On  ad  infinitum 

And,  like  as  the  projected  fhadow  of  a circle  gene- 
rates all  the  conic  fedfions,  fo  the  5 diverging  para- 
bolas, by  their  fhadows,  will  generate  and  exhibit  all 
the  reft  of  the  curves  of  the  20  kind  : and  thus  fom.e  of 
'the  moft  fimple  curves  of  the  other  kinds  may  be  round, 
which  will  form,  by  tlieir  fnadows  upon  a plane,  pro-- 
jedted  from  a lucid  point,  ail  the  other  curves  of  that 
fame  kind.  .And  in  the  b'rench  Memoirs  may  be  fecn 
a demonftraticn  of  this  prejedf  ion,  with  a fpecimen  of 
a few  of  tlie  curves  of  the  2d  order,  which  mav  be 
generated  by  a plane  cuttinm  a fblid  formed  from  the 
motion  of  an  infinite  right  line  along  a diverging  para- 
bola, having  an  oval,  always  paffing  tlirough  a given 
or  fixed  point  above  tlie  plane  of  that  parabola.  The 
above  method  of  Newton  has  alfo  been  purfued  and  il- 
luftrated  with  great  elegance  by  Mr.  Murdoch,  in  his 
treatife  entitled  Nejvicr.i  Genejis  Cnr'vayvm  per  umhreis, 
feu  Pejfp-eUh'd  Unlverfal  s-  Ekmenta, 


Mr.  Maclaurin,  in  his  Geometyia  Organki%  fhews  ho’tv 
to  deferibe  feveral  of  the  fpecies  of  curves  of  the  2d 
order,  efpecialiy  thofe  having  a double  point,  by  the 
motion  of  right  lines  and  angles  : but  a good  commo- 
dious defeription  by  a co-ntinued  motion  of  thofe  curvet 
which  have  no  double  point,  is  ranked  by  Newton 
among  the  moft  difticult  problems.  Newton  gives  alfo 
other  methods  of  defeription,  by  lines  or  angles  re- 
volving above  given  poles  ; and  Mr.  Brackenridge  iias 


given  a general  metbod  of  defi 


iiiterfeclion  of  rip'lit 


criDing  curves, 


by  the 


lines  moving  about  points  in  a 
ilof.  Tranf.  No.  437,  or  Abr 
, pa.  58  ; and  fome  particular  cafes  are  demon- 
his  Exerc,  Geornetrica  de  Cin'^oarum  Dcfcrip~ 


given  plane, 
vol.  8 
ftrated  in 
tiorie. 

Curves  ahG‘ve  the  2d  Order.  The  number  of  fpecies 
in  tlie  higher  orders  of  curves  increafe  amazingly,  thofe 
of  tlie  3d  order  only  it  is  thought  amounting  to  fome 
thouiands,  all  compreliend'-d  under  the  following  ten 
particular  equations, 


viz,  I, 


or 

or 

or 

or 

or 
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Thofe  -who  wdfh  to  fee  how  far  this  dodfrinc  lias  been 
advanced,  with  regard  to  curves  of  the  higher  orders, 
as  well  as  thofe  of  the  ift  and  2d  orders,  mav  confult 
Mr.  Maclaurin’s  Geometna  Organica,  and  Bracken- 
ridge’s  Exerc.  Geom. 

All  geometrical  lines  of  the  odd  orders,  viz,  the  3d, 
5th,  7tli,  &c,  have  at  leaft  one  leg  running  on  infi- 
nitely ; becaufe  all  equations  of  the  odd  dimenfions 
have  at  leaft  one  real  root.  But  vaft  numbers  of  the 
lines  of  the  even  orders  are  only  ovals ; among  which, 
there  are  feveral  having  very  pretty  figures,  fome  being 
like  fingle  hearts,  fome  double  ones,  fome  refembling 
fiddles,  and  others  again  fingie  knots,  double  knots. 
See, 

Two  geometrical  lines  of  any  order  will  cut  one  ano- 
ther in  as  many  points,  as  are  denoted  by  the  produdl 
of  the  twm  numbers  exprefling  thofe  orders. 

The  theory  of  curves  forms  a confiderable  branch  of 
the  mathematical  fcieiices.  Thofe  who  arc  curious  of 
advancing  beyond  the  knowledge  of  the  circle  and  the 
conic  fedtions,  and  to  confider  geometrical  curves  of  a 
higher  nature,  and  in  a general  view,  will  do  wmll  to 
ftiidy  Cramer’s  Introdufifion  a I’Analyfe  des  Lignes 
Courbes  Algebraiqnes,  which  the  learned  and  inge- 
nious author  compofed  for  tlie  ufe  of  beginners.  There 
is  an  excellent  pofthumous  piece  too  of  Maclaiirin’s, 
printed  as  an  Appendix  to  his  Algebra,  and  entitled 
I)e  Linearnm  Gcometricarum  Proprietatibiis  Genera- 
libiis.  The  fame  author,  at  a very  early  age,  gave  a 
remarkable  fpecimen  of  his  genius  and  knowledge  in  hi« 
Geometria  Organica  ; and  lie  carried  thefe  fpeculations 
farther  afterwards,  as  may  be  feen  in  tlie  theorems  he 
3 has 
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has  given  in  the  Philof.  Tranf.  See  Abr.  vol,  8,  pa.  62. 
Other  writings  on  this  fubjeft,  befide  the  Treatifes  on 
the  Conic  Sedlions,  are  Archimedes  de  Spiralibiis ; 
Oes  Cartes  Geometria  ; Dr.  Barrow’s  Ledliones  Geo- 
metries; ; Newton’s  Enumeratio  Linearum  Tertii  Or- 
dinis;  Stirling’s  Illuftratio  Tradtatus  Newtoni  de  Lineis 
Tertii  Ordinis  ; Madaiirin’s  Gjeometria  Organica  ; 
Btackenridge’s  Delcriptio  Linearum  Curvarurn ; M. 
De  Gua’s  Ufages  de  I’Analyfe  de  Des  Cartes  ; behde 
many  other  Tracts  on  Curves  in  the  Memoirs  of  feveral 
Academies  See. 

Ufc  (^'Curves  in  the  ConfiruH'ion  of  Equations.  One 
great  ufe  of  curves  in  Geometry  is,  by  means  of  their 
interfedtioiis,  to  give  the  folution  of  problems.  See 
CoKSTRUCTION. 

Suppofe,  ex.  gr.  it  were  required  to  conflrudl  the 
following  equation  of  9 dimenfions, 

-f- -f  CA ^ -p dx 5 H- ex^  + m + ^ + /’  = o : 

aflume  the  equation  to  a cubic  parabola  x'^  ~ y \ then, 
by  writing  y for  a 3,  the  given  equation  will  become 
y ^ + Ixy'^  + cy ^ -p  dx  d'  + evy  -p  my  -\-fx  ^ “ + hx  o ; 

an  equation  to  another  curve  of  the  2d  kind,  where  m 
or  f may  be  alTumcd  — o or  any  thing  elle  : and  by  the 
deicriptions'  and  interfedtions  of  thefe  curves  will  be 
given  the  roots  of  the  equation  to  be  conflrudled. 
It  is  fufhcierit  to  deferibe  the  cubic  parabola  once. 
When  the  equation  to  be  conltrudted,  by  omitting  the 
two  lail  terms  hx  and  k,  is  reduced  to  7 dimenfions  ; 
the  other  curve,  by  expunging  m.y  will  have  the  double 
point  in  the  beginning  of  the  ablcils,  and  may  be  eafily 
deferibed  as  above  : 11  it  be  reduced  to  6 dimenfions, 
by  omitting  the  lall  three  terms,  + />.v  + ; the 
other  cun.'e,  by  expunging  f,  will  become  a conic  fec- 

* tion.  And  if,  by  omntting  the  laft  three  terms,  the 
equation  be  reduced  to  three  dimenfions,  we  fliall  fall 
upon  Wallis’s  conllruCfion  by  the  cubic  parabola  and 
right  line. 

Kcd'if cation^  Infection.)  ffiadrature,  of  Curves. 
See  the  refpeftivc  terms. 

Curve  of  a Double  Cur%'aiure,  is  fucli  a curve  as  has 
not  all  its  parts  in  tlie  hime  plane. 

M.  Clairaut  has  publlUred  an  ingenious  treatife  on 
curves  of  a double  curvature.  See  his  Recherches  fur 
les  Combes  a Double  Courbure.  Mr.  Euler  has  alfo 
treated  this  fubjedl  in  the  Appendix  to  his  Analyfis 

• Infinitorum,  vol.  2,  pa.  323. 

Favniy  of  Q-\sk\es,  is  an  affemblage  of  feveral  curves 
of  different  kinds,  all  defined  by  the  fame  equation  of 
an  indeterminate  degree  ; but  differently,  according  to 
the  diverfity  of  their  kind.  For  example,  Suppofe  an 

equation  of  an  indeterminate  degree,  — y'^:  if 

w — 2y  then  will  ax  —y^  ; if  rn  :=  3,  tlien  will  a^x'  —y^  ; 
if  fii  z=z  q,  then  is  a^x  — y'^  ; Sec  : all  which  curves  are 
faid  to  be  of  the  fame  family  or  tribe. 

The  equations  by  which  the  families  of  curves  are 
defined,  are  not  to  be  confounded  with  the  tranfeen- 
dental  ones  : for  though  with  regard  to  the  whole  fa- 
mily, they  be  of  an  indeterminate  degree  ; yet  with 
refpedl  to  each  feveral  curve  of  the  family,  they  are 
determinate  ; whereas  tranfcendental  equations  are  of 
an  indefinite  degree  with  refpedt  to  the  fame  curve. 

Ail  Algebraical  curves  therefore  compofe  a certain 
family,  confiffing  of  innumerable  others,  each  of  which 
'comprehends  infinite  kinds.  For  the  equations  by 
Vol.  I. 


which  curves  are  defined  involve  only  produdls,  either 
of  powers  of  the  abfeifles  and  ordinates  by  conllant  co- 
efficients ; or  of  powers  of  the  abfclffes  by  powers  of  the 
ordinates  ; or  of  conftant,  pure,  and  fimple  quantities 
by  one  another.  Moreover,  every  equation  to  a curve 
may  have  o for  one  member  or  fide  of  it ; for  example, 
ax  = y^j  by  tranfpofition  becomes  ax  —y-  = o.  There- 
fore the  equation  for  all  algebraic  curves  Avill  be 

ay”^  -P  ^ -p  nx'^y”’’  ^ Sec  - - - fy’^  | 

+ 1=0. 
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Catacaufic^  and  Diacaujlic  Curves.  SccCatacau- 
STic,  and  Diacaustic. 

Exponential  Curve,  is  tliat  which  is  defined  by  an 
exponential  equation,  as  ax'^  = Jy  Sec. 

Curves  by  the  Eighty  or  Courbes  a la  Lumiere^  a 
name  given  to  certain  curves  by  M.  Kurdwanowfld,  a 
Polifh  gentleman.  He  obferved  that  any  line,  ftralght 
or  curved,  expofed  to  the  adtion  of  a luminous  point, 
received  the  light  differently  in  its  different  parts,  ac- 
cording to  their  dlffance  from  the  light.  Thefe  dif- 
ferent effedts  of  the  light  upon  each  point  of  the  line, 
m.ay  be  reprefented  by  the  ordinates  of  fome  curve, 
which  will  vai*)^  precifely  with  thefe  effedf s.  Priellley’s 
Hill,  of  Vlfion,  pa.  752. 

Logarithmic  Curve.  See  Logarithmic  Curve. 

Curve  Refe^oire-,  fo  called  becaufe  it  is  the  ap- 
pearance of  the  plane  bottom  of  a bafon  covered  with 
water,  to  an  eye  perpendicularly  over  it.  In  this  po- 
fitlon,  the  bottom  of  the  bafon  will  appear  to  rife  up- 
wards, from  the  centre  outwards  ; but  the  curvature 
will  be  lefs  and  lefs,  and  at  lafl  the  lurfacc  of  the  water 
will  be  an  afymptote  to  it.  M.  Mairan,  who  firff  con- 
ceived this  idea  from  the  phenomena  of  light,  found 
alfo  feveral  kinds  of  thefe  curves  ; and  he  gives  a geo- 
metrical dedudfion  of  their  properties,  ffiewing  their 
analogy  to  caifilics  by  refradfion.  Mem.  Ac.  1740; 
Prieftley’s  Hill,  of  Vlfion,  pa.  752. 

R.adical  Curves,  a name  given  by  fome  authors  to 
curves  of  the  fjiiral  kind,  whofe  ordinates,  if  they  may 
be  fo  called,  do  all  terminate  in  the  centre  of  the  in- 
cluding circle,'  and  ajipcar  like  fo  many  radii  of  that 
circle  ; whence  the  name. 

Regular  Curves,  arc  fuch  as  have  their  curvature 
turning  regularly  and  continually  the  lanre  way  ; in 
oppofition  to  fiieh  as  bend  contrary  ways,  by  having 
points  of  contrary  llexure,  wlilch  are  called  irregular 
curves. 

Charaderific  Triangle  of  a Curve,  is  the  differential 
or  elementary  right-angled  triangle  whofe  three  fides 
are,  the  fluxions  of  the  abfeifs,  ordinate,  and  curve; 
the  fluxion  of  the  curve  being  the  hypothenufe.  So, 
if  pq  be  parallel  to,  and  indefi- 
nitely near  to  the  ordinate  Pf!^ 
and  Qr  parallel  to  the  ablcils  AP ; 
then  Qr  is  the  fluxion  of  the  ab- 
feifs and  qr  the  fluxion  of 

the  ordinate  PQj^  ^ind  the 
fluxion  of  the  curve  A‘Q;  hence 
the  elementary  triangle  O yr  is  the 
charadlerillic  triangle  ot  the  curve  AQ^;  and  the 
three  fides  are  v,  y,  ; in  wliich  od  -\-y^  = kd. 

CURVILINEAR  Angle,  Figure,  Superfeies,  GV, 
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are  fucli  as  are  formed  or  bounded  by  curves  ; in  oppo- 
fition^o  rectilinear  ones,  which  are  formed  by  hraigdit 
lines  or  planes. 

CUSP,  in  Aflronomy,  is  ufed  to  exprefs  the  points 
or  horns  of  the  moon,  or  other  luminary. 

Cusp,  in  Ailrology,  is  ufed  for  the  ih  point  of  each 
of  the  twelve  houfes,  in  a figure  or  fcherae  of  the 
heavens.  SeePIousE. 

Cusp,  in  the  Higher -Geom.etry,  is  ufed  for  the 
point  or  corner  formed  by  two  parts  of  a curve  meet- 
ing and  terminating  there.  See  Curve. 

Cuspidated  Hyperbola,)  &c.  See  Curve. 

CUT-Basticn.  See  Bastion. 

CUVETTE,  or  CuNETTE,  in  Fortification,  is  a 
kind  of  ditch  within  a ditch,  being  a pretty  deep 
trench,  about  four  fathoms  broad,  funk  and  running 
along  the  middle  of  the  great  dry  ditch,  to  hold  water  ; 
ferving  both  to  keep  off  the  enemy,  and  prevent  him 
Irom  mining. 

CYCLE,  a certain  period  or  feries  of  numibers  pro- 
ceeding orderly  from  hrll  to  laf,  then  returning  again 
to  the  firlh,  and  fo  circulating  perpetually. 

Cycles  have  chiefly  arifen  from  the  incommenfura- 
bility  of  the  revolutions  of  the  earth  and  ceieftial  bo- 
dies to  one  another.  The  apparent  revolution  of  the 
fun  about  the  earth,  has  been  arbitrarily  divided  into 
24  hours,  which  is  the  bafis  or  foundation  of  a.!!  our 
menfuiation  of  time,  whether  days,  years,  &c.  But 
neither  the  annual  motion  of  the  fun,  nor  that  of  the 
other  heavenly  bodies,  can  be  meafured  exadfly,  and 
without  any  remainder,  by  hours,  or  their  multiples. 
That  of  the  fun,  for  example,  is  365  days  5 hours 
49  minutes  nearly  ; that  of  the  moon,  29  days  12  hours 
44  minutes  nearly. 

Hence,  to  fwallow  up  thefe  fraclions  in  whole  num- 
bers, and  yet  in  numbers  which  only  exprefs  da^/s  and 
years,  cycles  have  been  invented ; Vvhich,  compre- 
hending feveral  revolutions  of  the  fame  body,  replace  it, 
after  a certain  number  of  years,  in  the  fame  points  of 
the  heaven  wTence  it  firft  departed  ; or,  which  is  the 
fame  thing,  in  the  fame  place  of  the  civil  calendar. 

There  are  various  cycles  ; as,  the  cycle  of  Indidlion, 
the  cycle  of  the  moon,  the  cycle  of  the  fun,  &c. 

Cycle  of  Indl^tlon,  is  a feries  of  15  years,  returning 
conilantly  around  like  the  other  cycles ; and  com- 
menced from  the  third  year  before  Chrife ; wdience  it 
happens  that  if  3 be  added  to  any  given  year  of  Clirift, 
and  the  fum  be  divided  by  15,  wdiat  remains  is  the  year 
of  the  indiftiom.  See  Indiction. 

Cycle  f the  Moon,,  or  the  Zamar  Cycle,  is  a period 
of  19  years;  in  which  time  the  new  and  full  moons 
return  to  the  fame  day  of  the  Julian  year.  See  C a lip- 
pic. 

This  cycle  is  alfo  called  the  Metonic  period  or  cycle, 
from  its  inventor  Meton,  the  Athenian  ; and  alfo  the 
Golden  Zhnnher,  from  its  excellent  ufe  in  the  calendar  : 
thoilgh,  properly  fpeaking,  the  golden  number  is  rather 
the  particular  number  which  fhews  the  year  of  the 
lunar  cycle,,  which  any  given  year  is  in.  This  cycle 
of  the  moon  only  holds  true  for  3 10  A-  yem's  : for, 
thougii  the  new  moons  do  return  to  the  fame  day  after 
19  years  ; yet  not  to  the  fame  time  of  the  day,  but  near 
an  hour  and  a half  fooner ; an  error  which  in 


years  amounts  to  an  entire  day.  Yet  thofe  employe^ 
in  reforming  the  calendar  went  on  a fuppohtion  tha^ 
the  lunations  return  precifely  ftom  19  years  to  19  years? 
for  ever. 

The  ufe  of  this  cycle,  in  the  ancient  calendar,  is  to 
iliew  the  new  moon  of  each  year,  and  the  time  of 
Eafter.  In  the  new  one,  it  only  ferves  to  find  the 
Epafts ; which  fiiew,  in  either  calendar,  that  the  new 
moon  falls  1 1 days  too  late. 

As  the  Orientals  began  the  ufe  of  this  cycle  at  the 
time  of  the  Council  of  Nice  in  325,  theyaffumed,  that 
the  firfl:  year  of  the  cycle  the  pafchal  new  moon  fell 
on  the  13th  of  March:  on  wdiich  account  the  lunar 
cycle  3 fell  on  the  ift  of  January  in  the  third  year. 

The  Occidentals,  on  the  contrary,  placed  the  number 
I to  the  I ft  of  January,  vAich  occafioned  a confiderabic 
difference  in  the  time  of  Eafter.  Elence,  Dionyfiua 
Exiguiis,  on  flaming  a new  calendar,  perfuaded  the 
Chriftians  of  th  e weft  to  falve  the  difference,  and  come 
into  the  pradlice  of  the  church  of  Alexandria. 

To  find  the  Tear  of  the  Lunar  Cycle,  is  to  find  the 
golden  number.  See  GoL'D'E.yi-Nirmber, 

Cycle  of  the  Sun,  or  Solar  Cycle,  is  a period  or  re- 
volution of  28  years;  beginning  with  i,  and  ending 
with  28  ; which  elapfed,  the  Dominical  or  Sunday- 
letters,  and  thofe  that  exprefs  the  other  feafts,  &c,  re- 
turn into  their  former  place,  and  pro.ceed  in  the  fame 
order  as  before.  The  days  of  the  month  return  again 
to  the  fame  days  of  the  week  ; the  fim^s  place  to  the 
fam.e  figns  and  degrees  of  the  ecliptic  on  the  fame 
months  and  days,  lo  as  not  to  differ  one  degree  in  a 
hundred  years  ; and  the  leap  years  begin  the  fame 
courfe  with  refpedf  to  the  days  of  the  week  orx  which* 
the  days  of  the  month  fall. 

This  is  called  the  cycle  of  the  fun,  or  the  Jolar  cycle, 
not  from  any  regard  to  the  fun’s  courfe,  which  has  no 
concern  in  it ; but  from  Sunday,  anciently  called  dies  foils, 
the  fun’s  day  ; as  the  dominical  or  funday  letter  is 
chiefly  fought  for  from  this  revolution. 

The  reformation  of  the  calendar  under  pope  Gregory 
the  13^5  occafioned  a confiderable  alteration  of  this 
c^m-le  ; In  the  Gregorian  calendar,  the  folar  cycle  i& 
not  conftant  and  perpetual ; becaufe  every  4th  fecular 
year  is  common  ; wliereas,  in  the  Julian,  it  is  biffex- 
tile.  The  epoch,  or  beginning  of  the  folar  cycle, 
both  Julian  and  Gregorian,  is  the  9th  year  before 
Chrift.  And  tlierefore, 

7 0 fnd  the  Cycle  of  the  Sun  for  any  gHen  year  : add  9 
to  the  number  given,  and  divide  the  fum  by  28  ; the 
remainder  will  be  the  numiber  cf  the  cycle,  and  the 
quotient  the  number  of  revolutions  fince  Chrift.  If 
there  be  no  remainder,  it  will  be  the  28th  or  laft  year 
of  the  cycle. 


C\  CLE  of  the  Sun,  with  the  correfpondent  Sunday  letters, 

in  Julian  Years. 
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CYCLE  of  the  SuO)  and  Sunday  Letters,  from  the  Gre- 
gorian year  1700  to  the  year  180c. 
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Great  Pafcal  Cycle,  is  another  name  for  the  Vic- 
torian or  Dionyfian  Period.  Which  fee. 

CYgI^OID,  or  Trochoid,  a mechanical  or  tran- 
fcendental  curve,  which  is  thus  generated : Suppoie 
a wheel,  or  a circle,  AE,  to  roll  along  a ftraight 
line  AB,  beginning  at  the  point  A,  and  ending  at  B, 
where  it  has  completed  jull  one  revolution,  thereby 
meafuring  out  a right  line  AB  exa6lly  equal  to  the 
‘ circumference  of  the  generating  circle  AE,  whilll  a 
nail  or  point  A In  the  circumference  of  tlie  wheel,  or 
circle,  traces  out  or  defcribes  a curvilineal  path  ADB  ; 
then  this  curve  ADB  is  the  cycloid,  or  trochoid. 


vSchooten,  in  his  Commentary  on  Des  Cartes,  fays 
that  Des  Cartes  firft  conceived  the  notion  of  this  ele- 
gant curve,  and  after  him  it  was  flril  publifhed  by  Father 
Merfenne,  in  the  year  1615.  But  Torricelli,  in  the 
Appendix  de  Dimenfione  Cycloidis,  at  the  end  of  his 
treatife  De  Dimenfione  Parabolie,  publilhed  1644,  fays 
that  this  curve  was  confidered  and  named  a cycloid, 
by  his  predecefTors,  and  particularly  by  Galileo  about 
45  years  before,  i.  e.  about  1599.  And  Dr.  Wallis 
Ihews  that  it  is  of  a much  older  (landing,  having 
been  known  to  Bovllli  about  the  year  1500,  and 
even  confidered  by  cardinal  Cufanus  much  earlier,  viz, 
before  the  year  1451.  Philof.  Tranf.  Abr.  vol.  i, 
pa.  1 1 6.  It  would  feem  however  that  Torricelli’s  was 
the  firft  regular  treatife  on  the  Cycloid  ; though  feveral 
particular  properties  of  it  might  be  known  prior  to 
his  work.  He  firft  fiiewed,  that  tlie  cycloidal  fpace 
is  equal  to  triple  the  generating  circle,  (though  Pafcal 
contends  that  Roberval  fiiewed  this)  : alfo  that  the 
folid  generated  by  the  rotation  of  that  fpace  about  its 
bafe,  is  to  the  circumferibing  cylinder,  as  5 to  8 : 
about  the  tangent  parallel  to  the  bafe,  ^s  7 to  8 : about 
the  tangent  parallel  to  the  axis,  as  3 to  4 : &c. 

Honoratus  Fabri,  in  bis  Synopfis  Gcom.  has  a (hort 
treatife  on  the  cycloid,  containing  demonllrations  of 
the  above,  and  many  other  theorems  concerning  the 
centres  of  gravity  of  the  cycloidal  fpace,  &c  , which 
he  fays  he  found  out  before  the  year  1658. 

From  the  preface  to  Dr.  V/allis’s  treatife  on  the 
cycloid  we  learn,  that,  in  the  year  1658,  M.  Pafcal 
publicly  propofed  at  Paris,  under  the  name  of  D’Et- 
tonville,  the  two  following  problems  as  a challenge,  to 
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be  folved  by  the  mathematicians  of  Europe,  with  a re- 
ward of  20  piftoles  for  the  folution  : viz,  to  find  the 
area  of  any  fegment  of  the  cycloid,  cut  off  by  a right 
line  parallel  to  the  bafe  \ alfo  the  content  of  the  folid 
generated  by  the  rotation  of  the  fame  about  the  axis, 
and  about  the  bafe  of  that  fegment.  This  challenge 
fet  the  Doclor  upon  ^writing  that  treatife  upon  the  cy- 
cloid, which  is  a much  better  and  compleater  piece 
than  had  been  given  before  upon  this  curve.  He' 
here  gives  the  curve  furfaces  of  the  folids  generated  by 
the  rotation  of  the  cycloidal  fpace  about  its  axis,  and 
about  its  bafe,  with  determinations  of  the  centres  of 
gravity,^  &c.  He  here  afterts  too,  that  Sir  Chriftopher 
Wren,  in  1658,  was  the  firft  who  found  out  a right 
line  equal  to  the  curve  of  the  cycloid  ; and  Mr.  Huy- 
gens, in  his  Herolog.  Ofclllat.  fays  that  he  himfelf  was 
the  firft  inventor  of  the  fegment  of  a cycloidal  fpace, 
cut  off  by  a right  line  parallel  to  the  bafe  at  the  dif- 
tance  of  the  axis  of  the  curve  from  the  centre,  being 
equal  to  a rectilinear  fpace,  viz,  to  a regular  hexagon 
inferibed  In  the  generating  circle  ; the  demonftration  of 
which  may  be  feen  in  Wallis’s  treatife. 

Several  other  authors  have  fpoken  or  treated  of  the 
cycloid  ; as  Pafcal,  in  his  treatife,  under  the  name  of 
D’Ettonville  : Schooten  in  his  Com.mentary  on  Des 
Cartes’s  Geometry,  near  the  end  of  the  2d  book  ; M. 
Relnau,  In  his  Analyfc  Demontree,  tom.  2,  pa.  595  ; 
alfo  Newton,  Leibnitz,  de  la  Loubere,  Roberval,  Des 
Cartes,  Wren,  Fabri,  the  Bernoulli’s,  De  la  Hire, 
Cotes,  (See,  (See. 

Properties  of  the  Cycloid. — The  circle  AE,  by 
whofe  revolution  the  cycloid  is  traced  out,  is  called 
the  generating  circle ; the  line  AB,  which  is  equal  to 
the  circumference  of  the  circle,  is  the  hafe  of  the  cy- 
cloid ; and  the  perpendicular  DC  on  the  middle  of  the 
bafe,  is  its  axis.  The  properties  of  the  cycloid  are 
among  the  moft  beautiful  and  ufeful  of  all  curve  lines  : 
fome  of  the  moft  remarkable  of  which  are  as  follow : 

1.  The  circular  arc  DG  the  line  GH  parallel 

to  AB. 

2.  The  femicircumf.  DGC  the  femibafe  AC. 

3.  The  arc  DH  .=  double  the  chord  DG. 

4.  The  arc  DA  zz  double  the  diam.  DC. 

5.  The  tang.  HI  is  parallel  to  the  chord  DG. 

6.  The  fpace  ADBA  triple  the  circle  AE  or 

CGI)  &c. 

7.  The  fpace  ADGCA  zr  the  fame  circle  AE,  &-c. 


8.  A body  falls  through  any  arc  KL  of  a cycloid 
reverfed.  In  the  fame  time,  whether  that  arc  be  great 
or  fmall ; that  is,  from  any  point  I.,  to  the  loweft 
point  K,  which  is  the  vertex  reverfed ; and  that  time 
% z 2 {5 
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IS  to  tlie  tune  of  falling  perpendicularly  tlirough  the 
axis  MK,  as  the  femicirciimference  of  a circle  is  to 
its  diameter,  or  as  3*1416  to  2.  And  hence  it  fol- 
lows that,  if  a pendulum  be  made  to  vibrate  in  the  arc 
LKN  of  a cycloid,  all  the  vibrations  will  be  performed 
in  the  fame  time. 

9.  The  evolute  of  a cycloid,  is  another  equal  cy- 
cloid. So  that  if  two  equal  femicycloids  OP,  OQ^  be 
joined  at  O,  fo  that  OM  be  = MK  the  diameter  of 
the  generating  circle,  and  the  ilring  of  a pendulum 
hung  up  at  O,  having  its  length  =:  OK  or  n:  the 
curve  OP  ; then,  by  plying  the  firing  round  the  curve 
OP,  to  which  it  is  equal,  and  then  the  ball  let  go, 
it  will  defcribe,  and  vibrate  in  the  other  cycloid 
PKQ^ 

10.  The  cycloid  is  the  curve  of  fwiftell  defcent : 
or  a heavy  body  will  fall  from  one  given  point  to  ano- 
ther, by  the  way  of  the  arc  of  a cycloid  palling  through 
thofe  two  points,  in  a lets  time,  than  by  any  other 
rout.  See  the  V/orks  of  James  and  John  Bernoulli  for 
many  other  curious  properties  concerning  the  defcents 
in  cycloids,  &c. 

Cycloids  are  alfo  either  curtate  or  prolate. 


Cycloid,  Curtate^  or  contracted^  is  the  path  de- 
fcribed  by  fome  point  without  the  circle,  while  the 
circumference  rolls  along  a ftraight  line  ; and  a 


Cycloid,  Prolate^  or  IfifleEled,  is  in  like  manner  the 
path  of  fome  point  taken  within  the  generating  circle. 

Thus,  if,  while  the  circle  rolls  along  the  line  AB, 
the  point  R be  taken  without  the  circle,  it  will  de- 
fcribe or  trace  out  the  curtate  or  contracled  cycloid 
RST  ; but  the  point  being  taken  within  the  circle,  it 
will  defcribe  the  prolate  or  infledled  cycloid  RVW. 

Thefe  two  curves  were  both  noticed  by  Torricelli 
and  Schooten,  and  more  fully  treated  of  by  Wallis,  in 
his  Treatife  on  the  Cycloid,  printed  at  Oxford  in  1639  ; 
where  he  fhews  that  thefe  have  properties  - fimilar  to 
the  firfl  or  primary  cycloid  ; only  the  lafl  of  thefe  is  a 
curve  having  a point  of  inhedlion,  and  the  other  crolT- 
ing  itfelf,  and  forming  a node. 

By  continuiiig  the  motion  of  the  wheel,  or  circle, 
fo  as  to  defcribe  a right  line  equal  to  the  generating 
circumference  feveral  times  repeated,  there  will  be  pro- 
duced as  many  repetitions  of  the  cycloids,  which  fo 
united  together  will  appear  as  in  theie  figures  fol- 
lowing : 
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Curtate  Cycloid. 


Common  Cycloid. 


CYGNUS,  the  S<wan,  a conllellation  of  the  northern* 
hemifphere,  being  one  of  the  48  old  ones,  and  fabled 
bytl  1C  Greeks  to  be  the  fwan,  under  the  form  of  which 
Jupiter  deceived  Leda  or  Nemefis,  from  which  em- 
brace fprung  the  beauteous  Helen. 

The  liars  in  the  conllellation  Cygnus,  in  Ptolomy’s 
catalogue  are  19,  in  Tycho’s  18,  in  Hevelius’s  47J 
and  in  the  Britannic  catalogue  81. 

CYLINDER,  a folid  having  two  equal  circular 
ends,  and  every  plane  fedtion  parallel  to  the  ends  a 
circle  equal  to  them  alfo. 

The  cylinder  may  be  conceived  to  be  thus  gene- 
rated : 


Suppofe  two  parallel  circles  AB  and  CD,  and  a right 
line  carried  continually  round  them,  always  parallel  to 
itfelf ; this  line  will  defcribe  the  curve  furface  of  a cy- 
linder, ABDC,  of  which  the  trvo  parallel  circles  AB 
and  CD  form  the  two  ends.  V/hen  the  line,  or  fides 
is  perpendicular  to  the  ends,  the  cylinder  is  a light  or 
perpendicular  one  ; otherw'ife  it  is  oblique. 

Or  the  right  cylinder  may  be  conceived  to  be  gene- 
rated bythe  rotation  of  a reftangle  about  one  of  its  hdes. 
The  axis  of  the  cvlinder  is  the  line  connediing  the  cen- 
tres  of  its  two  parallel  circular  ends  ; and  is  equal  to 
the  altitude  of  the  cylinder  when  this  is  a right  one, 
but  exceeds  the  altitude  in  the  oblique  cylinder,  in  the 
proportion  of  radius  to  the  line  of  the  angle  of  its  in- 
clination to  the  baiY. 

The  convex  furface  of  a cylinder  is  equal  to  the  pro- 
du6l  of  the  axis  multiplied  by  the  circumference  of  its 
bafe. 

The  folidity  of  a cylinder  is  equal  to  the  area  of  its 
bafe  multiplied  by  its  perpendicular  altitude. 

Cylinders  of  equal  bafes  and  altitudes,  are  equal. 

Cylinders  are  to  each  other,  as  the  produdl  of  their 
bafes  and  altitudes.  And  equal  cylinders  have  their 
bafes  reciprocally  as  their  altitudes. 

A cylinder  is  to  its  inferibed  fphere,  or  fpheroid,  as  3 
to  2 ; and  to  its  inferibed  cene  as  3 to  i. 

The 
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The  oblique  plane  fe^lions  of  a cylinderj  are  ellipfes  j 
but  all  the  fe61;ions  parallel  to  the  ends,  are  circles. 

For  the  furfaces  and  folidities  of  the  ungulas,  or  ob- 
lique dices,  of  a c}dinder,  fee  my  Menfuration,  pa.  218, 
2d  edition. 

CYLINDRICAL,  pertaining  to  a cylinder. 

CYLINDROID,  a folid  refembling  the  hgure  of  a 
cylinder  ; but  differing  from  it  as  having  ellipfes  for  its 
ends  or  bafes,  inflcad  of  circles,  in  the  cylinder. 

In  the  cylindroid,  the  folidity  and  curve  fuperficies 
are  found  the  fame  way  as  thofc  of  the  cylinderj  viz, 
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by  multiplying  the  circumference  of  the  bafe  by  the 
length  or  axis,  for  the  fiirface  ; and  the  ai'ca  of  the  bafe 
by  the  altitude,  for  the  folidity. 

CYMATIUM,  CiMATiuM,  or  Cima,  in  Architec- 
ture, a iTiCmber,  or  moulding  of  the  cornice,  whofe  profile 
is  waved  ; i.  e.  concave  at  top,  and  convex  at  bottom. 

CYNOSURA,  a name  given  by  the  Greeks,  to  urfa 
minor,  or  little  bear,  otherv/ife  called  Charles’s  wain  ; 
the  ftar  in  the  extremity  of  the  tail  bein,^  called  the 
pole  ftar. 

CYPHER.,  or  nought.  See  Cipher. 
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DACTYLONOMY,  the  art  of  counting  or  num- 
bering by  the  fingers. — The  rule  is  this  : the  left 
thumb  is  reckoned  f , the  index  or  fore-finger  2,  and  fo 
on  to  the  right  thumb,  which  is  the  tenth  or  laft,  and 
confequently  is  denoted  by  the  cipher  o. 

DADO,  that  part  in  the  middle  of  the  pcdcftal  of  a 
column  &c,  between  its  bafe  and  cornice. 

DAILY,  in  Aftronomy.  See  Diurnal. 

DARCY  (Count),  an  ingenious  philofopher  and 
mathematician,  \vas  born  in  Ireland  in  1725;  but  his 
friends  being  attached  to  the  Stuart  family,  he  was  fent 
to  France,  at  14  years  of  age,  where  he  fpent  the  reft 
of  his  life.  Being  put  under  the  care  of  the  celebrated 
Clairaut,  he  improved  fo  rapidly  in  the  mathematics, 
that  at  17  years  of  age  he  gave  a new  fohition  of  the 
problem  concerning  the  curve  of  equal  preffure  in  a re- 
fifting  medium.  This  was  followed  the  year  after  by  a 
determination  of  the  curve  defcrlbed  by  a heavy  body. 
Hiding  by  its  own  weight  along  a moveable  plane,  at 
the  fame  time  that  the  preflure  of  the  body  caufes  a 
horizontal  m.otioii  in  the  plane.  Darcy  ferved  in  the 
war  of  1744?  and  was  talien  prlfoner  by  the  Englifti : 
and  yet,  during  the  coiiifeof  the  war  he  gave  two  me- 
moirs to  the  academy  ; the  firft  of  thefe  contained  a 
general  principle  in  mechanics,  that  of  ihe  prcfervat'ion 
of  the  rotatory  motion ; a principle  which  he  again 
brought  forward  in  1750,  by  the  name  of  the  principle 
of  the  prefervation  of  adion. 

In  1760,  Darcy  p>ub]ilhed  An  FJfay  on  Artillery,  con- 
taining feme  curious  experiments  on  the  charges  of  gun- 
powder, &:c,  &c,  and  improvements  on  thofe  of  the  in- 
genious Robins  ; a kind  of  experiments  Avhich  our  au- 
thor carried  on  occafionally  to  the  end  of  his  life. 

In  1765,  he  publifhed  his  Memoir  on  the  Duration  of 
ihe  Senfation  of  Sight,  the  moft  ingenious  of  his  works  : 
the  refult  of  thefe  refearches  was,  that  a body  may 
fometlmes  pafs  by  our  eyes  without  being  feen,  or  mark- 
ing its  prefence,  otherwife  than  by  weakening  the  bright- 
jiefs  of  the  objeft  it  covers. 

All  Darcy’s  works  bear  the  charadler  which  refults 
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from  the  union  of  genius  and  philofophy  ; but  as  he 
meafured  every  thing  upon  the  largeft  fcale,  and  required 
extreme  accuracy  in  experiment,  neither  his  time,  for- 
tune, nor  avocations,  allorved  him  to  execute  more  tlian 
a very  fmall  part  of  what  he  projecled.  In  liis  difpofi- 
tion,  he  was  amiable,  fpirited,  lively,  and  a lover  of  in- 
dependence, a paftion  to  which  he  nobly  facrificed,  even 
in  the  midft  of  literary  fociety. — He  died  of  a cholera 
morbus  in  1779,  at  54  years  of  age. 

Darcy  was  admitted  of  the  French  academy  in  1749,1 
and  was  made  penfioner-geometrician  in  1770. — His 
effays,  printed  in  the  Memoirs  of  the  Academy  of 
Sciences,  are  various  and  very  ingenious,  and  are  con- 
tained in  the  volumes  for  the  years  1742,  1747,  1749, 
1750,  1751,  1752,  1753,  1754,  1758,  1759,  1760, 
1765,  and  in  tom.  i,  of  the  Savans  Etrgngers. 

DARK  Chamber.  See  Camera  Glfcura. 

DARK  Dent,  a portable  camera  obfeura,  made  fome- 
what  like  a deflc,  and  fitted  with  optic  glalTes,  to  take 
profpeCfs  of  landfcapes,  buildings,  &c. 

DATA,  in  General  Mathematics,  denote  certain 
things  or  quantities,  fuppofed  given  or  known,  from 
which  other  quantities  are  difeovered  that  v/ere  un- 
known, or  fought.  A problem  or  queftion  ufually  con- 
fifts  of  tw’o  parts,  data  and  queefita. 

Euclid  has  an  exprefs  and  excellent  treatife  of  Data  ; 
in  which  he  ufes  the  word  fer  fuch  Ipaces,  lines,  angles. 
See,  as  are  given  j or  to  vvdiich  others  can  be  found 
equal. 

Euclid’s  Data  is  the  firft  in  order  of  the  books 
that  have  been  written  by  the  ancient  geometricians,  to 
facilitate  and  promote  the  method  of  refoliition  or  ana- 
lyfis.  In  general  a thing  is  laid  to  be  given  which  is 
either  adlually  exhibited,  or  can  be  found  out,  that  is, 
which  is  either  known  by  hypothefis,  or  that  can  be 
demonftrated  to  be  known : and  the  propofitions  in  the 
book  of  Euclid’s  Data  fnew  what  things  can  be  found 
out  or  known,  from  thofe  that  by  hypothefis  are  already 
knowm  : fo  that  in  the  analyfis  or  inveftigation  of  a 
problem,  from  the  things  that  are  laid  down  as  given 

or 
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or  known,  by  the  help  of  tnefc  propofitions,  it  h de- 
monilrated  that  other  tliiap^s  are  given,  and  from  thefe 
iaft  that  others  again  are  gfven,  and  fo  on,  till  it  is  de- 
rnondrated  that  that  which  was  propofed  to  be  found 
out  in  the  problem  is  given;  and  when  this  is  done,  the 
problem  is  folved,  and  its  compolition  is  made  and  de- 
rived from  the  compolitions  of  the  Data  which  were  em- 
ployed in  the  cinalylis.  And  thus  the  Data  of  Eu- 
clid are  of  the  mod  general  and  neceffary  ufe  in  the  fo- 
lution  of  problems  of  every  kind. 

Marinus,  at  tlie'  end  of  liis  Preface  to  the  Data,  is 
miftaken  in  affer ting  that  Euclixi  has  not  ufed  the  fyn- 
thetica],  but  the  analytical  method  in  delivering  them  : 
for,  though  in  the  analyfis  of  a theorem,  the  thing  to 
be  demonllrated  is  aiTumed  in  the  analyfis  ; yet,  in  the 
demondrations  of  the  Data,  the  thing  to  be  demon- 
drated,  which  is,  that  fomething  is  given,  is  never  once 
anurned  in  the  dcmonltration  ; from  which  it  is  mani- 
ied  that  every  one  of  them  is  demondrated  iynthetical- 
iy  : though  indeed  if  a propofition  of  the  Data  be 
turned  into  a problem,  the  demondration  of  the  propofi- 
cion  becomes  the  analyfis  of  the  problem.  See  Simfon’s 
-edition  of  Euclid’s  Data,  which  is  edeemed  the  bed. 

DAVIS’s  ^ladrantj  the  common  fea  quadrant,  or 
backdlaff.  See  Back-Staff.  See  alfo  PvobertfoiPs 
"Navigation,  book  9,  fe£f.  7. 

DAY,  a divilion  of  time  arifing  from  the  appearance 
■and  difappearance  of  the  fun. 

Id  AY  is  either  natural  or  artificial. 

Artificial  Day  is  that  which  is  primarily  meant  by 
the  wor-d  Day,  and  is  the  time  of  its  being  light,  or  the 
time  while  the  fun  is  above  the  horizon.  Though 
fornetimes  the  twilight  is  included  in  the  term  day- 
light ; in  oppofition  to  night  or  darknefs,  being  the 
Erne  from  the  end  of  twilight  to  the  beginning  of  day- 
light. 

Natural  Day  is  the  portion  of  time  in  wTich  the 
fun  performs  one  revolution  round  the  earth  ; or  rather 
the  time  in  which  the  earth  makes  a rotation  on  its 
axis.  And  this  is  either  adronomical  or  civil. 

AJlronomical  Day  begins  at  noon,  or  Avhen  the  fun’s 
.centre  is  on  the  meridian,  and  is  counted  24  hours  to 
the  followiup-  noon. 

O 

CiAil  Day  is  the  time  allotted  for  day  in  civil  pur- 
pofes,  and  begins  differently  in  different  nations,  but 
ftiil  including  one  whole  rotation  of  the  earth  on  its 
axis  beginning  either  at  fun-rife,  fun-fet,  noon,  or 
midniQ;ht. 

o 


I d,  At  fun-rifng,  am.ong  the  ancient  Babylonians,  Per- 
fians,  Syrians,  and  mod  other  eadern  nations,  with  the 
prefent  inhabitants  of  the  Balearic  iflands,  the  Greeks, 
&c.  2dly,  At  fim-fetti ng,  among  the  ancient  Athe- 
nians and  Jews,  with  the  Andrians,  Bohemians,  Mar- 
comanni,  Silefian-s,  modern  Italians,  and  Chinefe.  3dly, 
.At  nooRj  with  adronomers,  and  the  ancient  ETnibri  and 
Arabians.  And  4thly,  'at  midnight,  among  the  ancient 
Egyptians  and  Romans,  with  the  modern  Englifh, 
French,  Dutch,  Germans,  Spaniards,  and  Portugiiefe. 

The  day  is  divided  into  hours  ; and  a certain  number 
of  days  makes  a week,  a month,  or  a year. 

The  different  length  of  the  natural  day  in  different 
climates,  has  been  matter  of  controverfy,  viz,  whether 
the  natural  days  be  all  equally  long  throughout  the 
year;  and  if  not,  what  their  difference  is  \ A profeffor 


of  mathematics  at  Seville,  in  the  Philof.  Tranf.  voL  10, 
pa.  425,  afferts,  from  a continued  feries  of  obfervations 
for  three  years,  that  they  are  all  equal.  But  Mr.  Flam- 
fteed,  in  the  fame  Tranf.  pa.  429,  refutes  the  opinion ; 
and  fiiews  that  one  day,  when  the  fun  is  in  the  equinoc- 
tial, is  (liorter  than  when  he  is  in  the  tropics,  by  40 
feconds;  and  that  14  tropical  days  are  longer  than  fo 
many  equinoffial  ones,  by  10  minutes.  This  inequality 
of  the  days  flows  from  two  feveral  principles  : the  one, 
the  eccentricity  of  the  earth’s  orbit ; the  otlier,  the  ob- 
liquity of  the  ecliptic  with  regard  to  the  equator,  which 
is  the  meafure  of  time.  As  the.fe  two  caufes  happen 
to  be  differently  combined,  the  length  of  the  day  is 
varied.  See  Equation  of  time. 

DAY’s-fkcr/i,  in  Navigation,  denotes  the  reckoning 
or  account  -of  the  fhip’s  courfe,  during  24  hours,  or 
between  noon  and  noon. 

DECAGON,  a plane  geometrica.1  figure  of  ten  fides 
and  ten  angles.  When  all  the  fides  and  angles  are 
equal,  it  is  a regular  decagon,  and  may  be  inferibed  in  a 
circle  ; otherwife,  not.- 

If  the  radius  of  a circle,  or  the  fide  of  the  inferibed 
hexagon,  be  divided  in  extreme  and  mean  proportion, 
the  greater  fegment  will  be  the  fide  of  a decagon  in- 
fenbed  in  the  fame  circle.  And  therefore,  as  the  fide 
of  the  decagon  is  to  the  radius,  fo  is  the  radius  to  the 
fum  of  the  two.  V/hence,  if  the  radius  of  the  circle  be 

r,  the  fide  of  the  inferibed  decagon  will  be  — - X r. 

2 

If  the  fide  of  a regular  decagon  be  i , its  area  will 

= 7*6942088  ; therefore  as  i is  to 
7*6942088,  fo  is  the  fquare  of  the  fde  of  any  regular 
decagon,  to  the  area  of  the  fame  ; fo  that,  if  s be  the 
fde  of  inch  a decagon,  its  area  will  be  equal  to 
7*6942088 See  Regular  Figure. 

To  inferibe  a decagon  in  a circle  geometrically.  See 
my  Menfuration,  prob.  pa.  25,  2d  edit. 

DECEMBER,  the  laff  month  of  the  year ; in 
which  the  fun  enters  the  tropic  of  Capricorn,  making 
the  winter  folffice. 

In  the  time  of  Romulus,  December  was  the  loth 
month  ; whence  the  name,  viz,  from  decern,  ten  ; for 
tlie  Romans  began  their  year  in  March,  from  which 
December  is  the  loth  month. 

The  month  of  December  was  under  the  proteAion 
of  Vefta.  Romulus  affigned  it  30  days  ; Niima  re- 
duced it  to  29  ; which  Julius  Ca^far  increafed  to 
^ At  the  latter  part  of  this  month  they  had  the  Juve- 
niles Ludl^  and  the  country  people  kept  the  feaft  of  tlie 
goddefs  Vacuna  m the  fields,  having  then  gathered  in 
their  fruits,  and  fown  their  corn  ; whence  it  feems  is 
derived  our  popular  feftival  called  Harveft-home. 

DECBIAEEq  (Claud-Fr.ancis-Milliet),  an  ex- 
cellent mathematician,  mtehaniff,  and  aftronomer,  was 
born  at  Ciiambery,  the  capital  of  Savoy,  in  1611.  He 
chiefly  excelled  m a jult  knowledge  of  the  mathemati- 
cal and  mechanical  fciences  : not  that  he  was  bent  upon 
new  difeoveries,  or  happy  in  making  them ; as  his 
talent  rather  lay  in  explaining  tliofe  fciences  with  eafe’ 
and  accuracy  ; which  perhaps  rendered  him  equally 
ufeful  and  deferving  of  effeem.  Indeed  it  w'as  general- 
ly allowed  that  he  made  the  beff  ufe  of  the  productions 
of  other  men,  and  that  he  drew  the  feveral  parts  of  the 
mathematical  fciences  together  with  great  judgment 
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Sind  perfpicuity.  It  is  alfo  laid  of  Kim,  that  his  pro- 
• bity  was  not  inferior  to  his  learning- ; and  that  both 
thefe  qualities  made  him  generally  admired  and  beloved 
at  Paris,  where  for  four  years  together  he  read  public 

mathematical  leclures  in  the  college  of  Clermont. 

From  hence  he  removed  to  Marfeilles,  where  he  taug-ht 
the  art  of  navigation  and  the  practical  mathematical 
fciences.. — He  afterv/ard  became  profeffor  of  mathema- 
tics in  the  univerfity  of  Turin,  where  he  died  March  28, 
1678,  at  67  years  of  age. 

Among  other  works  wTich  do  honour  to  Ids  me- 
mory, are, 

1.  An  edition  of  Euclid’s  Elements;  in  which  he 
has  omitted  the  lels  important  propofitions,  and  ex- 
plained the  ufes  of  thofe  he  lias  retained. 

2.  A Difcourfe  on  Foitilication  ; and  another  on 
Navigation. 

3.  Theie  performances,  wdth  fome  others,  w’ere  col- 
lefled  in  3 volumes  folio,  under  the  title  of  Mundus 
Mathematicvs,  being  indeed  a complete  coiirfe  of  mathe- 
matics. And  the  fame  was  afterw^ard  much  enlarged,  and. 
publifhed  at  Lyons,  1690,  in  4 large  volumes,  folio. 

LECIL,  DaciUs^  an  afpect  or  pofition  of  twm  pla- 
nets, w’hen  they  are  dillant  from  each  other  a loth  part 
of  the  zodiac,  or  36  degrees;  and  is  one  of  the  new 
afpedts  invented  by  Reader. 

DECIMALS,  any  thing  proceeding  by  tens  ; as 
Decimal  arithmetic.  Decimal  fractions,  Decimal  fcales, 
&c. 

D ECiMAL  Arithmetic^  in  a general  fenfe,  may  be  con- 
fidered  as  the  common  arithmetical  computation  in  ufe, 
in  which  the  decimal  fcale  of  numbers  is  ufed,  or  in 
wLdch  the  places  of  the  figures  change  their  value  in  a 
tenfold  proportion,  being  10  times  as  much  for  every 
place  more  towards  the  left  hand,  or  10  times  lefs  for 
ewry  place  more  tow^ards  the  right  hand  ; the  places 
being  fuppofed  indefinitely  continued,  both  to  the  right 
and  left.  In  this  fenfe,  the  wmrd  includes  both  the 
arithmetic  of  integers,  and  decimal  fraflions.  In  a more 
reftrained  fenfe  how’ever,  it  means  only 

Decimal  FroMionSf  which  are  fradlions  wLofe  deno- 
minator is  always  a i with  fome  num.ber  of  ciphers  an- 
nexed, more  or  few'er  according  to  the  value  of  the 
fraction,  the  numerator  of  wLich  may  be  any  number 
whatever  ; as  ig-’ooj 

As  the  denominator  of  a decimal  is  always  one  of 
the  numbers  10,  ipo,  1000,  &c,  the  inconvenience  of 
writing  thefe  denominators  down  may  be  faved,  by 
placing  a proper  difiinftion  before  the  figures  of  the  nu- 
merator only,  to  diftinguifii  them  from  integers,  for  the 
value  of  each  place  of  figures  will  be  knowm  in  deci- 
mals, as  wHl  as  in  Integers,  by  their  diilance  from,  the 
ill  or  unit’s  place  of  integers,  having  fimilar  names  at 
equal  diilances,  as  appears  by  the  followdng  fcale  of 
places,  both  in  decimals  and  integers  : 
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The  mark  of  diftinflion  for  decimals,  called  the 
paratrix^  has  been  various  at  different  times,  according 
to  the  fancy  of  different  authors  ; fometimes  a femi-- 
parenthelis,  or  a femicrotchet,  or  a perpendicular  bar, 
or  the  fame  w-fth  a line  drawn  under  the  figures,  or 
fimply  this  line  itfelf,  &c  ; but  it  is  ufual  now-  to  write 
either  a comma  or  a full  point  near  the  bottom  of  the 
figures  ; I place  the  point  near  the  upper  part  of  the 
figures,  as  was  done  alfo  by  New'ton  ; a method  which 
prevents  the  feparatrix  from  being  confounded  with 
mere  marks  of  punffuation. 

In  fetting  dowm  a decimal  fra-ftion  wdthout  its  deno- 
minator, the  numerator  mult  confiit  of  as  many  places 
as  there  are  ciphers  in  the  denominator;  and  if  it  has' 
not  fo  many  figures,  the  defed  muft  be  fupplied  by 
fetting  before  them  as  m.any  ciphers  as  v/ill  make  them 
up  fo  many  : thus  yV  is  h *14  j.  and 

is  -014  ; and  is  *003  ; fee. 

So  that,  as  ciphers  on  the  right-hand  fide  of  integers 
tncreafe  their  value  decimally,  or  in  a tenfold  propor- 
tion, as  2,  20,  2 CO,  <S:c  ; fo,  when  fet  on  the  left-hand 
of  decimal  fractions,  they  decreafe  the  value  decimallv, 
or  in  a tenfold  proportion,  as  *2,  -02,  -002,  Sec.  But 
ciphers  fet  on  the  other  fides  of  thefe  numbers,  make 
no  alteration  in  their  value,  neither  of  increafe  nor  de- 
creafe, viz,  on  the  left-hand  of  integers,  or  on  the  right- 
hand  of  decimals  ; fo  2,  or  C2,  or  002,  &:c,  arc  all  the 
fame  ; as  are  alio  *2,  or  *20,  or  *200,  <Scc. 

Decimal  fradions  mav  be  confidered  as  havinrf  been 
introduced  by  Regiomontanus,  about  the  year  1464, 
viz,  when  he  transformed  the  tables  of  fines  from  a 
fexagefimal  to  a decimal  fcale.  They  were  alfo  ufed' 
by  Ramus,  in  his  Arithmetic,  written  in  1550  ; and  be- 
fore bis  time  by  our  countrym.en  Buckley  and  Rccorde. 
But  it  was  Stevinus  wdio  firfl  wrote  an  exprefs  treatife  , 
on  decimals,  viz,  about  the  year  1582,  in  La  Pradlqv; 
d^ ArUhinetique ; fince  which  time,  this  has  commonly 
made  a part  in  mod  treatifes  on  arithmetic. 

To  reduce  any  Vidgar  fradicn,  or  parts  of  any  thing, 
as  fuppofe  -I,  to  a decimal  fi-adion  of  the  fame  value  ; 
add  ciphers  at  pleafure  to  the  numerator,  and  divide  by 
the  dencminator : thus, 

8)3*cco 


and  therefore  *375  or  is  a decimal  of  the  fame 

value  with  the  propofed  vulgar  fradlou  |. 

Some  vuLar  fradions  can  never  be  reduced  into  de- 
cimals  w’ithout  defed ; as  which  by  divifioii  is 
*33333  infinitely. 

Such  numbers  are  very  properly  called  circulating 
decimals,  and  repetends,  becaule  of  the  continual  return 
of  the  fame  figures.  See  Repetends  and  Circu- 
lates. 

The  comnnon  arithmetical  operations  are  performed 
the  fame  w^ay  in  decimals,  as  they  are  in  integers  ; re- 
gard being  had  only  to  the  particular  notation,  to  dif- 
tinguifii  the  fradicnul  from  the  integral  part  of  a fum. 
Thus, 

In  Addition  and  Subtradion,  all  figures  of  the  fame 
place  or  denomination  are  fet  liraight  under  each  other, 
the  feparatrix,  or  decimal  points,  fonnlng  a liraight  co- 
lumn. 

In  Multiplication,  fet  dowm  the  numbers,  and  muh 
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tiply  them  as  integers ; and  point  off  from  the  produdl 
as  many  places  of  decimals  as  there  are  in  both  faffors ; 
prefixing  ciphers  if  there  be  any  deieft  of  figures. 

In  Divifion.  fet  down  the  numbers  and  divide  alfo  as  in 
integers  : making  as  many  decimals  in  the  quotient,  as 
thofe  in  the  dividend  are  more  than  thofe  in  the  divifor, 

Exaiuples  are  numerous  and  common,  in  moil  books 
of  arithmetic. 

Decimal  Scales^  are  any  fcales  divided  decimally, 
or  by  tens. 

DECLINfkTION,  in  Aftronomy,  is  the  diftance 

of  the  fun,  fiar,  planet,  &€,  from  the  equinoCiial,  either 

northward  or  foutliward;  beincr  the  fame  with  latitude 
. . ^ ® 
in  geography,  or  diftance  from  the  equator. 

Declination  is  either  real  or  apparent^  according  as 
the  real  or  apparent  place  of  the  point  or  objedt  is  con- 
fidered. 

The  declination  of  any  point  S is  an  arch  of  the 
meridian  SE,  contained  between  the  given  point  and 
the  equinodlical  EQ^  The  declination  of  a ftar  &c, 
is  found  by  knowing  or  obferv- 
ing  the  latitude  of  the  place, 
i.  e.  the  height  of  the  pole,  and 
then  the  meridian  altitude  of  the 
flar,  &c ; hence  the  difference 
betiveen  the  co-latitude  and  the 
altitude  of  the  ftar  &c,  is  the  de- 
•clination,  vie,  the  difference  be- 
tween EEI  the  co-latitude,  and 
8 H the  altitude,  isES  the  declina- 
tion. Forex.  Tycho  found  at  Uraniboiirg  the  meridian 
altitude  of  Cauda  Leonis,  viz,  HS  — yo°  59^  od' 

the  co-latitude  is  - - HE  nr  34  5 45 


yem.  declin.  north 
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To  Jind  the  Suds  D^cUnation  at  any  time  ; having  given 
liis  place  in  the  ecliptic  ; the  rule  is,  as  radius  is  to  the 
fine  of  the  fun’s  longitude,  fo  is  the  fine  of  the  greateft 
declination,  or  obliquity  of  the  ecliptic,  to  his  prefent 
declination  fought. 

In  conftruciing  tables  of  declination  of  the  fun, 
planets,  and  ftars,  regard  fliould  be  had  to  refraflion, 
aberration,  nutation,  and  parallax. 

By  comparing  ancient  obfervations  with  the  modern, 
it  appears  that  the  declination  of  the  fixed  ftars  is  va- 
riable ; and  that  differently  in  different  ftars  ; for  in 
lome  it  increafes,  and  in  others  decreafes,  and  that  in 
different  quantities. 

Circles  of  Declination,  are  great  circles  of  the 
fphere  paffing  tiirough  the  poles  of  the  world,  on  which 
the  declination  is  mmafured  ; and  conftqiicntly  are  the 
fame  as  meridians  in  geography. 

Parallax  Declin ation,  is  an  arch  of  the  circle 
of  declination,  by  which  the  parallax  in  altitude  in- 
creafes or  diminiftics  the  declination  of  a ftar. 

iW/s'/ZfZr  Declin  ATI  on,  are  leffer  circles  parallel 
fo  the  equine  dial.  The  tropic  of  Cancer  is  a parallel 
cf  declination  at  23°  28'  diftance  from  the  equinodial 
northward ; and  the  tropic  of  Capricorn  is  the  parallel 
of  declination  as  far  diftant  fouthward. 

Ref  ration  of  Declination,  an  arch  of  the  circle 
of  declination,  by  which  the  declination  of  a ftar  13  in- 
creafed  or  diminifhed  by  means  of  the  refradion. 


Dec  LIN  ATI  ON  of  the  Compafs^  or  Needle  ^ is  its  devia>* 
tion  from  the  true  meridian.  See  Variation. 

Decli  nation  of  a Vertical  PlanCt  or  W alU  in  Dial- 
ling, is  an  arch  of  the  horizon,  comprehended  either 
between  the  plane  and  the  prime  vertical  circle,  when 
it  is  counted  from  the  eaft  or  weft  ; or  between  the 
plane  and  the  meridian,  if  it  be  accounted  from  the 
north  or  fouth. 

DECLINATOR,  or  Declinatory,  an  inftrii- 
ment  in  dialling,  by  which  the  declination,  inclination, 
and  reclinaticii  of  planes  are  determined. 

DECLINER^S,  or  Declining  Dials^  are  thofe 
which  cut  obliquely,  either  the  plane  of  the  prime  ver- 
tical circle,  or  the  plane  of  the  horizon. 

The  uie  of  declining  vertical  dials  is  very  frequent ; 
becaufe  the  ered  avails  of  houfes,  on  which  dials  arc 
commonly  drawn,  rncftly  decline  from  the  cardinal 
points.  But  incliners  and  reclihers  are  very  rare. 

DECLIVITY,  a hoping  or  oblique  defeent. 
DECREMENT,  Equal,  of  Life,  'See  Comple- 

M E N T Ife. 

Decrements  are  the  fmall  parts  by  which  a varia- 
ble and  decreafing  quantity  becomes  lefs  and  lefs. 
The  indefinitely  fmall  decrements  are  proportional  to 
the  fluxions,  which  in  this  cafe  are  negative.  See 
Fluxions,  alfo  Increments. 

DECUPLE,  a term  of  relation  or  proportion  in 
arithmetic,  implying  a tenfold  change  or  icale  of  varia- 
tion, or  one  thing  10  times  as  much  as  another. 

DECUSSATION,  a term  in  geometry  and  optics, 
fignifying  the  crofting  of  any  two  lines  or  rays  &c  : 
or  the  adion  itfelf  of  crofting. 

The  rays  of  light  decuffate  in  the  chryftalline,  before 
they  reach  the  retina. 

Many  of  the  lines  of  the  3d  order  decuftate  them- 
felves.  See  Newton’s  Enumeratio,  &c. 

DEE  (John),  a famous  mathematician  and  aftrolo* 
ger,  was  born  at  London  1527.  In  1542  he  was  fent 
to  St.  John’s  College,  Cambridge.  After  five  years 
clofe  application  to  ftudy,  chiefly  in  the  mathematical 
and  aftronomical  fc’ences,  he  went  over  to  Holland,  to 
vifit  fome  mathematicians  on  the  Continent ; whence, 
after  a year’s  abfence,  he  returned  to  Cambridge,  and 
was  there  eleded  one  of  the  Fellows  of  Trinity  College, 
then  firft  ereded  by  King  Henry  the  8th.  In  1548 
he  left  E ngland  a fecond  tim.e,  his  ftay  at  home  being 
rendered  uneafy  to  him,  by  the  fufpicions  that  were  en- 
tertained of  his  beiiiT  a conjurer,  arilinp*  chieftv  from 
his  application  to  ailronomyj  and  from  iome  mecham- 
cal  inventions  of  his. 

He  now  vifited  the  imiverfity  of  Louvain  ; where  he 
was  much  carefled,  and  vifited  by  feveral  perfons  of 
high  rank.  After  tv;o  years  he  went  into  France,  and 
read  ledures,  in  the  college  cf  Rheims,  upon  Euclid’s 
Elements.  In  1551,  he  returned  to  England,  and  was 
introduced  to  King  Edward,  who  afligned  him  pen- 
fion  of  100  crowns,  wFxich  he  afterw^ard  relinquifiied 
for  the  redory  of  Upton  upon  Severn.  But  foon  after 
the  acceflion  of  Qiieen  Mary,  liaving  fome  correfpon- 
dence  with  her  fifter  Elizabeth,  he  was  accufed  of  prac- 
tifing  againft  the  queen’s  life  ‘ by  enchantment  : on 
which  account  he  fuffered  a tedious  confinement,  and 
was  feveral  times  examined  ; till,  in  the  year  i555j 
obtained  his  liberty  by  an  order  of  council. 
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When  Queen  Elizabeth  afcended  the  throne,.  Dee 
WoS  confulted  concerning  a propitious  day  for  the  co- 
ronation: on  which  occafion  he  was  introduced  to  the 
queen,  who  made  him  great  promifes,  which  were  but 
ill  peidbnncd.  In  1564,  he  made  another  voyage  to 
the  continent,  to  prefent  a book  which  he  had  dedicated 
to  the  Emperor  Maximilian.  He  returned  to  England 
the  fame  year;  but  in  1571  we  find  him  in  I,,orrain  ; 
where, ^ being  dangeroufly  ill,  the  queen  fent  over  two 
phyficians  to  his  relief.  Having  once  more  returned 
to  his  native  countr^^,  he  fettled  at  Mortlake  in  Surry, 
where  he  continued  his  ftudies  with  much  ardour,  and 
colledfed  a great  library  of  printed  books  and  manii- 
feripts,  witlv  a number  of  inftruments  ; moft  of  which 
were  afterward  cieflroyed  by  the  mob,  as  belonging  to 
one  who  dealt  with  the  devil. 

In  1578,  the  queen  being  much  indifpofed,  Mr.  Dee 
was  fent  abroad  to  confult  with  German  phvficians  and 
philofophers  (aflrologers  no  doubt)  on  tlie  occafion  ; 
though  tome  have  laid  Ihe  employed  him  as  a fpy  ; ])ro- 
bably  he  afted  in  a double  capacitv.  We  next  find 
him  again  in  England,  where  he  was  foon  after  em- 
ployed in  a more  rational  fervice.  The  queen,  defirous 
to  be  informed  concerning  her  title  to  thofe  countries 
which  had  been  difeovered  by  Englifhmen,  ordered 
Dee  to  coniult  the  ancient  records,  and  to  furnifli  her 
with  proper  geographical  deferiptions.  Accordingly, 
in  a fhort  time,  he  prefented  to  the  queen,  at  Ricli- 
mond,  two  large  rolls,  in  which  the  difeovered  coun- 
tries were  geographically  deferibed  and  hiiloricaily  il- 
luftrated.  His  next  employrsent  was  the  reformation 
of  the  calendar,  on  which  fubjedl;  he  wrote  a rational 
and  learned  treatife,  preferved  in  the  Aflimolean  library 
at  Oxford. 

Hitherto  the  extravangancles  of  our  eccentrical  phi- 
lofopher  feem  to  have  been  tempei'ed  with  a tolerable 
proportion  of  reafon  and  fcience  ; but  henceforward  he 
is  to  be  confidered  as  a mci'e  necromancer  and  credulous 
alchymift.  In  the  year  1581  he  became  acquainted 
with  one  Edward  Kelly,  by  whole  affiftance  he  per- 
formed divers  incantations,  and  maintained  a frequent 
imaginary  intercoiirfe  with  fpirits  and  angels  ; one  of 
whom  made  him  a prefent  of  a black  fpeculum  fa  po- 
lifhed  piece  of  cannel-coal),  in  which  thefe  appeared  to 
him.  as  often  as  he  had  occafion  for  them,  anfwering  his 
queftions,  &c.  Hence  Butler  fays, 

Kelly  did  all  his  feats  upon 

The  devil’s  looking-glafs,  a ftone. 

Hudibras. 

In  1583  they  became  acquainted  with  a certain 
Ecliili  nobleman,  then  in  England,  named  Albert  Lafld, 
a perfon  equally 'addided  to  the  fam.e  ridiculous  pur- 
fuits  : he  was  fo  charmed  with  Dee  and  Kelly,  that  he 
perfuaded  them  to  accompany  him  to  his  native  coun- 
try  ; by  whofe  means  they  were  introduced  to  Rodolph 
king  of  Bohcmiia  ; who,  though  a credulous  man,  was 
foon  difgufted  with  their  nonfenfe.  They  were  after- 
ward introduced  to  the  king  of  Poland,  but  with  no 
better  fuccefs.  Soon  after  tins  they  were  entertained 
at  the  caffle  of  a rich  Bohemian  nobleman,  where  they 
lived  for  fame  time  in  great  affluence  ; ov.u’iig,  as  they 
afferted,  to  their  art  of  tranfmutation  by  means  of  a 
certain  powder  in  the  pofleflion  of  KcllyJ 
VoL.  I.  - 
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Dcc,^  noiv  quarrelling  with  his  companion,  quitted 
Bohem.ia,  and  returned  to  England,  where  he  was  once 
more  gracioufly  received  by  the  queen  ; who,  in  1595, 
made  him  warden  of  Manchefter  college,  in  wliich  town 
he  refided  feveral  years.  In  1604  returned  to  his 
houfe  at  Mortlake,  where  he  died  in  1608,  at  81  years 

of  age  ; leaving  a large  hunily  and  many  works  behind 
him. 

The  books  that  were  printed  and  publiflied  by  Dee, 
are,  i.  PropeJumata  Aphonjl'tca,  IPc,  in  1558,  in-i2m.o. 

-2.  Monas  Hieroglyph  tea  ad  liegcm  Pomanornm  Max't- 
mUianum  ; 1564. — 3.  Ppyiola  ad  eximium  duds  Urlini  ma- 
themaiiciim^  Frcdericuvi  Conmmndhinm,  prefxa  lihclh  Ma- 
ehomeii  Bagdad'im  de  Siipcrjiderum  Dlvifionthus  ifjc ; 

— 4*  Pr'iUjh  Monarchy^  other-ivife  called^  Phe 

Petty  Nany  Royal ; 1576. — 5.  Preface  Mathematical  to 
the  Pnglija  Puclidj  publifhed  by  Henry  Billingfley, 
1570;  certainly  a very  curious  and  elaborate  compo- 
fition,  and  wlicre  lie  fays,  many  more  arts  are  wholly 
invented  by  name,  tlefinltion,  property,  and  life,  than 
either  the  Grecian  or  Roman  matliematicians  have  left 
to  our  knowledge. — 6.  DHers  and  many  annotations  and 
inventions  dijperjed  and  added  after  the  loth  book  of 
k'-nglfh  P^uclid I 157^* — 7*  Rpi/lola  prejixa  PphemeridP 
bus  Joannis  Feldi  a 1577,  cui  ralionem  declaraverat  Ephe- 
nic t idcs  conjcribendi. — 8.  Parallalica  Gonimentatiunis  Pax~ 
eofqne  Nucleus  quid  am  ; 1377. 

Phis  catalogue  of  Dee’s  printed  and  publiflicd  works 
is  to  be  found  in  his  Compendious  Rehearjal  iPc\  as  well 
as  in  his  letter  to  Abp.  Whitgift  ; and  from  the  fame 
places  might  be  tranferibed  more  than  40  titles  of 
books  unpubhfhed,  that  were  written  by  him. 

DEFENCE,  in  Sieges,  is  ufed  for  any  thing  that 
ferves  to  preferve  or  fereen  the  foldiers,  or  the  place. 
So  the  parapets,  flanks,  cafemates,  ravelins,  and  out- 
works, that  cover  tlie  place,  are  called  the  defences,  or 
covers  of  the  place  ; and  when  the  cannon  have  beaten 
down  or  ruined  tliefe  works,  fo  that  the  men  cannot 
fight  under,  cover,  the  defences  of  the  place  are  faid  to 
be  demolilhed. 

Line  of  Defence,  is  that  which  flanks  a baftion, 
being  drawn  from  the  flank  oppofite  to  it. 

The  line  of  defence  fliould  not  exceed  a mufleet  fl\ot, 
i.  e.  120  fathoms  : indeed  Melder  allows  130,  Scheiter 
140,  Vauban  and  Pagan  150. 

Jane  ^ Defence,  or  f chanty  is  a line  drawn 

fiom  the  point  of  the  baflion  to  the  coiicourfe  of  the' 
0]ipofite  flank  and  curtin. 

Line  e/ Defence,  lejfefy^  or  rafanty  or  fanquanty  is 
the  lace  of  the  baflion  continued  to  the  curtin. 

E R.EN  I , or  Deferens,  in  the  ancient  aflro- 
nomy',  an  iiiiagiiuiry  circle,  which,  as  it  were,  cariies 
about  the  body  of  a planet,  and  is  the  flime  with  the 
tcceiuric  ; being  invented  to  account  fOr  the  eccen- 
tricity, perige^e,  and  apogee  of  the  planets. 

DEIIC-i  FN  1 Hyperbola)  is  a curve  having  only  one 
afymptote,  though  two  hyperbolic  legs  running  out  in-  • 
finitely  by  the  lide  of  tiie  alyinptote,  but  contrary 
ways.  See  Curve.  ^ 

^ 'Ifliis  name  was  given  to  the  curves  by  Newton,  in 
his  Euumeratio  Iflnearum  tertii  Ordinis.  There  arc  6 
different  fpecies  of  them,  which  have  no  diameters,  ex- 
prefied  by  the  equation  xyy  -f  ry  - ax-^  -{-  bx'^  -b  cx  -f-  dy 
the  term  aid  beuig  negative.  When  the  equation  ax^' 
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dx  A- ^ee  has  all  its  roots  real  and  un- 
equal, the  curve  has  an  oval  joined  to  it.  When  the 
tv.^  middle  roots  are  equal,  the  oval  joins  to  the  legs, 
which  then  cut  one  another  in  fliape  of  a iioofe.  When 
three  roots  are  equal,  the  nodus  is  changed  into  a very 
acute  cufp  or  point.  When,  of  three  roots  with  the 
fame  fign,  the  two  greattft  are  equal,  the  oval  vaniHres 
into  a point.  When  any  two  roots  are  imaginary, 
there  is  only  a pure  ferpentine  hyperbola,  without 
any  oval,  decuffation,  cufp,  or  conjugate  point  ; and 
Avhen  the  terms  and  d are  wanting,  it  is  of  the  6th 
fpecies. 

There  are  alfo  7 different  fpecies  of  thefe  curves, 
having  each  one  diameter,  expreffed  by  the  above  equa- 
tion when  the  term  ey  is  wanting  ; according  to  the 
various  conditions  of  the  roots  of  the  equation  ax'^  =. 
Ix^  -h  as  to  their  reality,  equality,  their  having 

the  fame  figns,  or  two  of  them  being  iniaginary. 

Deficient  Nimilers,  are  tbofe  whofe  aliquot  parts 
added  together,  make  a fum  lefs  than  the  whole  num- 
ber : as  8,  whofe  parts  1,2,  4,  make  only  7 ; or  the 
number  16,  whofe  parts  i,  2,  4,  8 make  only  15. 

DEFILE,  tn  Fortyication^  a narrow  line  or  paffage 
throiigii  which  troops  can  pafs  only  in  file,  making  a 
fmall  front,  fo  that  the  enemy  may  eafily  flop  their 
march,  and  charge  them  with  the  more  advantage,  as 
the  front  and  rear  cannot  come  to  the  relief  of  one 
another. 

DEFINITION,  an  enumeration,  or  fpecidcation  of 
the  chief  fimple  ideas  of  which  a compound  idea  con- 
fifls,  in  order  to  afcertain  or  explain  its  nature  and 
charadler. 

Definitions  are  of  two  kinds  ; the  one  nominal^  or 
of  the  name  ; the  other  reaU  or  of  the  thing. 

Nominal  Definition,  is  an  enumeration  of  fuch 

known  charaflers  as  are  fuflicient  for  diftino'uifhino; 

. . . , 

any  propofed  thing  from  others  ; as  is  that  of  a fqiiarc, 

when  it  is  faid  that  it  is  a quadrilateral,  equilateral,, 

reclangular  figure. 

Definition,  a diflinfl  notion,  explaining  the 
genefis  of  a thing  ; that  is,  how  the  thing  is  made  or 
done  : as  is  this  definition  of  a circle,  viz,  that  it  is  a 
figure  defcribed  by  tlic  motion  of  a right  line  about  a 
fixed  point. 

DEFLECTION,  the  turning  any  thing  afide  from 
its  former  courfe,  by  fome  adventitious  or  external 
caufe. 

The  word  is  often  applied  to  the  tendency  of  a fhip 
from  her  true  courfe,  by  reafon.  of  currents,  &c,  which 
turn  her  out  of  her  right  way. 

D eflection  of.  the  Rays  of  Light,  is  a property 
which  Dr.  Hook  cbferved  in  1675.  found  it  dif- 
ferent both  from  refledlion  and  refracijon  ; and  that  it 
was  made  perpendicularly  towards  the  furfaee.  of  the 
opacous  body. 

This  is  the  fame  property  which  Newton  calls  /«- 
fleLiion.  And  by  others  it  is  called  dijfratlion. 

DEGREE,  in  Algebra,  is  ufed  in  fpeaking  of  equa- 
tions, when  they  are  faid  to  be  of  fuch  a degree  accord- 
ing to  the  highefl  power  of  the  unknown  quantity.  If 
the  index  of  that  power  be  2,  the  equation  is  of  the 
2d  degree  j if  3,  it  is  of  the  3d  degree,  and  fo  on. 

Degree,  in  Geometry  or  Trigonometry,  is  the  360th 
part  of  the  circumference  of  any  circle  : for  every 


circle  is  confidered  as  divided  into  360  parts,  called 
degrees  ; which  are  marked  by  a fmall  ° near  the  top 
of  the  figure;  thus  45°  is  45  degrees. 

The  degree  is  fubdivided  into  60  fmaller  parts,  called 
minutes,  meaning  firfl  minutes  ; the  minute  into  60 
others,  called  feconds  ;,the  fecond  into  60  thirds  ; &c. 
Thus  45®  12'  2d'  are  45  degrees,  12  minutes,  20 
feconds. 

The  magnitude  or  quantity  of  angles  i«  accounted’ 
in  degrees  ; for  becaufe  of  the  uniform  curvature  of  a 
circle  in  all  its  parts,  equal  angles  at  the  centre  are 
fubtended  by  equal  arcs,  and  by  fimilar  arcs  in  peri-- 
pheries  of  different  diameters  ; and  an  angle  is  faid  to 
be  of  fo  many  degrees,  as  are  contained  in  the  arc  of 
any  circle  comprehended  between  the  legs  of  the  angle, 
and  having  the  angular  point  for  its  centre.  Thus  we 
fay  an  angle  of  90°,  or  of  45°  24^,  or  of  12®  20'  30''. 
It  is  alfo  ufual  to  fay,  fuch  a ilar  is  mounted  fo  many 
degrees  above  the  horizon,  or  declines  fo  many  degrees 
from  the  equator  ; or  fuch  a totvn  is  fituate  in  fo  many 
degrees  of  latitude  or  longitude. — A fign  of  the  eclip- 
tic, or  zodiac,  contains  30  degrees. 

The  divifion  of  the  circle  into  360  degrees  is  ufually 
aferibed  to  the  Egyptians,  probably  from  the  circle  of 
the  fun*s  annual  courfe,  or  according  to. their  number 
of  days  in  the  year,  allotting  a degree  to  each  day. 
It  is  a convenient  number  too,^as  admitting  of  a great 
many  aliquot  parts,  as  2,  3,  4,  5,  6,  8,  9,  &c.  The 
fexagefimal  fubdivihon,  however,  has  often  been  con- 
demned as  improper,  by  many  eminent  mathematicians, 
as  Stevinus,  Oughtred,  Wallis,  Briggs,  Gellibrand„ 
Newton,  &G  ; who  advile  a decimal  divifion  inftead. 
of  it,  or  elfe  that  of  centefms  ; as  the  degree  into  ica 
parts,  and  each  of  tliefe  into  100  parts  again,  and  fo 
on.  Stevinus  even  holds,  that  this  divifion  of  the 
circle  which  he  contends  for,  obtained  in  the  wufe  age, 
in faculo fapienti.  Stev.  Cofmog.  lib.  I,  def.  6.  AnT 
feveral  large  tables  of  fines  &c  have  been  conllrudled 
according  to  that  plan,  and  publihied,  by  Briggs,  New- 
ton, and  others.  And  I mvfelf  have  carried  the  idea^ 
dill  much  farther,,  in  a memoir  publiOied  in  the  Philof. 
Tranf.  of  1783,  containing  a propofal  for  a new  divifion 
of  the  quadrant,  viz,  into  equal  decimal  parts  of  the 
radius  ; by  which  means  the  degrees  or  divifions  of  the 
arch  would  be  tlie  r^al  lengths  of  the  arcs,  in  terms  of 
the  radius  : and  I have  lince  computed  thofe  lengths, 
of  the  arcs,  with  their  fines,  &c,  to  a great  extent  and. 
accuracy. 

De  GREE  of  Latitvde,  is  the  fpace  or  diftance  on  the- 
meiidian  through  which  an  obferver  mull  move,  to  . 
vary  his  latitude  by  one  degree,  or  to  increafe  or  dimi- 
nidi  the  dillance  of  a Ear  from  the  zenith  by  one  de- 
gree ; and  which,  on  the  fuppofition  of  the  perfecl. 
fphericity  of  tlie  earth,  is  the  360th  part  of  the  meridian. 

The  quantity  of  a degree  of  a meridian,  or  other 
great  circle,  on  the  furfaee  of  the  earth,  is  varioiiily 
determined  by  dijfferent  obfervers  ; and  the  methods, 
made  ufe  of  are  alfo  various. 

Eratofthenes,  250  years  before  Chrift,  firft  deter- 
mined the  magnitude  of  a degree  of  the  meridian,  be- 
tween Alexandria  and  Syene  on  the  borders  of  Ethiopia, 
by  meafuring  the  diftance  between  thofe  places,  and._ 
comparing  it  with  the  difference  of  a liar’s  zenith  dif- 
tances  at  thofe  places ; and  found  it  6941-  ftadia. 

Pofidonius, 
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Pofidoniu^,  in  the  time  of  Pompey  the  Great,  by 
means  of  the  different  altitudes  of  a flar  near  the  hori- 
zon, taken  at  different  places  under  the  fame  meridian, 
compared  in  like  manner  with  the  diftance  between 
thofe  places,  determined  the  lencrth  of  a decree  only 
' 600  ftadia. 

Ftolomy  fixes  the  degree  at  68 1 Arabic  miles, 
counting  7^  ftadia  to  a mile.  The  Arabs  tliemfelves, 
-who  made  a computation  of  the  diameter  of  the  earth, 
by  meafuring  the  diftance  of  two  places  under  the  fame 
meridian,  in  the  plains  of  Sennar,  by  order  of  Alma- 
mon,  make  it  only  56  miles.  Kepler,  determining  the 
diameter  of  the  earth  by  the  diftance  of  two  mountains, 
makes  a aegree  13  German  miles  ; but  his  method  is 
far  from  being  accurate.  Snell,  feeking  the  diameter 
of  the  earth  from  the  diftance  between  two  parallels  o4' 
the  equator,  finds  the  quantity  of  a degree, 
by  one  method  57064  Paris  toifes,  or  342  384  feet ; 
by  another  meth.  57057  ^ -toifes,  or  342342  feet. 
The  mean  between  whicli  two  numbers,  M.  Picard 
found  by  menfiiration,  in  1669,  from  Amiens  to  Mal- 
voifin,  the  moft  certain,  and  he  makes  the  quantity  of 
a degree  57060  toifes,  or  342360  feet.  However,  M. 
Cafiini,  at  the  king's  command,  in  the  year  1 700, 
repeated  the  fame  labour,  and  meafuring  the  fpace 
of  6®  18',  from  the  obfervatory  at  Paris,  along  tlie  me- 
ridian, to  the  city  of  Collioure  in  Rouirillon,'  that  the 
greatnefs  of  the  interval  mn'ght  diminilh  the  error, 
found  the  length  of  the  degree  equal  to  57292  toifes, 

343742  P‘'’‘ns  feet,  amounting  to  365 1 84  Engliili 
feet. 

And  with  this  account  nearly  agrees  that  of  our 
coiintrtmnan  Norwood,  who,  about  the  year  1635, 
meafured  the  diftance  between  London  and  York,  and 
found  that  diftance  905751  Englfth  feet  ; the  difference 
of  latitude  being  2°  28',  hence,  he  determined  the 
quantity  of  one  degree  at  367196  Englilh  feet,  or 
57300  Paris  toifes,  or  69  miles,  288  yards.  See  Newt. 
Princ.  Phil.  prop.  19;  and  Hlft.  Acad.  Scienc.  anno 
17CO,  pa.  153. 

M.  Caftini,  the  fon,  completed  the  work  of  mea- 
furing the  vrhole  arc  of  the  meridian  through  France, 
in  1718.  For  this  purpofe  he  divided  the  meridian  of 
France  into  two  arcs,  which  he  meafured  feparately. 
The  one  from  Paris  to  Collioure  gave  him  57097  toifes  ; 
the  other  from  Paris  to  Dunkirk  - - 56960;  and 

the  whole  arc  from  Dunkirk  to  Collioure  57060, 
the  fame  as  M.  Picard’s. 

M.  hlufchcnbrcek,  in  i 700,  refolving  to  torrcdl  the 
errors  of  Snell,  found  by  particular  obfervations,  that 
the  degree  between  Alcmaer  and  Lergen-op-zoom  con- 
tained 57033  toifes. 

"Meffieurs  Maupertiiis,  Clairaiit,  Camus,  Monnier, 
and  Outheir  of  France,  were  fent  on  a northern  ex- 
pedition, and  began  their  operations,  alfifted  by  M. 
Celfus,  an  eminent  aftronomer  of  Sweden,  in  Swedifh 
Lapland,  In  July  1736,  and  finiftied  them  by  the  end 
of  May  following.  They  obtained  the  meafure  of  that 
degree,  whofe  middle  point  was  in  lat.  66°  20'  north, 
and  found  it  57439  toifes,  when  reduced  to  the  level 
of  the  fea.  About  the  fame  tim.e  another  comipany  of 
philoiophers  was  fent  to  South  America,  viz,  Mef- 
fieurs Godin,  Bouguer,  and  Condamine  of  France, 
to  whom  w'cre  joined  Don  Jorge  Juan,  and  Don  An- 


tonio de  Ulloa  of  Spain.  They  left  Europe  in  1737, 
and  began  their  operations  in  the  province  of  Quito  /a 
Peru,  ^ibout  OAober  1736,  and  finifiicd  them,  after 
many  interruptions,  about  8 years  after.  The  Spanilh 
gentlemen  pubhihed  a feparate  account,  and  aiTign  for 
the  meafure  of  a degree  of  the  meridian  at  the  equator 
56768  toifes.  M.  Bouguer  makes  it  56753  toifes, 
when  reduced  to  the  level  of  the  fea;  and  M.  Con- 
damiiie  ftates  It  at  36749  toifes. 

Caille,  being  at  tlie  Cape  of  Good  Hope  in 
1/5 2y  found  the  length  of-  a degree  ot  the  meridian 
m lat.  330  1 8'  3o^Houtli,  to  be  57037  toifes.  In  1755, 
father  Bofeovich  found  the  length  of  a degree  in  lat. 
43®  north  t()  be  56972  toifes,  as  meafured  between 
Rome  and  Rimini  in  Italy.  In  the  year  1740,  MefTrs 
Caiiini  and  La  Caille  again  examined  the  former  mea- 
lures  in  France,  and,  after  making  all  the  neceiTary 
cori edtioiis,  found  tlie  meafure  of  a degree,  whole  mid- 
dle point  is  in  lat.  49°  22'  north,  to  be  57074  toifes  ; 
and  in  the  lat.  of  45°,  it  was  57050  toifes. 

In  1764?  b . Beccaria  compleied  the  meafiirement 
of  a portion  of  tlie  meridian  near  Turin  ; from  which 
it  IS  deduced  that  tlie  length  of  a degree,  whofe  middle 
lat.  1844044"  north,  is  57024  Paris  toifes. 

At  \ lenna,  3 degrees  of  the  meridian  were  mea- 
fured  ; and  tlie  medium,  for  the  latitude  of  47°  40' 
north  may  be  taken  at  Paris  toifes.  See  an  ac- 

count of  this  meafiirement,  bv  father  Jofeph  Llefeanip-. 
in  the  Phllof.  Tranf.  1768,  pa.  15. 

Iinally,  in  the  fame  vol.  too  is  an  account  of  tlie 
mCalineintnt  of  a part  of  the  meridian  in  hlai'yland 
and  Penfilvania,  North  America,  1766,  by  Meftrs 
Mafon  and  Dixon  ; from  which  it  follows  that  the 
length  of  a degree  whole  middle  point  is  39°  12'  north, 
was  363763  Englilh  feet,  or  56904^  Paris  toifes. 

Hence,  from  the  whole  v/e  m.ay  colledl  the  follow- 
ing table  of  tlie  principal  meafures  of  a degree  in  dlf- 
feient  paits  of  the  earth,  as  meafured  by  different 
perfons,  viz, 


Mean 

Latitude. 

66 

^ 20'  N 

49 

23  N 

47 

40  N 

45 

0 N 

4f 

44  N 

43 

0 N 

39 

12  N 

0 

0 

33_ 

j8  S 

Length  of 
Degree  in 
Paris  toifes. 


Names  of  the 
Meafurers. 


37422 

57074 

37091 

57028 

57069 

56979 

56888 

56750 

57037 


Mau])ertuis  Sic 
J Maupertiiis  &c 
I and  CafRni 
Fiefgiinig 
Caifinl 
Beccaria 
/ Bofeovich  and 
J Le  Maire 
Mafon  & Dixon 

{Bouguer  and 
Condamine 
Fa  Caille 


Years  of  Mea- 

furement. 

1736SC I 

737 

1739&  1 

740 

1 766 

17,^9^;  I 

740 

1 7 60 to  r 

7^+ 

1732 

I 76410 1 

768 

1736101 

744 

1752 

. 

The  method  of  obtaining  the  length  of  a degree  of 
the  tcrreftrlal  meridian,  is  to  meafure  a certain  diftance 
upon  It  by  a ieries  of  triangles,  whofe  angles  may  be 
found  by  adual  obfervation,  conneded  with  a bale, 
whofe  length  may  be  taken  by  an  adual  furvey,  or 
otherwilc ; and  then  to  obferve  the  dlfterent  altitudes 
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of  fome  flar  at  the  two  extremities  ot  that  difcance, 
which  gives  the  dift'erence  of  latitude  between  them  ; 
then,  by  proportion,  as  this  difference  of  latitude  is  to 
one  degree,  fo  is  the  meafured  length  to  the  length  of 
one  degree  of  the  meridian  fought.  This  method  was 
firil  pradtifed  by  Eratofthenes,  in  Egypt.  See  G eo- 
GRAPHY,  and  the  beginning  of  this  article. 

D egree  of  longitude,  is  the  fpace  between  two  me- 
ridians that  make  an  angle  of  1°  with  each  other  at 
the  poles  ; the  quantity  or  length  of  which  is  variable, 
according  to  the  latitude,  being  every  where  as  the  co- 
fine of  the  latitude  ; viz,  as  the  cofine  of  one  lat.  is  to 
the  cofine  of  another,  fo  is  the  length  of  a degree  in 
the  former  lat.  to  that  in  the  latter  j and  front  this 
theorem  is  computed  the  following  Table  of  the  length 
of  a degree  of  long,  indifferent  latitudes,  fuppofing  the 
earth  to  be  a globe. 


Degr. 

lat. 

Englifh 

miles. 

Degr. 

lat. 

Englifh 

miles. 

Degr. 

lat. 

Englifh 

miles. 

0 

69*07 

31 

59*13 

61 

33*47 

I 

69*06 

32 

58-51 

62 

32*40 

2 

69*03 

33 

57*87 

^3 

31*33 

3 

68-97 

34 

57*20 

64 

30*24 

4 

68*90 

37 

56*51 

65 

29*15 

5 

68*8i 

36 

55-81 

66 

28*06 

6 

68*62 

37 

55*10 

67 

26*96 

! 7 

68*48 

38 

54*37 

68 

25-85 

8 

68*31 

39 

53*62 

69 

24*73 

! 9 

68-15 

40 

52-85 

70 

23*60 

[ 10 

67*95 

41 

52*07 

71 

22*47 

' ri 

6773 

42 

51*27 

72 

21*32 

i ^2 

67*48 

43 

50*46 

73 

20*17 

1 13 

67*2  1 

44 

49*^3 

74 

19*02 

‘ H 

66*9^ 

45 

48*78 

77 

17*86 

i U 

66*65 

46 

47*93 

76 

16*70 

i 16 

66*3 1 

47 

47*06 

77 

15-52 

i 17 

65*98 

48 

46*16 

78 

H*37 

! 18 

65*62 

49 

45-26 

79 

13*17 

■ 19 

65-24 

50 

44*35 

So 

1 1*98 

; 20 

64*84 

51 

43*42 

8 1 

10*59 

i 21 

64-42 

52 

42*48 

82 

9*59 

1 

63*97 

53 

4^*53 

^3 

8*4 1 

! ^ 3 

63-51 

74 

40*56 

84 

7*2  I 

j 24 

63*03 

55 

39’58 

8y 

6*00 

62-53 

5^ 

38-58 

86 

4*8 1 

i 26 

62*02 

57 

37-58 

87 

3-61 

1 27 

61*48 

$8 

3&-57 

88 

2*41 

j 28 

6o*93 

59 

35*54 

89 

I *2  l 

1 29 

60*35 

60 

34*Sc» 

90 

O'OO 

I 30 

s9*75 

Note,  This  table  is  computed  on  the  fuppofition  that 
the  length  of  the  degrees  of  the  equator  are  equal  to 
thofe  of  the  meridian  at  the  medium  latitude  of  45°, 
which  length  is  Englifh  miles. 

The  expreflions  Latitude  and  Longitude,  are  bor- 
rowed from  the  ancients,  who  happened  to  be  ac- 
quainted with  a much  larger  extent  of  the  earth  in  the 
diredlion  call  and  weft,  than  in  that  of  north  and 
fouthp  the  former  of  which  therefore  pafied,  with 
them,  for  the  length  of  the  earth,  or  longitude,  and 
the  latter  for  the'  breadth  or  ftiorter  dimenfionj  viz, 
the  latitude* 


DEJECTION,  in  Aftrology,  is  applied  to  the 
planets  when  in  their  detriment,  as  aftrologers  fpeak, 
i.  e.  when  they  have  loft  their  force,  or  influence,  as  is 
pretended,  by  reafon  of  their  being  in  oppofition  to 
fome  others,  which  check  and  counteradf  them. 

Or,  it  is  ufed  when  a planet  is  in  a fign  oppoftte  to* 
that  in  which  it  has  its  greateit  effedt,  or  influence,,, 
which  is  called  its  exaltation.  Thus,  the  figii  Aries* 
being  the  exaltation  of  the  Sun,  the  oppoftte  ftgn  Libra., 
is  its  dejedfion. 

DEINCLINERS,  or  Deinclining;  Dials,  arc 
fuch  as  both  decline  and  incline,  or  recline,  at  the 
fame  time.  Suppofe,  for  inftance,  a plane  cutting  the 
prime  vertical  circle  at  an  angle,  of  30  degrees,  and  the. 
horizontal  plane  at  an  angle  of  24  degrees,  the  latitude 
of  the  place  being  52  degrees ; a, dial , drawn  on  this, 
plane,  is  called  a deincliner,. 

DELIACAL  Frohlem^  a ceRbrated  problem  among 
the  ancients,  concerning  the  duplication  of  the  cube. 

DELPHINUS,  the  Dolphin,  a conftellation  of  the 
northern  hemifphere  whofe  ftars,  in  Ptolomy’s  cata- 
logue, are  10  j in  Tycho’s  the  fame;  in  Hevelius’s 
14  ; and  in  Flamfteed’s  18.., 

DEMETRJUS,  a Cynic  philofopher,  and  difciple  of 
Apollonius  Thyaneus,  in  the  age  of  Caligula.  That 
emperor  wiftiing  to  gain  the  philofopher  to  his  intereft 
by  a large  prefent,  he  refufed  it  wdtli  indignation,  fay- 
ing, If  Caligula  wiflies  to  bribe  me,  let  him  fend  me 
his  crown.  Vefpafian  was  difpleafed  with  his  info- 
lence,  and  banifhed  him  to  an  ifland.  The  cynic  de- 
rided the  punifhment,  and  bitterly  inveighed  agaiaft. 
the  emperor. 

Demetrius  lived  to  a very  great  age.  And  Seneca 
obferves,  that  “ nature  had  brought  him  forth  to  fhew 
mankind  that  an  exalted  genius  can  live  fecurely  without 
being  corrupted  by  the  vice  of  the  furrounding  world.” 

DYLdH-BaJHon-,  in  Fortiftcation,  one  that  has  only 
one  face  and  one  flank. 

D'En.i-Cannon,  and  JDEyii-Culverin,  names  of  certain 
fpcciesof  cannon,  now  no  longer  ufed. 

DEMi-Cro/},  an  inftrument  ufed  by  the  Dutch  to 
take  the  altitude  of  the  fun  or  a ftar  at  fea  ; inftead 
of  which  we  ufe  the  crofs  ftaff,  or  foreftatf. 

DEm-Gorge,  is  half  the  gorge  or  entrance  into  the 
baftion  ; not  taken  direAly  from  angle  to  angle,  w'here 
the  baft-ion  joins  to  the  curtin,  but  from  the  angle  of 
the  flank  to  the  centre  of  the  baftion  ; or  the  angle  the 
two  curtins  would  make,  were  they  thus  protradled  to 
meet  in  the  baftion. 

DE'mi-Lune,  or  Half-moon,  an  outwork  conftfting  of 
two  faces,  and  two  little  flanks.  It  is  often  built  be- 
fore the  angle  of  a baftion,  and  fometimes  alfo  before 
the  curtin  ; though  now  it  is  very  feldom  ufed. 

DEMOCRITUS,  one  of  the  greateft  philofophers 
of  antiquity,  was  born  at  Abdera,  a town  of  Thrace, 
about  the  80th  olympiad,  or  about  400  years  before 
Chrift.  liis  father,  fays  V alerius  Maximus,  was  able 
to  entertain  the  army  of  Xerxes  ; and  Diogenes  Laer- 
tius adds,  upon  the  teftimony  of  Herodotus,  that  the 
king,  in  requital,  prefented  him  with  fome  Magi  and 
Chaldeans.  From  thefe,  it  feems,  Democritus  received 
the  firft  part  of  his  education  ; and  from  them,  whilft 
yet  a 'boy,  he  learned  theology  and  aftronomy.  He 
next  applied  to  Leucippus,  from  wdiom  he  learned  the 

fvftem 

- 


DEM 


DEN 


/ 


[ 365  ] 


lyjflem  of  atoms  and  a vacuum.  His  fatKer  dying,  he 
and  his  two  brothers  divided  his  effects.  Democritus 
made  choice  of  that  part  which  confided  in  money,  as 
being,  though  the  lead  diare,  the  mod  convenient  for 
travelling  ; and  it  is  faid  that  his  portion  amounted  to 
more  than  100  talents,  w^lvch  is  near  20  thoufand 
pounds  derling.  His  extraordinary"  inclination  for 
knowledge  and  the  faiences,  induced  him  to  travel  into 
all  parts  of  the  w'orld  where  he  might  find  learned 
men.  He  went  to  vifit  the  prieds  of  Egypt,  from 
whom  he  learned  geometry  ; He  confulted  the  Chal- 
dean and  Perfian  philofophers  ; and  it  is  faid  that 
he  penetrated  even  into  India  and  Ethiopia,  to  confer 
wnth  the  Gymnofophids.  In  thefe  travels  he  waded 
his  fubdance  ; after  which,  at  his  return  he  was  obliged 
for  fome  time  to  be  maintained  by  his  brother.  Settling 
himfclf  at  Abdera,  he  there  governed  in  the  mod  abfo- 
lute  manner,  by  virtue  of  his  confuinmate  wifdom.  The 
magidrates  of  that  city  made  him  a prefent  of  500  ta- 
lents, and  eredled  datues  to  him,  even  in  his  lifetime  : 
but  being  naturally  more  inclined  to  contemplation  than 
delighted  with  public  honours  and  employments,  he 
\vithdrew  into  folitude  and  retirement. 

Democritus  ah^ys  laughed  at  human  life,  as  a con- 
tinued farce,  which  made  the  people  think  he  w"as  mad ; 
on  which  they  fent  for  Hippocrates  to  cure  him:  but 
that  celebrated  phyfician  having  difeourfed  with  the  phi- 
lofopher,  told  the  people  that  he  had  a great  veneration 
for  Democritus  ; and  that,  in  his  opinion,  thofe  who 
edeemed  themfelves  the  mod  healthy,  w^ere  the  mod 
didempered. 

It  is  faid,  though  with  little  probability,  that  Demo- 
critus put  out  his  own  eyes,  that  he  might  meditate 
more  profoundly  on  philofophical  fubjedls.  He  died, 
according  to  Diogenes  Laertius,  in  the  36id  year  be- 
fore the  Chridian  era,  at  109  years  of  age.  He  was 
the  author  of  many  books,  which  are  lod  ; from  wdiich 
Epicurus  borrowed  his  philofophy. 

DEMOIVRE  (Abraham),  a celebrated  mathema- 
tician, of  French  original,  but  who  fpent  mod  of  his 
life  in  England.  He  was  born  at  Vitri  in  Champagne 
1667.  The  revocation  of  the  edl6l  of  Nantz,  in  1685, 
determined  him,  with  many  others,  to  take  fhelter  in 
England  ; w'here  he  perfected  his  mathematical  dudles, 
the  foundation  of  which  he  had  laid  in  his  owm  country. 
A mediocrity  of  fortune  obliged  hl)n  to  employ  his  ta- 
lent in  this  way  in  giving  leffons,  and  reading  public 
IcClures,  for  his  better  fupport : in  the  latter  part  of 
lys  life  too,  he  chiefiy  fubfided  by  giving  anfwers  to 
quedions  in  chances,  play,  annuities,  &:c,  and  it  is  faid 
mod  of  thefe  refponfes  were  delivered  at  a Coffee-houfe 
in  St.  Martin’s-lane,  wdiere  he  fpent  mod  of  his  time. 
The  Prlncipia  Mathematica  of  Newton,  which  chance 
is  faid  to  have  throwm  in  his  w"ay,  foon  convinced  De- 
moivre  how  little  he  had  advanced  in  the  fcience  he 
profeded.  This  induced  him  to  redouble  his  applica- 
tion ; which  was  attended  by  a confiderable  degree  of 
fuccefs  ; and  he  foon  became  connefted  wuth,  and  ce- 
lebrated among,  the  fird  rate  mathematicians.  His 
eminence  and  abilities  in  this  line,  opened  him  an  en- 
trance into  the  Royal  Society  of  London,  and  into  the 
academies  of  Berlin  and  Paris.  By  the  former  his 
merit  was  fo  well  known  and  edeemed,  that  they  judged 


him  a fit  perfon  to  decide  the  famous  conted  between 
Newton  and  Leibnitz,  concerning  the  invention  of 
Fluxions. 

The  colledtion  of  the  Academy  of  Paris  contains  no 
memoir  of  this  author,  who  died  at  London  Nov.  1754, 
at  87  years  of  age,  foon  after  his  admifiion  into  it.  But 
the  Philofophical  Tranfadlions  of  London  have  feveral, 
and  all  of  them  intereding,  viz,  in  the  volumes  19,  20, 
22,  23,  25,  27,  29,  30,  32,  40,  41,  43. 

He  publidied  alfo  fome  very  refpedtable  works,  viz, 

1.  Mifcellanea  Analytical  cle  Seriehus  ^ ^ladraturis 
lAc  ; 1730,  in  4to.  But  perhaps  he  has  been  more  ge- 
nerally known  by  his 

2 . Dodrine  of  Chances  ; or,  Method  of  Calculating  the 
P r oh  abilities  of  Events  at  Play.  This  work  was  fird 
printed,  1718,  in  4to,  and  dedicated  to  Sir  Ifaac  New- 
ton: it  was  reprinted  in  1738,  wnth  great  alterations 
and  improvements  ; and  a third  edition  was  aftervrards 
printed. 

3.  Annuities  on  Lives  ; fird  printed  1724,  in  8vo. — ■ 

In  1742  the  ingenious  Thomas  Simpfon  (then  only 
33  years  of  age)  publilhed  his  DoBrine  of  Annuities  and 
Reverftons  ; in  wdiich  he  paid  fome  handlome  compli- 
ments to  our  author.  Notwithdanding  which,  De- 
moivre  prefently  brought  out  a fecond  edition  of  his 
Annuities,  in  the  preface  to  which  he  paffed  fome  hardi 
rededtions  upon  Simpfon.  To  thefe  the  latter  gave  a 
handfome  and  effeftual  anfwer,  1743,  An  Appendix,, 
containing  fome  Remarls  on  a late  hook  on  the  fame  fibjeht,  ' 
nvith  anfvuers  to  fome  perfonal  and  malignant  mifreprefenta- 
tions,  in  the  prtface  thereof.  At  the  end  of  this  anfvver,, 
Mr.  Simpfon  concludes,  “ Ladly,  I appeal  to  all  man- 
kind, w’hether,  in  his  treatment  of  me,  he  has  not  dif- 
covered  an  air  of  felf-fufficiencv,  ill-nature  and  inve- 
teracy,  unbecoming  a gentleman.”  Here  it  would 
feem  the  controverly  dropped  : Mr.  Demoivre  pub- 
lifhed  the  3d  edition  of  his  book  in  1750,  without  any 
farther  notice  of  Simplon,  but  omitted  the  offenfive  re- 
fiedlions  that  had  been  in  the  preface. 

DEMONSTRATION,  a certain  or  convincing 
proof  of  fome  propolition  : fuch  as  the  demundrations 
of  the  propofitlons  in  Euclid’s  Elements. 

The  method  of  demondrating  in  mathematics,  is 
the  fame  w'lth  that  of  drawing  concluJlons  from  princi- 
ples in  logic.  Indeed,  the  demondrations  of  mathema- 
ticians are  no  other  than  feries  of  entJiymemes  ; every 
thing  is  concluded  by  force  of  lyllogifrn,  only  omitting 
the  premifes,  which  either  occur  of  their  own  accoid, 
or  are  recollefted  by  means  of  quotations. 

DENDROME'TER,  an  indrument  lately  invented 
by  Meffrs  Duncombe  and  Whiltel  ; .fo  called,  from  its  - 
ufe  in  meafuring  trees. 

DENEB,  an  Arabic  term,  fignlfying  tail  ^ ufed  by 
adronomers  as  a name  to  fome  of  the  fixed  liars,  but. 
efpecially  for  the  bright  liar  in  the  Lion’s  talk 

DENOMINATOR,  of  a fra^ion.  Is  the  number  or 
quantity  placed  below  the  line,  which  fiiew's  the  whole 
integer,  or  into  how  many  parts  the  integer  is.-  fup- 
pofed  to  be  divided  by  the  frafiion  ; as  that  which  gives 
denomination  or  name  to  the  parts  of  the.  fraction. 
Thus,  in  the  fraClion-,\,  five-twelfths,  the  number  12 
is  the  denominator,  and  fhews  that  the  integer  is  here 
divided  into  12  parts,  or. that  it  confills  cf  12  of  thofe 

partt. 
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parts  of  wliicli  the  numerator  contains  5.  Alio  h is 


the  denominator  of  the  fradlion  ~ . 
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De  NOMINA  TOR  of  a rat  10^  is  the  quotient  arifing  from 
the  divifion  of  the  antecedent  by  the  confequent.  Thus, 

6 is  the  denominator  of  the  ratio  30  to  3,  becaufe  30 
divided  by  5 gives  6.  It  is  othcrwife  called  the  expo- 
nent of  the  ratio, 

DENSITY,  that  property  of  bod  ies,  by  which  they 
contain  a certain  quantity  of  matter,  under  a certain 
bulk  or  magnitude.  Accordingly  a body  that  con- 
tains more  matter  than  another,  under  the  fame  bulk, 
is  faid  to  be  denier  than  the  other,  and  that  in  propor- 
tion to  the  quantity  of  matter;  or  if  the  quantity  of 
matter  be  the  fame,  but  under  a lefs  bulk,  it  is  faid  to 
be  denfer,  and  fo  much  the  more  fo  as  the  bulk  is  lefs. 
So  that,  in  general,  the  deniity  is  diredfly  proportional 
to  the  mafs  or  quantity  of  matter,  and  reciprocally  or 
inverfely  proportional  to  the  bulk  or  magnitude  under 
which  it  is  contained. 

The  quantities  of  matter  in  bodies,  or  at  leafl  the 
proportions  of  them,  are  known  by  their  gravity  or 
weight  ; every  equal  particle  of  matter  being  endowed  - 
with  an  equal  gravity,  it  is  inferred  that  equal  maffes  or 
quantities  of  matter  have  an  equal  weight  or  gravity  ; 
and  unequal  maffes  have  proportionally  unequal  weights. 
So  that,  when  body,  or  mafs,  or  quantity  of  matter  is 
fpoken  of,  we  are  to  underhand  their  weight  or  gra- 
vity. 

From  the  foregoing  general  proportion  of  the  denfity 
of  bodies,  viz,  that  it  is  as  the  mafs  diredtly,  and  as  the 
bulk  inverfely,  may  be  inferred  the  proportion  of  the 
maffes,  or  of  the  magnitudes  ; viz,  that  the  mafs  or 
quantity  of  matter,  is  in  the  compound  ratio  of  the 
bulk  and  denfity  ; and  that  the  bulk  or  magnitude,  is 
as  the  mafs  diredtly,  and  the  den  fit  v inverfely.  Hence, 
if  B,  h he  two  bodies,  or  maffes,  or  weights  ; 
and  D,  d their  refpedlive  denfities  ; 
alfo  M,  m their  m.agnitudes,  or  bulks  : 

Then  the  theorems  above  are  thus  expreffed, 
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No  body  is  abfoliitely  or  pcrfedfly  denfe  ; or  no  fpace 
is  perfedtly  full  of  matter,  fo  as  to  have  no  vacuity  or 
mterflices  ; on  the  contrary,  it  is  the  opinion  of  Newton, 
that  even  the  denfeft  bodies,  as  gold  &c,  contain  but  a 
fmall  portion  of  matter,  and  a very  great  portion  of  va- 
cuity ; or  that  it  contains  a great  deal  more  of  pores  or 
empty  fpace,  than  of  real  fubftance. 

It  has  been  obferved  above,  that  the  relative  denfity 
of  bodies  may  be  known  by  their  weight  or  gravity  ; 
and  hence  the  moil  general  way  of  knowing  thofe  den- 
fities, is  by  aftually  weighing  an  equal  bulk  or  magni- 
tude of  the  bodies,  whether  folid  or  fluid  ; if  folid,  by 
ftiaping  them  to  the  fame  figure  and  dimenfions  ; if 
fluid,  by  filling  the  fame  veffel  v/ith  them,  and  weigh- 
ing  it. 

For  fluids,  there  are  alfo  other  methods  of  finding 


their  denfity  : as  ift,  by  making  an  equilibrium  between 
them  in  tubes  that  communicate  ; for,  the  diameters 
of  the  tubes  being  equal,  and  the  weights  or  quantities 
of  matter  alfo  equal,  the  denfities  will  be  inverfely  as 
the  altitudes  of  the  liquids  in  them,  that  is  inverfely  as 
the  bulk. 

2dly,  The  denfities  of  fluids  are  alfo  compared  to- 
gether by  immerging  a folid  in  them  ; for  if  the  folid 
be  lighter  than  the  liquids,  the  part  irnmerged  by  its 
own  weight,  will  be  inverlely  as  the  denfity  of  the  fluid; 
or  if  it  be  heavier,  and  fink  in  the  liquids,  by  weighing 
it  in  them  ; then  the  weights  loft  by  the  body  will  be 
directly  proportional  to  the  denfities  of  the  fluids. 

Density  of  the  Air^  is  a property  that  has  much  em- 
ployed the  later  philofophers,  fince  the  difeovery  of  the 
Torricellian  experim.ent,  and  the  air-pump.  By  means 
of  the  barometer  it  is  demonllrated  that  the  air  is  of  the 
fame  denfity  at  all  jAces  atjhe  fame  diftance  from  the 
level  of  tlie  fea  ; provided  the  temperature,  or  degree 
of  heat,  be  the  fame.  Alfo  the  denfity  of  the  air  al- 
ways increafes  in  proportion  to  the  com.preiTion,  or  the 
comprefiing  forces.  And  hence  the  lower  parts  of  the 
atmofphcre  are  always  denfer  than  the  upper:  ymt  the 
denfity  of  the  lower  air  is  not  exadlly  proportional  to 
the  weight  of  the  atmofphere,  by  reafon  of  heat  and  cold, 
which  make  conliderable  alterations  as  to  rarity  and 
denfity  ; fo  that  the  barometer  meafiires  the  elallicity 
of  the  air,  rather  than  its  denfityn  If  the  height  of  the 
barometer  be  confidered  as  the  meafure  both  of  the 
denfity  and  elafticity  of  the  air,  when  the  thermometer 
is  at  31°,  and/?'  be  any  other  height  of  the  barometer, 
when  the  thermometer  is  at  t degrees  ; then  in  this  cafe, 
h is  the  meafure  of  the  elafticity, 

and  b is  the  meafure  of  the  denfity  of  the  air. 
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Density  of  the  Planets.  In  homogeneous,  unequal, 
fpherical  bodies,  the  gravities  on  their  fiirfaces,  are  as 
their  diameters  when  the  denfities  are  equal,  or  the  gra- 
vities are  as  the  denfities  when  the  bulks  are  equal ; 
therefore,  in  fpheres  of  unequal  magnitude  and  denfity, 
the  gravity  is  in  the  compound  ratio  of  the  diameters 
and  denfities,  or  the  denfities  are  as  the  gravities  divided 
by  the  diameters.  Knowing  therefore  the  dlamieters  of 
the  planets  by  obfervation  and  comparifon,  and  the  gra- 
vities at  their  furface  by  means  of  the  revolution  of  the 
fatellites,  the  relation  of  their  denfities  becomes  known. 
And  as  I have  found  the  mean  denfity  of  the  earth  to  be 
about  4!  times  that  of  water,  Philof.  Tranf.  1778; 
hence  the  denfities  of  theplanetSj  with  refpedl  to  water, 
become  known,  and  are  as  below  : 


Water 

Denfities. 

1 

The  Sun 

Itt 

Mercury 

- 

9f 

V eniis 

m 

sH 

The  Earth 

m 

4r 

Mars 

3f 

The  Moon 

3tt 

Jupiter 

lA 

Saturn 

m 

n ' 3 

Georgian  Planet 

As  It  is  not  likely  thatany  efthefe  bodies  are  homo- 

genealj 
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geiieal,  the  denfities  here  determined  are  fuppofed  to  be 
the  mean  denfities,  or  fiicli  as  the  bodies  would  have  if 
they  were  homogeneal,  and  of  the  fame  mafs  of  matter 
and  magnitude. 

DENTICLES,  or  D ENTiLs,  are  ornaments  in  a 
cornice,  cut  after  tlie  manner  of  teeth.  Thefeare  moft- 
ly  affefted  in  the  Ionic  and  Corinthian  orders  ; and  of 
late  alfo  in  the  Doric.  The  fquare  member  on  which 
they  are  cut,  is  called  the  Denticule. 

DEPARTURE,  inNavigation,  is  theeafting  orwefl- 
ing  of  a fhip,  with  regard  to  the  meridian  Ihe  departed  or 
failed  from.  Or,  it  is  the  difference  in  longitude,  either 
eaff  or  weft,  between  the  prefent  meridian  the  fhip  is 
under,  and  that  where  the  laft  reckoning  or  obfervation 
was  made.  This  departure,  any  where  but  under  the 
equator,  muff  be  accounted  according  to  the  number 
of  miles  in  a degree  proper  to  the  parallel  the  fhip 
is  in. 

The  Departure,  in  Plane  and  Mercator’s  Sailing,  is 
always  reprefented  by  the  bafe  of  a right-angled  plane 
triangle,  where  the  courfe  is  the  angle  oppofite  to  it,  and 
the  diftance  failed  is  the  hypothenufe,  the  perpendicu- 
lar or  other  leg  being  the  difference  of  latitude.  And 
then  the  theorem  for  finding  it,  is  always  this  : As  ra- 
dius is  to  the  fine  of  the  courfe,  fo  is  the  diffance  failed, 
to  the  departure  fought. 

DEPRESSION  of  the  Pole.  So  many  degrees  &c 
as  you  fail  or  travel  from  the  pole  towards  the  equa- 
tor, fo  many  it  is  faid  you  deprefs  the  pole,  becaufe  it 
becomes  fo  much  lower,  or  nearer  the  horizon. 

Depression  of  a Star,  or  of  the  Sun,  is  its  diftance 
below  the  horizon  ; and  is  meafureiby  an  arc  of  a ver- 
tical circle,  intercepted  between  the  horizon  and  the 
place  of  the  ftar. 

Depression  of  the  Vifthle  Horizon,  or  Dip  of  the 
Horizon,  denotes  its  finking  or  dipping  below  the  true 
horizontal  plane,  by  the  obferver-’s  eye  being  railed 
above  the  furface  of  the  fea  ; in  confequence  of  which, 
the  obferved  altitude  of  an. object  is  by  fo  much  too 
great. 

Thus,  the  eye  being  at  E, 
the  height  AE  above  the  furface 
of  the  earth,  whole  centre  is  C ; 
then  EH  is  the  real  horizon,  and' 

E-6  the  vifible  one,  below  tlie  for- 
mer by  the  angle  HE/>,  by  reafon. 
of  the  elevation  AE  of  the  eye. 

Ho  compute  the  Deprejfion  or  Dip  of  tlye  Horizon, 

In  the  right-angled  triangle  CE/j,  are  given  Q,h  the 
earth’s  radius  = 21000000  feet,  and. the  hypothenufe 
CE  = the  radius  increafed  by  the  height  AE  of  the 
eye  ; to  find  the  angle  C which  is  = the  angle  HIL6,  or 
deprefiion  fought ; 

yIz,  as  Q.h  : CE  : : radius  ; fee.  -<  C, 

or  as  CE  : C/6  : : radius  ; cofin.,  <1  C. 

By  either  of  thefe  theorems  are  computed  the  num- 
bers in  the  following  table,  which  Ihews  the  deprefiion 
or  dip  of  the  horizon  of  the  fea  for  different  heights  of 
the  eye,  from  i foot  to  100  feet.. 
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'of  the 
eye  . 

Dip  of  ' 
the  j 
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13 

3 26 

26 
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2 

I 21  ! 

H 

3 34 

28 

5 3 

3 

1 39  * 

3 42 

3^ 

5 14 

4 

' i 

16 

3 49 

35 

5 39 

5 

2 8 

3 5(> 

40 

6 2 

6 

2 20 

18 

4 3 

45 

6 24 

n 

y 

2 3^  : 

: 19 

4 10 

50 

6 44 

8 

2 42  ‘ 

; 20 

[ 

4 16 

60 

723 

9 

2 52  ' 

! 2 I 

4 22 

70 

7 59 

fO 

3 1 

1 22 

4 28 

80 

32 

1 1 

3 10 

j 23 

4 34 

90 

9 3 

12 

3 18 

! 24 

4 4^ 

’ 100 

J 

9 33 

See  Robertfon’s  Navigation,  book  9 appendix  ; and. 
Tables  requifite  to  be  ufed  with  the  Nautical  Epheme- 
ris,  pa.  I.  See  alfo  Levelling. 

DEPTH,  the  oppofite  of  Pleight,  and  one  of  the  di- 
menfions  of  bodies,  or  of  fpace.  See  Height,  Alti- 
tude, PAevation,  &:c. 

DERHAM  (Doctor  William),  an  eminent  Eng- 
lifii  philofopher  and  divine,  was  born  at  Stowton,  near. 
Worcefter,  1657,  educated  in  Trinity  College,  Ox- 
ford. In  1682,  he  was  prefented  to  the  vicara'^^e  of 
Wargrave  in  Berklhire  ; and,  in  1689,  ^o  the  valuable 
redtory  of  Upminller  in  Effex  ; which,  lying  at  a con- 
venient diftance  from  London,  afforded  him  an  oppor- 
tunity of  converling  and  correfpoiidiag  with  the  princi- 
pal literary  geniufes  of  the  nation.  Applying  himfelf 
there  with  great  eagernels  to  the  purfuit  of  his  iludies. 
in  natural  and  experimental  phiiofophy,  he  foOn  became 
a diltinguiihed  and  ufeful  member  of  the  Royal  Society, 
whofe  Philofophical  Tranfaclions  contain  a great  variety 
of  curious  and  valuable  pieces,  the  fruits  of  his  laudable 
induftry,  in  all  or  moft  of  the  volumes,  from  the  zotli 
to  the  both  iiiclulive  ; the  principal  of  whicii  are  : 

1.  Experiments  on  the  Motion  of  Pendnlams  in 
vacuo. 

2.  A Defeription  of  an  inffrument  for  finding  the 
Meridian. 

3.  Experiments  and-Obfervations  on  the  Motion  of 
Sound. 

4.  On  the  Migration  of  Birds. 

5.  Pli.lory  oi  the  Spots  in  the  Sun,  from  1703  to 
1 7 1 1. 

6.  Obfervations  on  the  Northern  Lights,  Oft.  8,.. 
1726,  and  Oct.  13,  1728. 

7..  Tables  of  the  Eclipfes  of  Jupiter’s  Satellites. 

8.  The  diflercace  of 'I’ime  in  the  meridimi  of  different^ 
places. 

9.  Of  the  meteor  called  Ignis  Fatuus. 

10.  The  Hiilory  of  the  Death  Watch. 

11.  Meteorological  Diaries  for  feveral  years.. 

In  his  younger  days  he  publifhed  his  Artificial  Clocks- 
maker,  a very  ufeful  little  work,  that  has  gone  through 
feveral  editions.  In  1711,  17,12,  1714,  he  preached 
thofe  fermons  at  Boyle’s  lefture,  which  he  afterward 
digeffed  under  tlie  well-known  titles  of  Phyfico-Hheology  - 
and  JJlro-Hheo’ogy^  or  Demonftrations  of  the  being  and-. 

attributes.- 
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attributes  of  God,  from  his  works  of  creation,  and  a fur- 
rey  of  the  heavens. 

In  1716  he  was  made  a canon  of  Windfor,  being 
at  that  time  ehaj^lain  to  the  Prince  of  Wales;  and  in 
i7  <^o  received, from  the  univerfity  of  Oxford,  the  degree 
of  Dodfor  of  Divinity.  Vit  tht  Mlfcellanea  Cu- 

riofa^  in  3 vols  8vo,  -containing  many  curious  papers  of 
Dr.  Halley  and  feveral  other  ingenious  pliilofophers. 
To  him  alfo  the  world  is  indebted  for  the  publication  of 
the  Philofophical  Experiments  of  the  late  eminent  Dr. 
Hooke,  and  other  ingenious  men  of  his  time  ; as  well 
,as  notes  and  illullrations  of  feveral  other  works. 

Dr.  Derham  was  very  well  feilled  in  medical  as  well 
as  in  phyfical  knowledge  ; and  was  conftantly  a phyfi- 
cian  to  the  bodies  as  well  as  the  fouls  of  his  parifhioners. 
This  great  and  good  man,  after  fpending  his  life  in  the 
moll  agreeable  and  improving  ftudy  of  nature,  and  the 
'-diligent  and  pious  difeharge  of  his  duty,  died  at  Up- 
miniler  in  1735,  at  78  years  of  age. 

DESAGULIERS  (John  TheOphilus),  an  emi- 
nent experimental  philofopher,  was  the  fon  of  the  P^ev, 
John  Defaguliers,  a French  Proteftant  refugee,  and  born 
at  Rochelle  in  1683.  His  father  brought  him  to  Eng- 
land an  infant ; and  having  taught  him  the  daffies  him- 
felf,  he  fent  him  at  a proper  age  to  Chrilf-church  Col- 
lege, Oxford;  where  in  1702  he  fucceeded  Dr.  Keil  in 
reading  ledures  on  experimental  philofophy  at  Plart 
Hall.  In  1712  hemarried,  and  fettled  in  London,  when 
he  firft  of  any  introduced  the  reading  of  ledures  in  ex- 
perimental philofophy  in  the  metropolis,  which  he  con- 
tinued during  the  reJI  of  his  life  with  the  greateft  ap- 
plaufe,  having  feveral  times  the  honour  of  reading  his 
lediires  before  the  king  and  royal  family.  In  1714116 
was  eleded  F.  R.  S.  and  proved  a very  ufeful  member, 
as  appears  from  the  great  number  of  his  papers  that  are 
printed  in  their  Philo f,  Tranf.  on  the  fubjeds  of  optics, 
mechanics,  aud  meteorology.  The  magnificent  duke 
of  Chandos  made  Dr.  Defaguliers  his  chaplain,  and  pre- 
fented  him  to  the  living  of  Edgware,  near  his  feat  at 
Cannons ; and  he  became  afterward  chaplain  to  Frederick 
prince  of  Wales.  In  the  latter  part  of  his  life,  he  re- 
moved to  lodgings  over  the  Great  Piazza  in  Covent 
Garden,  where  he  carried  on  his  ledures  with  great  fuc- 
cefs  till  the  time  of  his  death  in  1749,  years  of 

age. 

He  was  a member  of  feveral  foreign  academies,  and 
correfponding  member  of  the  Royal  Academy  of 
Sciences  at  Paris  ; from  which  academy  he  obtained  the 
prize,  propofed  by  them  for  the  befi:  account  of  eledri- 
city.  He  communicated  a multitude  of  cUrious  and  va- 
luable papers  to  the  Royal  Society,  for  the  year  17  14  to 
1743,  or  from  vol.  29  to  vol.  42. 

Befide  thofe  numerous  communications,  he  publiffied 
a valuable  Cottrfe  of  Experimental  Philofophy^  *734’ 

2 large  vols.  4to  ; and  gave  an  edition  of  Gregory's  Ele- 
mertfs  of  Catoptri(^s  and  Dioptric, ty  with  an  Appendix  on 
Refleding  Telefcopes,  8yo,  1735.  This  appendix  con- 
tains fome  Original  Letters  that  pafied  between  Sir 
Ifaac  Newton  and  Mr.  James  Gregory,  relating  to  thofe 
telefcopes. 

DESCENDING,  a going  or  moving  from  above, 
downwards. 

There  are  afeending  and  defeending  fiars,  and  afeend- 
Ing  and  defeending  degrees,  &e. 


Descending  Latltudcy  is  the  latitude  of  a planet  m 
its  return  from  the  nodes  to  the  equator. 

DESCENSION,  in  Afironomy,  is  either  Eighty  or 
oblique. 

Right  Descension  is  a point,  or  arch,  of  the  equa- 
tor, which  defeends  with  a liar,  or  fign,  below  the  hori- 
zon, in  a right  fphere,  and 

Descension  is  a point,  or  arch,  of  the  equa- 
tor, which  defeends  at  the  fame  time  with  a ftar,  or 
fign,  below  the  horizon,  in  an  oblique  fphere. 

Defeenfions,  both  right  and  oblique,  are  counted 
from  the  firfi;  point  of  Aries,  or  the  vernal  interfeftion, 
according  to  the  order  of  the  figns,  i.  e.  from  weft  to 
eaft.  And,  as  they  are  unequal,  when  it  happens  that 
they  anfwer  to  equal  arcs  01  the  ecliptic,  as  for  example 
to  the  12  figns  of  the  zodiac,  it  follows,  that  fometimes 
a greater  part  of  the  equator  rifes  or  defeends  with  a 
fign,  in  which  cafe  the  fign  is  faid  to  afeend  or  defeend 
rightly':  and  fometimes  again,  a lefs  part  of  the  equator 
rifes  or  fets  with  the  fame  fign,  in  which  cafe  it  is 
faid  to  afeend  or  defeend  obliquely.  See  Ascen- 


sion. 

RefraEiion  of  the  Descension.  See  Refraction. 

Descension  A L Difference  y is  the  difference  between 
the  right  and  oblique  defeenfion  of  the  fame  ftar,  or 
point  of  the  heavens. 

Descent,  or  Fally  in  mechanics,  &c,  is  the  motion, 
or  tendency,  of  a body  towards  the  centre  of  the  earth, 
either  direftly  or  obliquely. 

The  defeent  of  bodies  may  be  confidered  either  as 
freely,  like  as  in  a vacuum,  or  as  clogged  or  refifted  by 
fome  external  force,  as  an  oppofing  body,  or  a fluid 
medium,  &c. 

I ft,  If  the  body  h defeend  freely,  and  perpendicular- 
ly, by  the  force  of  gravity  ; then  the  motive  force  urg- 
ing it  downwards,  is  equal  to  its  whole  weight  h ; and 
the  quantity  of  matter  being  h alfo,  the  accelerative 

force  will  be  -r-  or  l. 
b 


2dly,  If  the  body  h defeending,  be  oppofed  by  fome 
mechanical  power,  fiippofe  a wedge  or  inclined  plane, 
that  is,  inftead  of  piiriuing  the  perpendicular  line  of 
gravity,  it  is  made  to  defeend  in  a Hoping  diredlion 
down  the  inclined  plane  : then  if  the  fine  of  the  angle 
the  plane  makes  with  the  horizon  be  Sy  to  the  radius  i, 
the  motive  force  urging  the  body  down  the  plane  will 

is 

be  hs  ; and  therefore  the  accelerative  force  is  — r—  or  x,* 


which  is  lefs  than  in  the  former  cafe  in  the  proportion 
of  X to  T. 

3dly,  In  a medium,  a body  fufpended  lofes  as  much 
of  its  weight,  as  is  the  weight  of  a like  bulk  of  the 
medium  ; and  when  defeending,  it  lofes  the  fame,  be- 
fide  the  obftrudfion  arifing  from  the  cohefion  of  the 
parts  of  the  medium,  and  the  oppofing  force  of  the 
particles  ‘ftruck,  which  laft  produces  a greater  or  lefs 
refiftance,  according  to  the  velocity  of  the  motion.  But, 
the  weight  of  the  body  being  b,  and  that  of  a like  bulk 
of  the  fluid  medium  m,  the  motive  force  urging  the 
body  to  defeend,  is  only  b — m;  that  is,  the  body  only 
falls  by  the  excefs  of  its  weight  above  that  of  an  equal 
bulk  of  the  medium. 

Hence,  the  power  that  fuftains  a body  in  a medfum, 
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h equal  to  the  excefs  of  the  abfolute  weight  of  the  body- 
above  an  equal  bulk  of  the  medium.  Thus,  a piece  of 
copper  weighing  47^  lb,  lofes  531b  of  its  weight  in 
water:  and  therefore  a power  of  421b  will  fuhain  it 
an  the  water. 

4thly,  If  two  bodies  have  the  fame  fpecific  gravity, 
the  lefs  the  bulk  of  the  defcending  body  is,  the  more 
of  its  gravity  does  it  lofe,  and  the  flower  does  it  de- 
fcend,  in  the  fame  medium.  For,  though  the  propor* 
tion  of  the  fpecific  gravity  of  the  bodv  to  that  of  the 
fluid  be  ftill  the  fame,  whether  the  bulk  be  greater  or 
lefs,  yet  the  fmaller  the  body,  the  more  the  iurface  is, 
in  proportion  to  the  mafs  ; and  the  more  the  furface, 
the  more  the  refillance  of  the  parts  of  the  fluid,  in 
proportion. 

5thly,  If  the  fpecific  gravities  of  two  bodies  be  dif- 
ferent ; that  which  has  the  greatell  fpecific  gravity  will 
defeend  with  greater  velocity  in  the  air,  or  lefifting  me- 
dium, than  the  other  body.  Tims,  a ball  of  lead  de- 
feends  fwifter  than  wood  or  cork,  becaufe  it  lofes  leiii 
of  its  weight,  though  in  a vacuum  they  both  fall  equally 
fwift. 

The  caiife  of  this  defeent,  or  tendency  downwards, 
has  been  greatly  controverted.  T wo  oppofitc  hypothefes 
have  been  advanced  ; the  one,  that  it  proceeds  from  an 
internal  principle,  and  the  other  from  an  external  one  : 
the  firfl:  is  maintained  by  the  Peripatetics,  Kpicureans, 
and  the  Newtonians  ; and  the  latter  by  the  Cartelians 
and  Gaflendifls.  See  alfo  Acceleration. 

Ijazus  of  Descent  of  Bodies, 

I ft.  Heavy  bodies,  in  an  unrefifiing  medium,  fall  with 
an  uniformly  accelerated  motion.  For,  it  is  the  nature 
of  all  conflant  and  uniform  forces,  fuch  as  that  of  gra- 
vity at  the  fame  dillance  from  the  centre  of  the  earth,  to 
generate  or  produce  equal  additions  of  velocity  in  equal 
times.  So  that,  if  in  one  fecond  of  time  there  be  pro- 
duced I degree  of  velocity,  in  2 feconds  there  will  be 
2 degrees  of  velocity,  in  3 feconds  3 degrees,  and  fo  on, 
the  degree  or  quantity  of  velocity  being  always  propor- 
tional to  the  length  of  the  time. 

2nd,  The  fpace  defeended  by  an  uniform  gravity,  in 
any  time,  is  juft  the  half  of  the  fpace  that  might  be 
uniformly  deferibed  jn  the  fame  time  by  the  ball  velocity 
acquired  at  the  end  of  that  time,  if  uniformly  continued. 
For,  as  the  velocity  increafes  uniformly  in  an  arithme- 
tic progreffion,  the  whole  fpace  defeended  by  the  va- 
riable velocity,  will  be  equal  to  the  fpace  that  would 
be  deferibed  with  the  middle  velocity  uniformly  con- 
tinued for  the  fame  time;  and  this  again  will  be  only 
half  the  fpace  that  would  be  deferibed  with  the  laft 
velocity,  alio  uniformly  continued  for  the  fame  time, 
becaufe  the  laft  velocity  is  double  of  the  middle  velocity, 
being  produced  in  a double  time, 

3d,  The  fpaces  defeended  by  an  unifoiTU  gravity,  in 
different  times,  are  proportional  to  the  fquares  of  the 
tln-ies,  or  to  the  fquares  of  the  velocities.  For  the 
whole  fpace  defeended  in  any  number  of  particles  of 
time,  confifts  of  the  fums  of  all  the  particular  fpaces, 
or  velocities,  which  are  in  arithmetical  progreffion  ; but 
the  fum  of  fuch  an  arithmetical  progreffion,  beginning 
at  o,  and  liavlng  the  laft  term  and  the  number  of 
terms  the  fame  quantity,  is  equal  to  half  the  fquare 
-of  the  laft  term,  or  of  the  number  of  terms  ; therefore 
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the  whole  fums  are  as  the  fquares  of  the  times,  or  of  the 
velocities. 

This  theory  of  the  defeents  by  gravity  was  firft 
difeovered  and  taught  by  Galileo,  who  afterwards  con- 
firmed the  fame  by  experiments  ; whlcli  have  often 
been  repeated  in  various  ways  by  many  other  perfons 
fince  his  time,  as  Grimaldi,  Riccioli, Huygens,  Newton, 
and  many  others,  all  confirming  the  fame  lav/s. 

The  experiments  of  Grimaldi  and  Riccio’i  waire  made 
by  dropping  a number  of  balls,  of  half  a pound  w-eight, 
from  the  tops  of  feveral  towers,  and  meafminglhe  time^ 
ot  falling  by  a pendulum.  Ricciol.  Almag,  Nov.  tom. 
I lib.  2,  cap.  21,  prop.  4.  An  abftracl  of  their  expe- 
riments is  exhibited  here  below' : 
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Tlie  fpace  defeended  by  a heavy  body  in  any  givew. 
time,  being  deteriulned  by  experiment,  is  fufficient,  in 
connection  with  the  preceding  theorems,  for  determin- 
ing every  inquiry  concerning  the  times,  velocities,  and 
fpaces  dcfceiukxl,  depending  on  an  uniform  force  of 
gravity.  From  many  accurate  experiments  made  in 
England,  it  has  been  found  that  a heavy  body  defeends 
freely  through  16  feet  i inch,  or  16^^  feet,  in  the  firft 
fccond  of  time  ; and  confequently,  by  theorem  2,  tlie 
velocity  gained  at  the  end  of  i fecond,  is  32, feet  prer 
fecond.  Hence,  by  the  fame,  and  theorem  3,  the  ve- 
locity gained  in  any  other  time  t is  32^/,  and  t[ie  fpace 
defeended  is  So  tiiat,  if  denote  the  velocity, 

and  s the  fpace  due  to  the  time  t,  and  there  be  put 
= i6dxi  then 
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The  experiments  wuth  pendulums  give  alfo  the  fame 
fpace  for  the  delccnt  of  a Iieavy  body  in  a fecond  of 
tim.e.  I'lius,  in  the  latitude  of  London,  it  is  fimnd  by 
experiment,  that  the  length  of  a pendulum  vibrating 
feconds  is  juft  39-5  inches  ; and  it  being  known  that  the 
circumfereivee  of  a circle  is  to  its  diameter,  as  the  time 
of  one  vibration  of  any  pendulum,  is  to  tlie  time  in 
which  a heavy -body  will  fall  through  half  tlie  leng-th  of 

the  pendulum  ; iherefor'e  as  3’ j 416  : i : : i ^ 

w'hicli  is  the  time  of  defcending  through  inches,  or 
3 B ^ haU' 
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liaif  the  length  of  the  peiidulum ; then,  fp-aces  being 

as  the  fquares  of  th^  times,  as- r : : : iQt^s-  • 

^ 3-14x6^' 

193  inches,  or  16  feet  1 inch,  which  therefore  is  the 
fpace  a heavy  body  will  defeend  through  in  one  fecond; 
the  very  fame  as  befare, 

4i:h,  For  any  other  conftant  force,,  inilead  of  the  per- 
pendicular free  defeent  by  gravity,  hnd  by  experiment, 
or  otherwife,  the  fpace  delcended  in  one  fecond  by  that 
force,  and  fublHtute  that  inftead  of  for  the  value 

of  g in  thefe  formulEe  : or,  if  the  proportion  of  the 
force  to  the  force  of  gravity  be  known,  let  the  value  of 
g be  altered  in  tlie  fame  proportion,  and  tlie  fame  fo.r- 
muix  will  ftill  liold  good.  So,  if  the  defeent  be  on  an 
inclined  plane,  making,  for  inliance,  an  angle  of  30° 
with  the  horizon  ; then,  the  force  of  defeent  upon  the 
})lane  being  always  as  the  fine  of  the  angle  it  makes 
witli  the  horizon,  in  the  prefent  cafe  it  will  be  as.  the 
fine  of  30°,  that  is,  as  ^ the  radius;  therefore  in  this 
cafe  the  value  of  g will  be  but  half  the  fprmer,  8-2 ,,  in 
all  the  foregoing  formulas. 

Or,  if  one  body  defeending  perpendicularly  draw  ano- 
ther after  it,  hy  means-  of  a cord  Hiding  over  a-  pulley  ; 
then  it  will  be,  as  the  fum  of  the  two  bodies  is  to  the 
defeending  body,  fo  is  16/2  to  the  value  of  g in  this 
cafe ; which  value  of  it  being  ufed  in  the  laid  for- 
mula:,. they  Avill  ftill  hold  good.  And  in  like  man- 
ner for  any  other  conftant  forces  whatever. 

rth,  The  time  of  the  oblique  defeent  down  any  chord 
of  a circle,  drawn  either  from  the  uppermoll  point  or 
lowermoll  point  of  the  circle,  is  equal  to  the  perpendi- 
cular defeent  through  the  diameter  of  the  circle. 

6th.  The  defeent,  or  vibration,  through  all  arcs  of 
the  fame  cycloid  are  equal,  whether  great  or  fmall. 

7th.  But  the  defeent,  or  vibration,  through  unequal 
arcs  of  a circle,  are  unequal  ; the  times  being  greater  in 
the  greater  arcs,  and  lefs  in  the  lefs. 

8th,  For  Defeents  by  Forces  that  are  variable,  fee 
Forces,  &c.  See  alfo  Inclined  Plane,  Cvcloid, 
Pendulum,  &e. 

Line  of  Snvifteji  Descent,  is  that  which  a body, 
falling  by  the  aftion  of  gravity,  deferibes  in  the  Ihorteil 
time  polfible,  from  one  given  point  to  another..  And 
this  line,  it  is  proved  by  philofophers,  is  the  arc  of  a cy- 
cloid, when  the  one  point  is  not  perpendicularly  over 
the  other.  See  Cycloid. 

DESCRIBENT,  a term  in  Geometry,  fignifying  a 
line  or  fuperficies,  by  thq  motion  of  which  a fuperfi- 
cies  or  folid  is  deferibed. 

DETENTS,  in  a clock,  are  thofe  Hops  which,  hy 
being  lifted  up  or  let  down,  lock  and  urdock  the  clock 
in  llriking. 

D etent-/T^^£’/,  or  Hoop-/TA^’/,  that  wheel  in  a 
clock  v/hich  has  a hoop  almoft  round  it,  in  wdiich  there 
is  a vacancy,  where  the  clock  locks. 

DETERMINATE  Number.  See  Number, 

D ETERMiNATE  Problem,  is  that  which  has  but  one 
folution,  or  a certain  limited  number  of  folutions  ; in 
contradillinftion  to  an  indeterntinate  problem,  wEich 
admits  of  infinite  folutions. 

Such,  for  inliance,  is  the  problem,  To  form  an^ 
ifofceles  triahgle  on  a given  line,  fo  that  each  of  the 
angles  at  the  bafe  fhall  be  double  of  that  at  the  ver. 
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lex  ; Avliich  has  only  one  folution  : or  this,  To  Find  am 
ifofceles  triangle  whofe  area  and  perimeter  are  given  ; 
which  admits  of  two  folutions. 

Determinate  Seclion,  the  name  of  a Tra6l,  or  Gene- 
ral Problem,  written  by  the  ancient  geometrician  Apol- 
lonius. None  of  this  work  has  come  down  to  us,  ex- 
cepting fome  extrafls  and  an  account  of  it  by  Pappus,, 
ill  the  preface  to  the  7th  book  of  his  Mathematical 
Colleflions.  He  there  fays  that  the  general  problem 
was,  “ To  cut  an  infinite  right  line  in  one  point  fo, 
that,  of  the  fegments  contained  between  the  point  of 
feclion  fought,  and  given  points  in  the  faid  line,  either 
the  fqiiare  on  one  of  them,  or  the  reflangle  contained* 
by  two  of  them,  may  have  a given  ratio,  either  to  the 
redlangle  contained  by  one  of  them  and  a given  line, 
or  to  the  redlangle  contained  by  two  of  them..” 

Pappus  farther  informs  us,  that  this  Tm6l  of  Apol- 
lonius was  divided  into  two  books  ; that  the  firll  book- 
contained  6 problems,  and  the  fecond  3 ; that  the  6 
problems  of  the  lirft  book  contained  16  epitagmas,  or 
cafes,  refpefling  the  difpofitions  of  the  points  ; and  the 
fecond  book  9.  Farther,  tint  of  the  epitagmas  of  the 
6 problems  of  the  hrfl  book,  4 were  maxima,  and 
one  a minimum  : that  the  maxima  are  at  the  2d  epi- 
' tagma  of  the  2d  problem,  at  the  3d  of  the  4th,  the  3d 
of  the  5th,  and  the  3d  of  the  6th  ; but  that  the  mini- 
mum was  at  the  3d  epitagma  of  the  3d  problem.  Alfo,, 
that  the  fecond  book  contained  three  determinations  ; 
of  which  the  3d  epitagma  of  the  ill  problem,  and  the' 
3d  of  the  2d  were  minima,  and  the  3d  of  the  3d  a, 
maximum.  Moreover,  that  the  hrft  book  had  27  lem- 
mas, and  the  fecond  book  24 ; and  lallly,  that  both, 
books  contained  83  theorems. 

From  fuch  account  of  the  contents  of  this  Tradl,. 
and  the  lemmas  alfo  given  by  Pappus,  feveral  perforts. 
have  attempted  to  rellore,  or  recompofe  what  they* 
thought  might  be  nearly  the  form  of  Apollonius’s  traft,, 
or  the  fubjedl  of  each  problem,  cafe,  determination,  &c; 
among  whom  are,  Snellius,  an  eminent  Dutch  mathe- 
matician of  the  lail  century  ; a tranflatian,  of  whofe 
work  was  publiflied  in  Englldi  by  Mr..  John  LaAvfon,  ia 
1772,  together  with  a new  relloration  of  the  whole 
work  by  his  friend  Mr.  William  Wales. 

DEW,  a thin  light  ihfenfible  giill,,  or  rain,  afeend- 
ing  witli  a flow  motion,  and  falling  while  the  fun  is-, 
below  the  horizon. 

To  us  it  appears  to  differ  from  rain,  as  lefs  from 
moie.  Its  origin  and  matter  are  doubtlefs  from  the  va- 
pours and  exhalations  that  rife  from  the  earth  and  wa- 
ter. See  Exhalation.  Some  define  it  a vapour  li- 
quefied, and  let  fall  in  drops.  M.  Huet,  in  one  of  his- 
letters,  fhews  that  dew  does  not  fall,  but  rlfes  ; and 
others  have  adopted  the  fame  opinion. 

M.  duEay  made  feveral  experiments,  firfl  with  glaffes,. 
then  with  pieces  of  cloth  flretched  horizontally  at  dif- 
ferent heights  ; and  he  found  that  the  lower  bodies, 
with  their  under  furfaces,  were  wetted  before  thofe  that 
were  placed  higher,  or  their  upper  furfaces.  And  Du 
Fay  and  Mufehenbroek  both  found,,  that  different  fub- 
llanccs,  and  even  different  colours,  receive  the  dew  dif- 
ferently, and  fome  little  or  not  at  all. 

From  the  principles  laid  down  under  the  article  Eva- 
poration, the  feveral  phenomena  of  dews  are  eafily 
accounted  for.  Such  as,  for  inliance,  that  dews  are 
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^afTiore  copious  m the  fpring,  than  in  the  other  fealons 
of  the  year  ; there  being  tlien  a greater  itock  of  vapour 
in  readinefs,  than  at  other  times,  by  reafon  of  the 
fniall  expence  of  it  in  the  winter’s  cold  and  froll.  Hence 
it  is  too,  that  Egypt,  and  tome  other  hot  countries, 
abound  with  dews  througluiiit  all  the  heats  of  fuminer; 
for  the  air  there  being  too  hot  to  conlHpate  the  vapours 
in  the  day-time,  they  never  gather  into  clouds  ; and 
hence  they  have  no  rain  : but  in  climates  that  are  ex- 
celhvdy  hot,  the  nights  are  remarkably  cold  ; fo  that 
the  vapours  railed  after  fun-let,  are  readily  condenfed 
into  dews. 

It  is  natural  to  conclude,  from  tlie  different  fubftances 
which  are  combined  with  dew,  that  it  mult  be  either  fa- 
iutary  or  injurious,  both  to  plants  and  animals. 

It  is  not  eafy  to  alcertain  the  quantity  of  dew  that 
rifes  every  night,  or  in  the  whole  year,  becaufe  of  the 
winds  which  dilperfe  it,  the  rains  which  carr)”  it  down, 
and  other  inconveniences  : but  ii  is  known  that  it  riles 
in  greater  abundance  after  rain  than  after  dry  weather, 
and  in  warm  countries , than  in  cold  ones.  There  are 
feme  places  in  which  dew  is  obierved  only  to  afeend, 
and  not  to  fail ; and  others  again  in  which  It  is  carried 
Upwards  in  greater  plenty  than  downwards,  being  dif- 
perfed  by  the  winds. 

Dr.  Hales  made  fome  expenments,  to  determine  the 
<]!uantity  of  dew  that  falls  in  the  night.  For  this  pur- 
pofe,  on  the  15th  of  Augull,  at  7 in  the  evening,  he 
filled  two  glazed  earthen  pans  with  moill  earth  ; the 
dimenfions  of  the  pans  being,  3 inches  deep,  and  12 
inches  diameter  ; and  he  obferves,  that  the  moiller  the 
earth,  the  more  dew  falls  on  it  in  a night  ; and  that 
more  than  a double  quantity  of  dew  falls  on  a furface 
of  water,  than  on  an  equal  furface  of  moill  earth.  Thele 
pans  increafed  in  weight  by  the  night’s  dew,  180  grains; 
and  decrcafed  in  weight  by  the  evaporation  of  the  day, 
1 oz  zSzgrs:  fo  that  540  grains  more  are  evaporated 
from  the  earth  every  24  hours  in  fummer,  than  the  dew 
that  falls  in  the  night ; i.  e.  in  21  days  near  26  ounces 
from  a circular  area  of  a foot  diameter.  Now  if  180 
grains  of  dew,  falling  in  one  night  on  fuch  an  area,  which 
is  equal  to  1 1 3 fquare  inches,  be  equally  fpread  on  the 
-furface,  its  depth  will  be  the  159th  part  of  an  inch.  He 
likewife  found  that  the  depth  of  dew  in  a winter’s  nigfit 
was  the  90th  part  of  an  inrh.  If  therefore  we  allow 
159  nights  for  the  extent  of  the  fummer’s  dew,  it  will 
in  that  time  amount  to  one  incli  in  depth  ; and  reckon- 
ing the  remaining  206  nights  for  the  extent  of  the  win- 
ter’s dew,  it  will  produce  2*28  inches  depth  ; and  the 
dew  of  the  whole  year  will  amount  to  ^*28  inches  depth. 
But  the  quantity  which  evaporated  in  a fair  lummer’s 
day  from  the  fame  furface,  being  i oz  and  282  grs,  gives 
the  40th  part  of  an  inch  deep  for  evaporation,  which  is 
-4  times  as  much  as  fell  at  night.  Dr.  Flales  obferves 
that  the  evaporation  of  a winter’s  day  is  nearly  the  fame 
as  in  a fummer’s  day  ; the  earth’s  greater  moillure  in 
winter  compenfating  for  the  fun’s  greater  heat  in  fum- 
mer. Flales’s  Vegetable  Statics,  vol.  ],pa.  52  of 4th 
-edit.  See  Evaporation. 

Signor  Beccaria  made  feveral  experiments  to  demon- 
Ilrate  the  exiftence  of  the  eledlricity  that  is  produced 
by  dew.  He  obferves  in  general,  that  fuch  eledlricity 
took  place  in  clear  and  dry  weather,  during  which  no 
ffiong  wind  prevailed  ; and  that  it  depends  on  the 


quantity  of  the  dew,  as  the  ele6f.ricity  of  the  rain  de- 
pends on  the  quantity  of  the  rain.  Fit  fometimes  found 
that  it  began  before  fun-fet  ; at  other  times  not  till 
1 1 o’clock  at  night.  Artificial  Ektlricity^  Appendix, 
letter  3. 

DE  WIT  (John),  the  famous  Dutch  penfionary, 
was  born  at  Dort,  in  1625  ; where  lie  profecuted  his 
lludies  fo  diligently,  that  at  23  years  of  age,  he  pub- 
lilhed  Eliuneiita  Ciirvarum  Einearuvij  one  of  the  deepeft 
books  in  mathematics  at  that  time.  After  taking  his 
degrees,  and  travelling,  he,  in  1650,  became  penfionary 
of  Dort,  and  ditlinguiihed  himfelf  very  early  in  the  ma- 
nagement of  public  affairs,  which  loon  after  raifed  him 
to  the  rank  of  penfionary  of  blolland.  After  render- 
ing tlie  greatell  benefits  to  his  coinffry'  in  many  import- 
ant inflances,  and  ierving  it  in  feveral  high  capacities, 
with  the  greatell  ability^  diligence,  and  integrity,  by 
fome  intrigues  of  the  court,  it  is  faid,  he  and  his  brother 
were  thrown  into  priion,  from  whence  they  were  drag- 
gedby^  tlie  mo)j,  and  butchered  with  the  moft  cruel  and 
favage  barbarity. 

DI ACAUSTIC  Curve,  or  the  Caujl'ic  by  Refrad'ton, 
is  a fpecies  of  cauilic  curves,  the  genefis  of  which  is  in 
the  following  manner.  Imagine  an  infinite  number  of 
rays  BA,  BM,  BD,  &c,  iffuing  from  the  fame  liimi- 
Hous  point  B,  refracled  to  or  from  the  perpendicular 
MC,  by  the  given  curve  AMD  ; and  fo,  that  CE  the 
fines  of  the  angles  of  Incidence  CME,  be  always  to 
CG  the  fines  of  the  refracled  angles  CMG,  in  a given 
ratio  ; then  the  curve  HEN  that  touches  all  the  refrac- 
ted rays  AH,  ME,  DN,  8:c,  is  called  the  Diacaullic, 
or  Cauilic  by'  Refratfion. 


DIACOUSTICS,  or  DiAPHONiOS,  the  coilfidera 
lion  of  the  properties  of  lound  refracled  in  paffing 
through  different  mediums ; that  is,  out  of  a denfei 
into  a more  fubtile,  or  out  of  a more  fubtilc  into  a 
denfer  medium.  See  Sound. 

D I AD  ROME,  a term  fometimes  ufed  for  the  vibra- 
tion, motion,  or  fvving  of  a pendulum. 

DIAGONAL,  is  a right  line  drawn  acrofs  a figure, 
from  one  angle  to  another;  and  is  fometimes  called  a 
diameter.  It  is  ufed  chiefly  in  quadrilateral  figure^, 
viz,  in  parallelogranvs  and  trapeziums. 

1.  Every  diagonal,  as  AC,  di- 
vides a parallelogram  into  two 
equal  parts  or  triangles  ABC. 

ADC. 

2.  Two  diagonals,  AC,  BD, 
drawn  in  a parallelogram,  do  mu- 
tually bifedt  each  other ; as  in  the  point  'E> 
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3.  Any  line,  as  FG,  drawn  through  the  middle  of 
the  diagonal  of  a parallelogram,  is  biledled  by  it  at  the 
point  ii,  ; and  it  divides  the  parallelogram  into  two 
equal  parts,  BFGC  and  AFGD. 

4.  The  diagonal  of  a fquare  is  incommenfurablc  with 
its  iidc. 

5.  In  any  parallelogram,  the  fiim  of  the  fquares  of 
the  four  Tides  is  equal  to  the  fum  of  the  fquares  oi  the 
two  diagonals. 

6.  In  any  trapeza'iim,  the  fum  of  the  fquares  of  the 
four  hdes  is  equal  to  the  fum  of  the  fquares  of 
the  two  diagonals  together  with  4 times  the  fquare  of 
the  diftance  between  the  middle  points  of  the  diagonals. 

7.  In  any  trapezium,  the  fum  of  the  fquares  of  the 
two  diagonals  is  double  the  lorn  of  the  fquares  of 
two  lines  bifeffing  the  two  pairs  of  oppcfite  fides. 

8.  In  any  quadrilateial  infcribed  in  a circle,  the 
rectangle  of  the  tw^o  diagonals  is  equal  to  the  fum  of 
the  two  rectangles  under  the  two  pairs  of  oppohte 
fides. 

D lAGONAL  Scale.  See  Scales. 

DIAGRAM,  is  a fcheme  for  the  explanation  or  de- 
monftration  of  any  figure,  or  of  its  properties. 

DIAL,  or  Sun-Dial,  an  inllrument  for  meafuring 
rime  by  means  of  the  fun’s  laadow.  Or,  it  is  a draught 
or  dcicription  of  certain  lines  on  the  furface  of  a body, 
to  that  the  fnadow  of  a ftyle,  or  ray  of  the  fun  through 
a liole,  fhould  touch  certain  marks  at  certain  hours. 

Sun-Dials  are  doubtlefs  of  great  antiquity.  But  the 
firif  iipoH  iTcord  is,  it  feems,  the  dial  of  Ahaz,  who 
began  to  reign  4co  years  before  Alexander,  and  within 
1 2 years  of  the  Building  of  Rome  : it  is  mentioned  in 
iiaiah,  chap.  38,  ver.  8. 

Several  of  the  anticnts  are  fpoken  of,  as  makers  of 
dials  ; as  Anaximenes  Milefius,  Thales.  Vitruvius  men- 
tions one  made  by  the  ancient  Chaldee  hiftorian  Be- 
rofus,  on  a reclining  plane,  almoff  parallel  to  the  equa- 
tor. Ariftarchus  Samius  invented  the  hemifpherical  dial. 
And  there  were  at  the  fame  time  fome  fpherical  ones, 
with  a needle  for  a gnomon.  The  difciis  of  Ariftarchus 
was  an  hciizontai  dial,  with  its  rim  raifed  up  all  around, 
to  prevent  the  ftiadow  from  ftretching  too  far. 

It  was  late  before  the  Rom.ans  became  acquainted 
With  dials.  The  firft  fun-dial  at  Rome  was  fet  up  by 
Papyrius  Curfor,  about  the  460th  year  of  the  city  ; be- 
fore which  time,  Pliny  fays  there  is  no  mention  of  any 
account  of  time  but  by  the  fun’s  rifing  and  fetting  : 
the  fii*ft  dial  was  fet  up  near  the  temple  of  Qiiirinus  ; 
blit  being  inaccurate,  about  30  yeojs  after,  another 
was  brought  out  of  Sicily  by  the  conful  M.  Valerius 
MelTala,  which  he  placed  on  a pillar  near  the  Roftrum  ; 
but  neither  did  this  Ihew  time  truly,  becaufe  not  made 
for  that  latitude  ; and,  after  ufing  it  99  years,  Martins 
Phiiippus  fet  up  another  more  exaCt. 

The  diverfity  of  fun-dials  arifes  from  the  different 
fituation  of  the  plains,  and  from  the  different  figure  of 
tlie  furfaces  upon^which  they  are  defcribed  ; whence 
they  become  denominated  equinotiial,  horizontal,  vertical, 
polar,  direS,  ereS,  declining,  inclining,  reclining,  cylindrical, 
&c.  For  the  general  principles  of  their  conftruClion, 
fee  Dialling. 

Dials  are  fometimes  diftinguifhed  into  primary  and 
fecondary, 

r rimary  Dials  are  fuch  as  are  drawn  either  on  the 


plane  of  the  horizon,  and  thence  called  horizontal  dials 
or  perpendicular  to  it,  and  called  vertical  dials  ; or  elfe 
drawn  on  the  polar  and  equinoflial  planes,  though  nei- 
ther horizontal  nor  vertical.  And 

Secondary  Dials  are  all  thofe  that  are  drawn  on  the 
planes  of  other  cirule  , befide  thofe  laft  mentioned  ; or 
thofe  which  either  decline,  incline,  recline,  or  dein- 
cline. 

Each  of  thefe  again  is  divided  into  feveral  others,  as?  - 
follow : 

Equinoctial  Dial,  is  that  which  is  defcribed  on  an ; 
equinoctial  plane,  or  one  parallel  to  it. 

Horizontal  Dial,  is  defcribed  on  an  horizontal  plane, , 
or  a plane  parallel  to  the  horizon. — This  dial  fnewstiie  • 
hours  from  fun-rife  to  fun-fet. 

South  Dial,  or  an  EreSt,  direB  South  Dial,  is  that  de- 
fcribed on  the  furface  of  the  prime  vertical  circle  look-- 
ing  towards  the  fouth. — This  dial  fhews  the  time  from  - 
6 in  the  morning  till  6 at  night* 

North  Dial,  or  an  EreB,  direB  North  Dial,  is,  that  ■ 
which  is  defcribed  on  the  furface  of  the  prime  verti- 
cal looking  northv/ard.  This  dial  only  ftiews  the  hours;* 
before  6 in  the  morning,  and  after  6 in  the  evening. 

Eajl  Dial,  or  EreB,  direB  Eajl  Dial,  is  that  drawn s 
on  the  plane  of  the  meridian,  looking  to  the  eaft. — This^ 
can  only  ftiew  the  hours  till  1 2 o’clock. 

Wejl  Dial,  or  EreB,  direB  Wejl  Dial,  is  that  defcrlbeip. 
on  the  weftern  fide  of  the  meridian.- — This  can  only- 
ftiew  the  hours  after  noon.  Confeqiiently  this,  and  the 
laft  preceding  one,  will  ftiew  all  the  hours  of  the  day  be-  - 
tween  them. 

Polar  Dial,  is  that  which  is  defcribed  on  a plane, 
paffing  through  the  poles  of  the  wmrld,  and  the  eaft  and 
weft  points  of  the  horizon.  It  is  of  two  kinds;  the. 
firft  looking  up  towards  the  zenith,  and  called  the  up-  - 
per  ; the  latter,  dowm  tow’ards  the  nadir,  called  the  lovu--~ 
er.  The  polar  dial  therefore  is  inclined  to  the  horizon 
in  an  angle  equal  to  the  elevation  of  the  pole. — The  up- 
per polar  dial  ftiews  the  hours  from  6 in  the  morning 
till  6 at  night,  and  the  lower  one  ftiews  the  hours  be- 
fore 6 in  the  morning,  and  after  6 in  the  evening,  viz, 
from  fun-rife  and  till  fun-fet. 

DecliningDiA^^,  are  ereCt  or  vertical  dials  which  de- 
cline from  any  of  the  cai'dlnal  points  ; or  they  are  fuch 
as  cut  either  the  plane  of  the  prime  vertical,  or  of  the 
horizon,  at  oblique  angles. 

Declining  dials  are  of  very  frequent  ufe  ; as  the 
walls  of  houfes,  on  which  dials  are  moftly  drawm,  com- 
monly deviate  from  the  cardinal  points. 

Of  declining  dials  there  are  feveral  kinds,  which  are 
denominated  from  the  cardinal  points  which  they  are 
neareft  to  ; as  decliners  from  the  fouth,  and  from  the 
north,  and  even  from  the  zenith. 

Inclined  Dials,  are  fuch  as  are  drawn  on  planes  not 
ere6f,  but  inclining,  or  leaning  forward  towards  the 
fouth,  or  fouthern  fide  of  the  horizon,  in  an  angle,  either 
greater  or  lefs  than  the  equinodtial  plane. 

Reclining  Dials,  are  thofe  drawm  on  planes  not  eredi, 
but  reclined,  or  leaning  backwards  from  the  zenith  to- 
wards the  north,  in  an  angle  greater  or  lefs  than  the 
polar  plane. 

Deinclined  DiA'Ls,  are  fnch  as  both  decline  and  in- 
cline, or  recline.*— Thefe  laft  three  forts  of  dials  are  very 
rare. 
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Dials  nvlthovt  Cet’treSf  are  thofe  xvhofe  hour  lines 
converge  fo  flowly,  that  the  centre,  or  point  of  their 
concourfe,  cannot  be  expreffed  on  the  given  plane. 

^ladrantal  Dial.  See  HorodiElical  Qjuadrant. 

RefteBbig  Dial.  See  Reflecting  Dial. 

Cy  .indrical  Dial,  is  one  drawn  on  the  curve  furface 
of  a cylinder.  This  may  firft  be  drawn  on  a paper 
plane,  and  then  pafted  round  a cylinder  of  wood,  &c. 
It  will  Ihew  the  time  of  the  day,  the  fun’s  place  in 
the  ecliptic,  and  his  altitude  at  any  time  of  obferva- 
tion. 

There  are  alfo  Portalle  Dials,  or  on  a Cardy  and 
Uni’verfalYj lA'LS  on  a Plain  Crofs,  See. 

Refra&ed  Dials,  are  fuch  as  fhe\v  the  hour  by  means 
of  feme  refrafting  tranfparent  fluid. 

Ring  Dial,  is  a fmall  portable  dial,  confifling  of  a 
brafs  ring  or  rim,  about  2 inches  in  diameter,  and  one- 
third  of  an  inch  in  breadth.  In  a point  of  this  rim 
there  is  a hole,  through  which  the  fun  beams  pafs,  and 
form  a bright  fpeck  in  the  concavity  of  the  oppolite 
femi-circle,  which  gives  the  hour  of  the  day  in  the  di- 
vifions  marked  within  it. 

When  the  hole  is  fixed,  the  dial  only  Ihews  true  about 
the  time  of  the  equinox.  But  to  have  it  perform  through- 
out the  whole  year,  the  hole  is  made  moveable,  the 
figns  of  the  zodiac,  or  the  days  of  the  m.onth,  being 
marked  on  the  convex  fide  of  the  ring  ; hence,  in  ufing 
it,  the  moveable  hole  is  fet  to  the  day  of  the  month, 
or  the  degree  of  the  zodiac  the  fun  is  in  ; then  fuf- 
pending  the  dial  by  the  little  ring,  turn  it  towards  the 
fun,  and  his  rays  through  the  hole  will  fhew  the  hour 
on  the  divifions  within  fide. 

Univerfaly  or  AJlronomical  Ring  Dial,  is  a ring  dial 
which  fhews  the  hour  of  the  day  in  any  part  of  the 
earth  ; whereas  the  former  is  confined  to  a certain  lati- 
tude. Its  figure  fee  reprefented  below. 


It  confifls  of  tw'o  rings  or  flat  circles,  from  2 to  6 
Inches  in  diameter,  and  of  a proportionable  breadth  See. 
The  outward  ring  A reprefents  the  meridian  of  any 
place  you  are  at,  and  contains  two  divifions  of  90  de- 
grees each,  diametrically  oppolite  to  one  another,  the 
one  ferving  from  the  equator  to  the  north  pole,  the 


other  to  the  fouth  pole.  The  inner  ring  reprefents  the 
equator,  and  turns  exactly  within  the  outer,  by  mciins 
of  t wo  pivots  in  each  ring  at  the  hour  of  12. 

Acrofs  the  two  circles  goes  a thin  reglet  or  bridge, 
with  a curfor  C,  Hiding  along  the  middle  of  the  bridge, 
and  having  a fmall  hole  for  the  fun  to  fhine  through. 
The  middle  of  this  bridge  is  conceived  as  the  axis  of 
the  world,  and  the  extremities  as  the  poles  : on  the 
one  fide  are  di*awn  the  figns  of  the  zodiac,  and  on  the 
other  the  days  of  the  month.  On  the  edge  of  the 
meridian  Hides  a piece,  to  which  is  fitted  a fmall  ring 
to  fufpend  the  inllrumeiit  by. 

In  this  dial,  the  divifions  on  the  axis  are  the  tangents 
of  the  angles  of  the  fun’s  declination,  adapted  to  the  femi- 
diameter  of  the  equator  as  radius,  and  placed  on  either 
fide  of  the  centre  ; but  inflead  of  laying  them  down 
from  a line  of  tangents,  a fcale  of  equal  parts  may 
be  made,  of  which  1000  lhall  anfwer  exactly  to  the 
length  of  the  femi-axis,  from  the  centre  to  the  infide 
of  the  equlno6lial  ring  ; and  then  434  of  thefe  parts 
may  be  laid  down  from  the  centre  towards  each  end, 
which  wllllim.it  all  divlHons  on  the  axis,  becaufe434 
is  the  natural  tangent  of  23°  2%'.  And  thus,  by  a 
nonius  fixed  to  the  Hiding  piece,  and  taking  the  fun’s 
declination  from  an  ephemeris,  and  the  tangent  of  that 
declination  from  the  table  of  natural  tangents,  the  Hider 
might  be  always  fet  true  within  2 minutes  of  a de- 
gree. This  fcale  of  434  equal  parts  might  be  placed 
right  againll  the  23°  28'  of  the  fun’s  declination,  on 
the  axis,  inftead  of  the  fun’s  place,  which  is  there  of 
little  life.  For  then  the  Hider  might  be  fet  in  the  ufual 
way,  to  tlie  day  of  the  month,  for  common  ufe  ; or 
to  the  natural  tangent  of  the  declination,  when  great 
accuracy  is  required. 

Do  ufe  this  Dial:  Place  the  line  a (on  the  middle 
of  the  Hiding  piece)  over  the  degree  of  latitude  of  the 
place,  as  for  inllance  5 D degrees  for  London  ; put  the 
line  which  crofles  the  hole  of  the  curfor  to  the  degree  of 
the  Hgii,  or  day  of  the  month.  Open  the  irdhumeni 
fo  as  that  the  two  rings  be  at  right  angles  to  each 
other,  and  fufpend  it  by  the  ring  H,  that  the  axis  ol 
the  dial,  reprefented  by  the  middle  of  the  bridge,  may 
be  parallel  to  the  axis  of  the  world.  'Phen  turn  the 
flat  fide  of  the  bridge  towards  the  fun,  fo  that  his  rays, 
ftrikinsf  throimh  the  fmall  hole  in  tlie  msiddie  oi  the 

O C*>  ^ , 

curfor,  may  fall  exactly  on  a line  drawn  round  tlie  mid- 
dle of  the  concave  furface  of  the  inner  ring  ; in  which 
caie  the  bright  fpot  fliews  tUe  hour  oi  tne  day  m the 
laid  concave  furface  of  the  ring. 

Nodunial  or  Night-1) \Ai.y  is  that  whicli  Hiev/s  the 
hour  of  the  night,  by  the  light,  or  lliadow  projedted 
from  the  moon  or  liars. 

Lunar  or  Moon  Dials  may  be  either  piirpofely  de- 
feribed  and  adapted  to  the  moon’s  motion  ; or  tlie  hour 
may  be  found  on  a fun-dial  by  the  moon  Ihining  upon 
it,  thus  : Obferve  the  hour  which  the  Hiadow  of  the 
index  points  at  by  moon  light  J find  the  da  3^3  of  the 
m.oon’s  age  in  the  calendar,  ancTtake  3-4ths  of  that 
number,  for  tlie  hours  to  be  added  to  tlie  hour  ihewn 
by  the  Hiadowq  to  give  the  hour  of  the  night.  I'he 
reafon  of  whicli  is,  that  the  moon  comes  to  the  fame 
horary  circle  later  than  the  fun  by  aoout  three  quar- 
ters of  an  liour  every  day  ; and  at  the  time  of  new 
moon  the  folar  and  lunar  hour  coincide. 
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Dial  Planes,  are  the  plane  fupeiTicIcs  upon  which 
the  hour  lines  of  dials  are  drawn. 

T ia'e  Dial.  S ee  T i d e Dial. 

DIALLING,  the  art  of  drawing  fun,  moon,  and 
ftar-dials  on  any  fort  of  furfacc,  whether  plane  or 
curved. 

Dialling  is  wholly  founded  on  the  firft  motion  of 
the  heavenly  bodies,  and  chiefly  the  fun  ; ov  rather  on 
the  diurnal  rotation  of  the  earth  : fo  that  the  elements 
of  fpherics,  and  fpherical  trigonometry,  fhould  be  un- 
de'illood,  before  a perfoii  advances  to  the  doflrlne  of 
dialling. 

The  principles  of  dialling  may  be  aptly  deduced  from, 
and  illuftrated  by,  the  phenomena  of  a hollow  or  tranf- 
pai  ent  fphere,  as  of  glafs.  Thus,  fuppofe  aPcp  to  re- 


prefent  the  earth  as  tranfparent ; and  its  equator  as 
divided  into  24  equal  parts  by  io  many  meridian  femi- 
circles  a,  h,  c,  d,  e,  fee,  one  of  which  Is  the  geographical 
meridian  of  any  given  place,  as  London,  which  It  Is 
fuppofed  is  at  the  point  a ; and  If  the  hour  of  12  were 
marked  at  the  equator,  both  upon  that  meridian  and 
the  oppofite  one,  and  all  the  reft  of  the  hours  in  order 
on  the  other  meridians,  thofe  meridians  would  be  the 
hour  circles  of  London  : becaufe,  as  the  fun  appears  to 
jnove  round  the  earth,  which  is  In  the  centre  of  the  vi- 
fible  lieavens,  in  24  hours,  he  will  pafs  from  one  meridian 
to  another  in  an  hour.  Then,  if  the  fphere  had  an 
opake  axis,  as  PEp,  terminating  in  the  poles  P and  p, 
the  fliadow  of  tlie  axis,  which  is  in  the  fame  plane  with 
the  fun  and  with  each  meridian,  rvould  fall  upon  every 
particular  meridian  and  hour,  when  the  fun  came  to  the 
plane  of  the  oppofite  meridian,  and  would  confequently 
Ihew  the  time  at  London,  and  at  all  other  places  on  the 
fame  meridian.  If  this  fpliere  were  cut  through  the 
middle  by  a iolid  plane  A BCD  in  the  rational  horizon 
of  London,  one  half  of  the  axis  EP  w''ould  be  above  the 
plane,  and  tlie  other  half  below  it;  and  if  ftraight  lines 
were  drawn  from  the  centre  of  the  plane  to  thofe  points 
where  its  circumference  is  cut  by  the  hour  circles  of 
the  fphere,  thofe  lines  would  be  the  hour  lines  of  an 
horizontal  dial  for  London  ; for  the  fliadow  of  the  axis 
would  fall  upon  each  particular  hour  line  of  the  dial, 
when  it  fell  upon  the  like  hour  circle  of  the  fphere. 


If  the  plane  which  cuts  the  fphere  be  Upright,  as 
AFCG,  toudiing  the  given  place,  for  ex.  i..ondon,  at  F* 


and  direttly  facing  the  meridian  of  London,  it  will 
then  become  the  plane  of  an  eredt  diredl  fouth  dial ; and 
if  right  lines  be  drawn  from  its  centie  E,  to  thofe 
points  of  its  circumterence  where  the  hour  circles  of 
the  fphere  cut  it,  theie  will  be  the  hour  lines  of  a ver- 
tical or  diredt  fouth  dial  for  London,  to  which  the 
hours  are  to  be  fet  in  the  figure,  contrary  to  thofe  on 
an  horizontal  dial  ; and  the  lower  half  ILp  of  the  axl^ 
will  call  a fliadow  on  the  hour  of  the  day  In  this  dial, 
at  the  fame  time  that  it  would  faU  upon  the  like  hour 
circle  of  the  fphere,  if  the  dial  plane  was  not  in  the 
way. 

If  the  plane,  ftill  facing  the  meridian,  be  made  to  in- 
cline, or  recline,  any  number  of  degrees,  the  hour 
circles  of  the  Iphere  will  ftill  cut  the  edge  of  the  plane 
in  thofe  points  to  which  the  hour  lines  muft  be  drawn 
ifroight  from  the  centre  ; and  the  axis  of  the  fphere 
will  caft  a fliadow  on  thefe  lines  at  the  refpedfive  hours. 
The  like  will  ftill  hold,  if  the  plane  be  made  to  decline 
by  any  number  of  degrees  from  the  meridian  towards 
the  eaft  or  weft  ; provided  the  declination  be  iefs  than 
90  degrees,  or  the  rcclination  be  lefts  than  the  co-lati- 
tude of  the  place  ; and  the  axis  of  the  fphere  will  be 
the  gnomon:  ofherwife,  the  axis  will  have  no  elevation 
above  the  plane  of  the  dial,  and  cannot  be  a gnomon. 

Thus  it  appears  that  the  plane  of  every  dial  repve- 
fents  the  plane  of  fome  great  circle  on  the  earth,  and 
the  gnomon  the  earth’s  axis  ; the  vertex  of  a right 
gnomon  the  centre  of  the  earth  or  vifible  heavens ; and 
the  plane  of  the  dial  is  juft  as  far  "from  this  centre  as 
from  the  vertex  of  this  ftile.  The  earth  itfelf,  com- 
pared with  its  diftance  from  the  fun,  is  confidered  as 
a point  ; and  therefore,  if  a fmall  fphere  of  glafs  be 
placed  upon  any  part  of  the  earth’s  furface,  fo  that  its 
axis  be  parallel  to  the  axis  of  the  earth,  and  the  fphere 
liave  fuch  lines  upon  it,  and  fiich  planes  within  it,  as 
above  deferibed  ; it  will  fliew  the  hours  of  the  day  as 
truly  as  if  it  were  placed  at  the  earth’s  centre,  and  the 
fnell  of  the  earth  were  as  tranfparent  as  glafs.  Fer- 
gufon,  le6f,  IO. 

The  principal  writers  on  Dials,  and  Dialling,  are 
the  following  ; Vitruvius,  in  his  Architedfure,  cap.  4 

and 
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and  7,  lib.  9 : Sebadian  Munfter,  his  Horolographia  ; 
John  Dryander  de  Horologioriini  varia  Compoiitione  : 
Conrade  Gefner’s  Pandeclas  ; Andrew  Schoner’s  Gno- 
monicae  : Fred.  Commandine  de  Horologiorum  De- 
fcriptione ; Joan.  Bapt.  Benedidlus  de  Gnomoniim 
Umbrariimque  Solarium  Ufa  : Joannes  Georgius 
Schomberg,  Exegehs  Fundamentorum  Gnomonico- 
rum  : Solomon  de  Cans,  Traite  dcs  Horologes  So- 
laircs  : Joan.  Bapt.  Trolta,  Praxis  Horologiorum  : 
Hefargues,  Maniere  Univerfelle  pour  pofer  rEfiieu  Sc 
placer  les  Heures  & autres  C holes  aux  Cadrans  Solaires : 
Ath.  Kircher,  Ars  magna  Liicis  & Umbras  : Hallum, 
Explicatio  Horoiogii  in  Horto  Regio  Londini  : Trac- 
tatus  Horologiorum  Joannis  Mark  : Clavius,  Gnomo- 
nices  de  Korologiis  ; in  wliicli  he  demonflrates  both 
the  theory  and  the  operations  after  the  rigid  manner 
of  the  ancient  mathematicians  : Dechales,  Ozanam, 
and  Schottus,  gave  much  ealier  treatifes  on  this  fub- 
jefl:;  as  did  alio  Wolhus  in  his  Elementa  : M.  Picard 
gave  a new  method  of  making  large  dials,  by  calcu- 
lating the  hour  lints  ; and  M.  De  la  Hire,  in  his  Dial- 
ling, printed  in  1603,  gave  a geometrical  method  of 
drawing  hpur  lines  from  certain  points,  determined  by 
obfervation.  Evcrhard  W’nlper,  in  1625,  publillred  his 
Dialling,  in  which  he  lays  down  a method  of  drawing 
the  primary  dials  on  a very  eafy  foundation  ; and  the 
fame  foundation  is  alfo  defcribed  at  length  by  Seballian 
Munller,  in  his  Riidimenta  Mathematica,  publilhed  in 
1651.  In  1672,  Sturmius  publilhed  a new  edition  of 
Walper’s  Dialling,  with  the  addition  of  a whole  fecond 
part,  concerning  inclining  and  declining  dials,  See.  In 
1708,  the  fame  work,  with  Stiirmius’s  additions,  was 
re-publifned,  with  the  addition  of  a 4th  part,  contain- 
ing Picard’s  and  De  la  Flire’s  methods  of  drawing  large 
dials,  which  makes  much  the  beft  and  fullefl  book  on 
the  fubject.  Peterion,  Michael,  and  Muller,  have  each 
written  on  Dialling,  in  the  German  language  : Coet- 
fius,  in  his  Florologiographia  Plana,  printed  in  1689  ; . 
Gauppen,  in  his  Gnomonica  Mechanlca  : Leybourn, 
in  his  Dialling  : Bion,  in  his  E^fe  of  Mathematical 
Inftruments  : \Vells,  in  Ids  Art  of  Shadows.  There 
is  alfo  a treatife  by  M.  Deparceux,  1740.  Mr.  Fer- 
gufon  has  alfo  written  on  the  fame  fubjecl  in  liis  Lec- 
tures on  Mechanics  ; befides  Emerfon,  in  liis  Dialling  ; 
and  Mr.  W.  Jones,  in  his  Irdlrumental  Dialling. 

Ujiiverfal  Dialling  CyAWEr,  is  reprefented  in 
hg.  2,  plate  vii,  where  A BCD  is  a glafs  cylindrical 
tube,  clofed  at  both  ends  with  brafs  plates,  in  the 
centres  of  wdilch  a wn’re  or  axis  EFG  is  fixed.  The 
tube  is  either  fixed  to  an  horizontal  board  H,  fo  that 
its  axis  may  make  an  angle  with  the  board  equal  to 
that  which  the  earth’s  axis  makes  wn’th  the  horizon  of 
any  given  place,  and  be  parallel  to  the  axis  of  the 
•world  ; or  it  may  be  made  to  move  on  a joint,  and 
elevated  for  any  particular  latitude.  The  tw^enty-four 
hour  lines  are  drawn  wdth  a diamond  on  the  outfide 
of  the  glafs,  equidiftant  from  each  other,  and  parallel 
to  the  axis.  The  XII  next  B Hands  for  midnight, 
and  the  XII  next  the  board  H for  noon.  When  the 
axis  of  this  inftrument  is  elevated  according  to  the  lati- 
tude, and  the  board  fet  level,  with  the  line  HN  in  the 
plane  of  the  meridian,  and  the  end  towards  the  north  ; 
the  axis  EFG  will  ferve  as  a gnomon  or  ftlle,  and 
xaft  a /hadow  on  the  hour  of  the  day  among  the  pa- 


rallel hour  lines,  when  the  fun  fliines  on  the  jnllru^ 
ment.  As  the  plate  AD  at  the  top  is  parallel  to  the 
equator,  and  the  axis  EFG  perpendicular  to  it,  right 
lines  drawn  from  the  centre  to  the  extremities  of  the  pa- 
rallels wall  be  the  hour  lines  of  an  equinoAial  dial,  and 
the  axis  wall  be  the  llile.  An  horizontal  plate  ef  put 
dowm  into  the  tube,  with  lines  drawaa  from  the  centre 
to  the  feveral  parallels,  ciil  ting  its  edge,  wall  be  an  ho- 
rizontal dial  for  the  given  latitude  ; and  a vertical  plate 
gc,  fronting  the  meridian,  and  touching  the  tube  with 
its  edge,  with  lines  drawm  from  its  centie  to  the  pa- 
rallels, will  be  a vertical  fouth  dial : the  axis  of  the  in- 
ftrument ferving  in  both  cafes  for  the  itile  of  the  dial: 
and  if  a plate  be  placed  wathin  the  tube,  fo  as  to  de- 
cline, Incline,  or  recline,  by  any  given  number  of  de- 
grees, and  lines  be  drawm,  as  above,  a declining,  inclin- 
ing,  or  reclining  dial  will  be  formed  for  the  given  lati- 
tude. li  the  axis  wa’th  the  feveral  plates  fixed  to  it 
be  drawm  out  of  the  tube,  aud  fet  up  in  funiliine  in 
the  fame  pofition  as  they  were  in  the  tube,  x\D  will 
be  an  equinoclial  dial,  ef  an  horizontal  dial,  and  gc 
a vertical  fouth  dial  ; and  the  lime  of  the  day  will  be 
fiiewm  by  the  axis  EFG.  If  the  cylinder  were  wood, 
inftead  of  glafs,  and  the  parallel  lines  drawn  uiion  it  in 
tlie  fame  manner,  it  wmuld  ferve  to  facilitate  the  ope- 
ration of  making  tliefe  feveral  dials,  d^he  upper  jilatc 
with  1 ines  drawm  to  the  feveral  interfedlions  ot  the 
parallels,  which  appears  obliquely  in  fig.  2,  would  be 
an  equinocftial  dial  as  in  fig.  and  the  axis  perpendi- 
cular to  it  be  its  ftile.  An  horizontal  dial  for  the  la- 
titude of  the  elevation  of  the  axis  might  be  made,  by 
drawing  out  the  axis  and  cutting  tlie  cylinder,  as  at 
(fgby  parallel  to  the  horizontal  board  li  ; tlie  fedioii 
would  be  elliptic  as  in  fig.  4.  A circle  might  be  de- 
fcribed on  the  centre,  and  lines  drawm  to  the  divifions 
of  the  eilipfe  w'oiild  be  the  hour  lines  ; and  the  wire 
put  in  its  place  again,  as  E,  would  be  the  ftile.  If 
this  cylinder  wmre  cut  by  a plane  perpendicular  to  the 
liorizontal  board  H,  or  to  the  line  8HX,  beginning  at 
g,  the  plane  of  the  feflion  would  be  elliptical  as  in 
fig.  5,  and  lines  drawm  to  the  points  of  interfedtion  of 
the  parallels  on  its  edge  would  be  the  hour  lines  of  a 
vertical  direfi  fouth  dial,  which  might  be  made  of  any 
fhape,  either  circular  or  fquarc,  and  F the  axis  of  the 
cylinder  would  be  its  ftile.  Thus  alfo  inclining,  de- 
clining, or  reclining  dials  miglit  be  cafily  conftrudted, 
for  any  given  latitude.  Eergufon,  ubl  fupra. 

Dialling  GVoAe,  is  an  inilrument  made  of  brafs,  or 
wood,  with  a plane  fitted  to  the  horizon,  and  an  in- 
dex ; particularly  contrived  to  draw  all  forts  of  dials, 
and  to  give  a clear  exhibition  of  the  principles  of  that 
art. 

Dialling  Lines y or  Scales y are  graduated  lines, 
placed  on  rules  or  the  edges  of  quadrants,  and  other  in- 
ftruments,  to  expedite  the  conllriuftion  of  dials.  The 
principal  of  thefe  lines  are,  i.  A fcale  of  fix  hours, 
wdiich  is  only  a double  tangent,,  or  two  lines  of  tan- 
gents each  of  45  degrees,  joined  together  in  the  mid- 
dle, and  equal  to  the  whole  line  of  fines,  wuth  the  de- 
clination fet  againft  the  meridian  altitudes  in  the  lati- 
tude of  London,  fuppofe,  or  any  place  for  wdiich  it  is 
made  ; the  radius  of  which  line  of  fines  is  equal  to  the 
dialling  fcale  of  fix  hours.  2.  A line  of  latitudes, 
which  is  fitted  to  the  hour  fcale,  and  is  made  by  this 
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ctinon  : as  the  radius  is  to  the  chord  of  90  degrees  ; 
fo  are  the  tangents  of  each,  refpedlive  degree  of  the 
line  of  latitudes,  to  the  tangents  of  other  arches  : and 
then  the  natural  fines  of  thofe  arches  are  the  numbers, 
which,  taken  from  a diagonal  fcale  of  equal  parts,  will 
graduate  the  divifions  of  the  line  of  latitude  to  anv  ra~ 

C>  ^ 4 4 • . ' 

dins.  The  line  of  hours  and  latitudes  is  generally  for 
pricking  down  all  dials  with  centres.  For  the  method 
of  con  If  rafting  thefe  fcales,  fee  Scale. 

Dialling  Sphere^  is  an  inftrument  made  of  brafs, 
with  feveral  femicircles  Aiding  over  one  another,  on  a 
moving  horizon,  to  demonftrate  the  nature  of  the  doc- 
trine of  fpherical  triangles,  and  to  give  a true  idea  of 
the  drawing  of  dials  on  all  manner  of  planes. 

DIAMETER,  of  a circle^  is  a right  line  pafTing 
through  the  centre,  and  terminated  at  the  circumfe- 
rence on  both  Tides. 

The  diameter  divides  the  circumference,  and  the  area 
of  the  circle,  into  two  equal  parts.  And  half  the 
diameter,  or  the  femi -diameter,  is  called  the  radius. 

For  the  proportion  between  the  diameter  and  the 
circumference  of  a circle,  lee  Circle  and  Circum- 
ference. 

Diameter  qf  a Conic  SeClon.,  or  Tranfveife  Tj'iametery 
is  a right-line  paffing  through  the  centre  of  the  feftion, 
or  the  middle  of  the  axis. — The  diameter  bifefl s all  or- 
dinates, or  lines  draivn  parallel  to  the  tangent  at  its  ver- 
tex. See  Comic  SeCilons, 

Conjugate  Diameter,  is  a diameter,  in  Conic  Sec- 
tions, parallel  to  the  ordinates  of  another  diameter, 
called  the  tranfverfe  ; or  parallel  to  the  tangent  at  the 
vertex  of  this  otlier. 

Di  A meter,  of  any  Curve,  is  a right  line  which  di- 
vides two  other  parallel  right  lines,  in  fuch  manner 
that,  in  each  of  them,  all  the  feuinents  or  ordinates  on 
one  fide,  between  the  diameter  anddifferent  points  of  the 
curve,  are  equ?d  to  all  thofe  on  the  other  fide.  This  is 
New^ton’s  fenfe  of  a Diameter. 

But,  according  to  fomc,  a diameter  is  that  line, 
whether  right  or  curved,  which  bifedfs  all  the  parallels 
drawn  from  one  point  to  another  of  a curve.  So  that 
in  this  way  every  curve  will  have  a diameter ; aud 
hence  the  curves  of  the  2d  order,  have,  all  of  them, 
either  a right-lined  diameter,  or  elfe  the  curves  of  fome 
one  of  the  conic  feclions  for  diameters.  And  many 
geometrical  curves  of  the  higher  orders,  may  alfo  have 
for  diameters,  curves  of  more  inferior  orders. 

Di  A meter  of  Gravity,  is  a right  line  palling  through 
the  centre  of  gravity. 

Diameter  hi  jflronomy.  The  diameters  of  the 
heavenly  bodies  are  either  apparent,  i.  e.  fuch  as  they 
appear  to  the  eye  ; or  real,  i.  e.  fuch  as  they  are  in 
them.felves. 

The  apparent  diameters  are  bell  meafured  with  a 
micrometer,  and  are  eftimated  by  the  meafure  of  the 
angle  they  fubtend  at  the  eye.  Thefe  are  different  in 
different  circumltances’ and  parts  of  the  orbits,  or  ac- 
cording to  the  various  dillances  of  the  luminary  ; being 
in  the  Inverfe  ratio  of  the  diftance. 

The  finds  vertical  diameter  is  found  by  taking  the 
height  of  the  upper  and  lower  edge  of  his  diA<,  ivhen 
he  is  in  the  meridian,  or  near  it  ; correfling  the  alti- 
tude of  each  edge  on  account  of  refradlion  and  paral- 
lax j then  tJie.  difference  between  the  true  altitudes  of 
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the  two,  is  the  true  apparent  diameter 'fought.  Or  the 
apparent  diameter  may  be  determined  by  obferving, 
with  a good  clock,  the  time  which  the  fun’s  dife  takes 
in  pafling  over  the  meridian  : and  here,  when  the  fun  is 
in  or  near  the  equator,  the  following  proportion  may  be 
ufed  ; viz,  as  the  time  between  the  fun’s  leaving  the  me- 
ridian and  returning  to  it  again,  is  to  360  degrees,  fo  is 
the  time  of  the  fun’s  paffing  over  the  m.eridian,  to  the 
- number  of  minutes  and  feconds  of  a degree  contained  in 
his  apparent  diameter  : but  wffen  the  fun  is  In  a pa- 
rallel at  fome  diftance  from  the  equator,  his  diameter 
meafures  a greater  number  of  minutes  and  feconds  In 
■ that  parallel  than  It  would  do  in  a great  circle,  and  takes 
up  proportionally  more  time  in  paffing  over  the  meri- 
^'dian  ; in  which  cafe  fay,  as  radius  is  to  the  cofine  of 
the  fun’s  declination,  fo  is  the  time  of  the  fun’s  paffing 
the  meridian  reduced  'to  minutes  and  feconds  of  a dve. 
gree,  to  the  arc  of  a great  cifcle  which  meafures  the 
lull’s  apparent  horizontal  diameter.  See  Transit. 

The  fi  in’s  apparent  diameter  may  alfo  be  taken  by 
the  projedllon  of  his  image  in  a dark  room. 

There  are  feveral  ways  of  finding  the  apparent  dia- 
meters of  the  planets : but  the  moil  certain  method  is 
that  with  the  micrometer. 

The  following  is  a table  of  the  apparent  diameters 
of  the  fun  and  planets,  in  different  circumilances,  and  as 
determined  by  different  affronomers. 


Table  of  Apparent  Diameters. 


I . Of  the  Sun,  accord- 


mo  to 

cD 


Arlffarchus  and  7 

Archimedes  J 

Ptoloray 

Albategnius 

Regiomontanus 

Copernicus 

Tycho 

Kepler 

Riccioli 

J.  D.  Caffmi 

Gafeoigne 

Elamffeed 

Mouton 

De  la  Hire 

Douville 

M.  Caflini,  jun. 

Monnier 

Short 


2.  Of  the  M001U 
Ptolomy 

Fveho  t Conjunc. 
^ I in  Oppofit. 
K epier 
De  La  FI  ire 


Newton 


fin  Syzygy 
’ ^in  Qiiadi  at. 


Monnier,  \ fE-ySy  ! 
’ ( in  (Quadrat  [ 


-u 


Greateft 

Mean 

Lead 

t 

II 

r 

// 

/// 

r 

// 

/" 

30 

0 

0 

30 

0 

0 

50 

0 

0 

33 

20 

c 

32 

18 

31 

20 

c 

33 

40 

0 

32 

28 

0 

31 

20 

0 

34 

0 

■0 

32 

27 

0 

31 

0 

0 

33 

34 

0 

32 

44 

0 

31 

40 

0 

32 

0 

0 

3^ 

0 

0 

30 

0 

c 

31 

4 

0 

30 

30 

0 

30 

0 

0 

32 

8 

c 

31 

40 

c 

31 

0 

0 

32 

46 

0 

32 

13 

0 

31 

40 

0 

32 

50 

0 

- 

- 

- 

31 

40 

0 

32 

48 

0 

- 

- 

• 

31 

30 

0 

32 

32 

0 

- 

- 

- 

30 

29 

0 

32 

44 

0 

32 

1 1 

0 

3J 

38 

0 

32 

37 

/ 

32 

4 

36 

31 

32 

50 

32 

37 

32 

5 

0 

31 

32 

3^ 

- 

- 

- 

32 

5 

0 

- 

- 

_ 1 

32 

33 

c 

- 

- 

- 

31 

28 

c 

3? 

c 

* • 

31 

20 

4« 
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28 

48 

c 

- 

- 

- 

25 

36 

0 

3^ 

0 

0 

- 

- 

- 

32 

0 

0 

32 

44 

0 

- 

- 

- 

30 

0 

c 

33 

30 

c 

- 

- 

- 

29 

30 

0 

- 

- 

- 

31 

30 

0 

- 

- 

- 

- 

- 

- 

3 ^ 

3 

0 

- 

- 

* 

33 

29 

c 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3 I 

30 

0 

- 

- 

- 

- 

- 

31 

0 

0 

- 

- 
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Grcateft 

Mean 

Leaft 

3.  Of  Mercury. 

/ u /// 

' //  /// 

/ y/ 

Albategnlus 

- - - 

2 3 ro 

- - _ 

Alfraganus 

- - . 

i 15  12 

_ _ _ 

Tycho 

3‘57  0 

2100 

I 29  0 

Hevelius 

on  0 

060 

040 

Horten  fius 

.028  0 

0190 

010  0 

Riccioli 

0 27  12 

0 13  48 

0 920 

Bradley 

0 10  45 

Monnicr 

- - - 

m m ^ 

010  C 

• 

4.  Of  Denus. 
Albategnius 

3 8 0 

Alfraganus 

I 3+  ° 

Tycho 

4 40  0 

315  0 

152  0 

Hevelius 

I 5 0 

016  0 

090 

Hortenfius 

I 40  0 

0 53  0 

C 15  20 

Kepler 

760 

- - - 

_ _ _ 

Riccioli 

480! 

[ 412 

0 33  3^ 

Huygens 

Flamfteed 

i 1 2 0 

1 25  0 

Horrox 

1 18  30 

Crabtree 

190 

Monnier 

^ 

117  0 

- - 

Tran  fit  of  1761 

- - - 

0580 

- - _ 

Tranfit  of  1769 

_ - _ 

0 39  0 

_ - _ 

5.  Of  Mars. 

Albatcg.  and  Alfrag. 

- - - 

^ 34  0 

- _ _ 

Tycho 

2^60 

1 40  c 

0 57  0 

Hevelius 

0 20  0 

050 

020 

Hortenfius 

I 4 0 

0 36  0 

090 

Kepler 

6 30  0 

. - - 

_ _ _ 

Riccioli 

I 32  0 

022  0 

0106 

Huygens 

0 30  0 

Flamfteed 

0 33  0 

- 

_ - _ 

Monnier 

026  0 

Herfchel,  } 

_ 

02129 

0 22  25 

6.  Of  fupiter. 
Albateg.  and  Alfrag. 

% 

2 36  40 

Tycho 

3 59  0 

2 45  0 

214  0 

Hevelius 

0240 

0180 

014  0 

Hortenfius 

I 1 40 

0 50  0 

0 38  30 

Kepler 

0 50  0 

- - - 

- _ _ 

Riccioli 

I 8 46 

0 49  46 

0 38  18 

Huygens 

- 

- - - 

I 4 0 

Flamfteed 

Newton,  from  1 

0 54  0 

0 37 15 

* Pound’s  Obf.  j 

• 

M ••  •• 

Monnier 

MM* 

0 37  0 

_ - - 

7.  Of  Saturn. 
Albateg  and  Alfrag. 

I 44  28 

•V  M * 

Tycho 

212  0 

I 50  0 

I 34  0 

Hevelius 

0190 

016  0 

014  0 

Hortenfius 

0 42  40 

0370 

0310 

Kepler 

0 30  0 

VOL.I. 


G 

rcatelt 

Mean 

Leaft 

Of  Saturn 

/ 

/J 

/• 

ffz 

/ 

// 

Riccioli 

I 

I 2 

0 

0 

57 

0 

0 

46 

0 

Huygens 

- 

- 

• 

- 

- 

«• 

0 

30 

0 

Flamfteed 

0 

25 

0 

Newton,  from 

Z' 

Pound’s  Obferv.  J 

•• 

•• 

0 

ID 

0 

Monnier 

0 

16 

0 

Huygens,  ’s  Ring 

a 

r 

4 

0 

1 

8 

0 

Newton,  from  1 

Pound’s  Obf.  J 

• 

- 

0 

40 

0 

- 

- 

- 

^lonnier 

- 

- 

- 

0 

42 

0 

- 

- 

- 

8.  New  Planet. 

Herfchel 

- 

- 

- 

0 

3 

54 

- 

- 

- 

The  Mean  Apparent  diameters  of  the  planets,  as 
fe’en  from  the  fun,  are  as  follow  ; 

Mercury,  Venus,  Earth,  Moon,  Mars,  Jup.  Sat.  Herfch. 

2o"  . 30"  17''  6''  I T'  37"  16''  4'' 

For  the  true  diameters  of  tlieTun  and  planets,  and 
their  proportions  to  each  other,  fee  Planets,  Semi- 
diameter, and  Solar  System. 

Diameter  o/* a Column^  is  its  thicknefs  juft  above  the 
bafe.  From  this  the  module  is  taken,  which  meafures 
all  the  other  parts  of  the  column. 

Diameter  of  the  Diminution^  is  that  taken  at  the 
top  of  the  ftiaft. 

Diameter  of  the  S welling y is  that  taken  at  the 
height  of  one  third  from  the  bafe. 

DIAPASON,  a mufical  interval,  otherwife  called 
an  odtave,  or  eighth ; fo  called  becaufe  it  contains  all  the 
poffible  diverfities  of  found. 

If  the  lengths  of  two  firings  be  to  each  other  as  i to 
2,  the  tenfions  being  equal,  their  tones  will  produce  an 
oclave. 

DIAPENTE,  is  the  pcrfedl  fifth  or  fecond  of  the 
concords,  making  an  odlave  with  the  DiatelTaron.  The 
lengths  of  the  chords  are  as  3 to  2. 

DIAPHONOUS  Body  or  Medium,  one  that  is 
tranflucent,  or  through  which  the  rays  of  light  eafily 
pafs  ; as  water,  air,  glafs,  talc,  fine  porcelain,  &;c.  See 
Transparency. 

DIAPFIONICS,  is  fometimes  ufed  for  the  fcience 
of  refradled  found,  as  it  pafles  through  different  me- 
diums. 

DIASTYLE,  a fort  of  edifice,  in  which  the  pillars 
ftand  at  fuch  a diftance  from  one  another,  that  three 
diameters  of  their  thicknefs  are  allowed  for  the  inter- 
columnation. 

DIATESSARON,  is  the  perfedl  fourth  ; or  a mufi- 
cal  interval,  confifling  of  one  greater  tone,  one  leffer,  an(f 
one  greater  femltone.  The  lengths  of  firings  to  found 
the  diateffaron,  are  as  3 to  4. 

DIATONIC,  a term  fignlfylng  the  ordinary  fort 
of  mufic,  which  proceeds  by  tones  or  degrees,  both 
afeending  and  defeending.  It  contains  or  admits  only 
the  greater  and  leffer  tone,  and  the  greater  femitone* 

DIESIS,  a divifion  of  a tone,  lefs  than  a femitone  ; 
or  an  interval  confifling  of  a leffer,  or  imperfedl  femi- 
tone. The  Diefis  is  the  fmalleft  and  foftell  change,  or 
3 C inflexion 
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inflexion,  of  the  voice  imaginable.  It  is  alfo  called  a 
feint y and  is  exprelTed  by  a St.  Andiew’s  Crofs,  or  fal- 
tier, 

DIFFERENCE,  is  the  cxcefs  by  which  one  mag- 
nitude or  quantity  exceeds  another.  When  a lefs 
quantity  is  fubtra6ted  from  a greater,  the  remainder  is 
otherwife  called  difference. 

Difference.  See  Ascensional. 

Di  FFERENCE  of  Longitude^  of  two  places,  is  an  arch 
of  the  equator  contained  between  the  meridians  of 
thofe  two  places,  or  the  meafure  of  the  angle  formed 
by  their  m.eridians. 

DIFFERENTIAL,  an  indefinitely  fmall  quantity, 
part,  or  difference.  By  fome,  the  Differential  is  con- 
fidered  as  infinitely  fmall,  or  lefs  than  any  aflignable 
quantity  ; and  alfo  as  of  the  fame  import  as  fluxion. 

It  is  called  a Differential,  or  Differential  Quantity, 
becaufe  often  confidered  as  the  difference  between  two 
quantities  ; and  as  fuch  it  is  the  foundation  of  the  Dif- 
ferential Calculus.  Newton  ufed  the  term  moment  in 
a like  fenfe,  as  being  the  momentary  increafe  or  de- 
creafe  of  a variable  quantity.  M.  Leibnitz  and  others 
call  it  alfo  an  infinitelimal. 

Differe  NTiAL  of  the  \Jly  2dy  3.'/,  degree^  See 
D'lff'erentlo-T)  ifferential. 

Diff  ERENTiAL  ColcidiiSy  or  Method,  is  a method  of 
differencing  quantities.  See  Differential  Method, 
Calculus,  and  Fluxions. 

Differentio Differential  Calculus,  Isa  method 
of  differencing  differential  quantities. 

As  the  fign  of  a differential  Is  the  letter  d prefixed 
to  the  quantity,  as  dx  the  differential  of  jc ; fo  that  of 
a differential  of  dx  Is  ddx,  and  the  differential  of  ddx  Is 
tiddx,  &c  ; fimllar  to  the  fluxions  x,  x,  jc,  &c. 

Thus  we  have  degrees  of  differentials.  The  diffe- 
rential of  an  ordinary  quantity,  is  a differential  of  the 
firff  order  or  degree,  as  dx  ; that  of  the  2d  degree  Is 
ddx  ; that  of  the  3d  degree,  dddx,  See.  The  rules  for 
differentials,  are  the  very  fame  as  thofe  for  fluxions. 
See  Flit XI ON  s. 

Differential,  in  Logarithms.  Kepler  calls  the 
logarithms  of  tangents,  differeniiales  ; which  we  ufually 
I' all  ariijicial  tangents. 

Differential  Equation,  is  an  equation  Involving 
or  containing  differential  quantities  ; as  the  equation 
'^K'^dx  — laxdx  -]-  aydx  T axdy  ~ o.  Some  mathema- 
ticians, as  Stirling,  &c,  have  alfo  applied  the  term  dif- 
ferential equation  in  another  fenfe,  to  certafn  equations 
defining  the  nature  of  feries. 

Di  fferential  Method,  a method  of  finding  quan- 
tities by  means  of  their  fUecefilve  differences. 

This  method  is  of  wry  general  ufe  and  application, 
but  efpecially  in  the  conffrudlion  of  tables,  and  the 
fummation  of  feries,  &c.  This  method  was  firff  ufed, 
and  the  rules  of  it  laid  down,  by  Briggs,  In  his  Con- 
ffruAIon  of  Logarithms  and  othei'  Numbers,  much  the 
fame  as  they  were  afterwards  tauglit  by  Cotes,  in  his 
ConffruAio  Tabularum  per  Differentias  ;•  as  I have 
fhewn  in  the  IntroduAIon  to  my  Logs.  pa.  69  & feq. 
See  Briggs’s  Arithmetica  Logarlthmica,  cap.  12  and 
13,  and  his  Trlgonometria  Britannica. 

The  method  was  next  treated  in  another  form  by 
Newton  in  theyth  Lemma  of  the  3d  book  of  his  Prin- 
t’ipia,  and  in  his  Methodus  Differentialis,  publifked 
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by  Jones  in  1711,  with  the  other  trafls  of  Nevvtoiie^ 
This  author  here  treats  it  as  a method  of  deferib- 
ing  a curve  of  the  parabolic  kind,  through  any  given 
number  of  points.  He  dlffinguiflies  two  cafes  of  this 
problem  ; the  firff,  when  the  ordinates  drawn  from  the 
given  points  to  any  line  given  in  pofition,  are  at  equal 
diffances  from  one  another  ; and  the  2d,  when  thefe 
ordinates  are  not  at  equal  diffances.  He  has  given  a 
folution  of  both  cafes,  at  firff  without  demonftration,, 
which  was  afterwards  fupplied  by  himfelf  and  others  : 
fee  his  Methodus  Differentialis  above  mentioned  ; and 
Stirling’s  Explanation  of  the  Newtonian  Differential 
Method,  In  the  Philo f.  Tranf.  N^  362 ; Cotes,  De  Me- 
thodo  Differentiali  Newtoniana,  publifhed  with  his 
Llarmonia  Menfurarum  ; Herman’s  Phoronomia  ; and 
Le  Seur  & Jacquier,  in  their  Commentary  on  Newton’s 
Principia.  It  may  be  obferved,  thaf  the  methods  there 
demonttrated  by  fome  of  thefe  authors  extend  to  the 
defeription  of  any  algebraic  curve  through  a given 
number  of  points,  which  Newton,  writing  to  Leibnitz^ 
mentions  as  a problem  of  the  greateff  ufe. 

By  this  method,  fome  terms  of  a feries  being  given,, 
and  conceived  as  placed  at  given  interrals,  any  inter- 
mediate term  may  be  found  nearly  ; which  therefore 
gives  a method  for  Interpolations.  Briggs’s  Arith.  Log. 
ubi  fupra;  Newton  Meth.  Differ,  prop.  5 ; Stirling, 
Methodus  Differentialis. 

Thus  alfo  may  any  curvilinear  figure  be  fquared 
nearly,  having  fome  few  of  Its  ordinates.  Newlon, 
ibid,  prop  6 ; Cotes  De  Method.  Differ.  ; Simpfon’s 
Mathematical  Differt.  pa.  1 15.  And  thus  may  mathe- 
matical tables  be  conffruAed  by  interpolation:  Briggs, 
ibid.  Cotes  Canonotechnia. 

The  fucceffive  differences  of  the  ordinates  of  para- 
bolic curves,  becoming  ultimately  equal,,  and  the  inter- 
mediate ordinate  required,  being  determined  by  thefe 
differences  of  the  ordinates,  is  the  reafon  for  the  name 
Differential  Method. 

To  be  a little  more  particular. — The  firff-  cafe  of 
Newton’s  problem  amounts  to  this  : A feries  of  num- 
bers, placed  at  equal  inteiw'uls,  being  given,  to  find  any 
intermediate  number  of  that  feiues,  when  its  interval  or 

diffance  from  the  firff  term  of  the  feries  is  given. 

SubtraA  each  term  of  the  feries  from  the  next  follow- 
ing term,  and  call  the  remainders  firff  differences,  them 
fubtradl  in  like  manner  each  of  thefe  differences  from 
the  next  following  one,  calling  thefe  remainders  2d  dif- 
ferences ; again,  fubtradt  each  2d  difference  from  the 
next  following,  for  the  3d  differences;  and  fo  ont  then 
if  A be  the  i ff  term  of  the  feries, 
d'  the  firff  of  the  iff  differences, 
d"  the  firff  of  the  2d  differences, 
d'"  the  firff  of  the  3d  differences,  &c  p 
and  if  x be  the  interval  or  diffance  between-  the  firff 
term  of  the  feries  and  any  term  fought,  T,  that  is,  let 
the  number  of  terms  from  A to  T,  both  included,  be 
= + I ; then  wall  the  term  fought,  T,  be  = 

X "-1  X — 2 
— . -d'"  &c. 

23 

Hence,  if  the  differences  of  any  order  become  equal, 
that  is,  if  any  of  the  diffs.  d" , d't.  Sec,  become  = o, 
the  above  feries  will  give  a finite  exprefiion  for  T the 
term  fought ; it  being  evident,  that  the  feries  muff  ter- 
minate when  any  of  the  diffs.  d",  d”',  &c,  become  =:o. 

ll 


* X XX  — I X 

I 12  I 


/ 


DIF  ^ [ 379  J 


DIG 


X X X— I 


It  IS  alio  evident  that  the  co- efficients  - . 

I I 2 

kCi  of  the  differences,  are  the  fame  as  to  the  terms  of 
the  binomial  theorem. 

For  ex.  vSuppefe  it  were  required  to  find  the  log. 
tangent  of  5'  or  5'  i" or  5'  i"-2g66 

^:c. 

Take  out  the  log.  tangents  to  feveral  minutes  and 
feconds,  and  take  their  iirft  and  fecond  differences,  as 
below  : 


5'  o" 
5'  I 
5-  2 
5 3 


Tang, 

7-1626964 

7-1641417 

7*1655821 

7-1670178 


d' 

H453 

14404 

H357 


d" 

^49 1 


47  3-^'^ 


; d' 1=1 44c  4; 


' Here  A = 7-1641417  ; . 

and  the  mean  id  diiference  d"  ~ —48.  Hence 

A G * 1 64 ij- 1 7 

xd' ' 


.'<r  x—i 


F 


29  / 7 

JL 


Theref.  the  tang,  of  5'  i 12'^'  24""  is  7-1645398 


/ Hence  may  be  deduced  a rcxethod  of  finding  the  fums 
of  the  teriT.s  of  fuch  a feries,  calling  its  terms  A,  B, 
C,  D,  die.  her,  conceive  a new  fencs  having  its  ilb 
term  ™ o,  its  idruA,  its  3d=rA4-B,  its  4th  = 
A + B -f  C,  its  ylh  ~ A 4-  B 4-  C A 1),  and  fo  on  ; 
then  it  is  plain  that  affigning  one  term  of  this  feries,  is 
finding  the  fum  of  all  the  terms  A,  B,  C,  D,  &c. 
Now  fince  thefe  term.s  are  the  differences  of  the  fums, 
o.  A,  A + B,  AAB  4-C,  3:c  ; and  as  fome  of  the  dif- 
ferences of  iA,  B,  C,  &c,  are  =r  o by  fuppofition  ; it 
follows  that  fome  of  the  differences  of  the  fums  will  be 

I 

^ • A*  A V I 

— O;  and  fince  in  the  feries  A 4 d' -{ . d^f 

I I 2 

^'C,  by  which  a tcim  was  afllgned,  A reprefented  the 
iff  term  ; d the  ill  of  the  ill  differences,  and  x the 
interval  between  the  firfi  term  and  the  lail  ; we  are  to 
wnte  o inftead  of  A,  A inflead  of  d' , d'  inllead  of  d" , 
d"  inflead  of  d"\  &c,  alfo  .v  4-  i inllead  of  .y  ; which 
being  done,  the  feries  expreffing  the  fums  will  be 

.*  A , ^ 1,  .v4-i  X Y~I  , 

o 4- x\  4-  . 4-  . - . t/A  ."cc. 
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Or,  if  the  real  numiber  of  terms  of  the  lines  be  called 
sr,  that  is,  if  2 — jc  4*  ij  or  a.'  ~ z — i,  the  fum  of  the 

feries  will  be  Az  4-  — 


21  — T rr  rv  T 
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d:c.  See  De  Moi  vre’s  Dodl.  of  Cliances,  pa.  59,  60  ; 
or  his  Mifcd.  Analyt.  pa.  153  ; or  Simpfoids  Efl'avs, 
pa.  95. 

i or  ex.  to  find  the  fum  of  fix  terms  of  the  feries  of 

fquares  i 4*  4 d'  9 d*  1 6 4-  25  4-  36,  of  the  natural  num- 
bers. 


Terms 

• I 

4 

9 

16 

25 


d'  d"  d" 


3 

5 

7 

9 


2 

2 

2 


o 

o 


Here  Arre  I,  d =3,  d'' ■=■  If  d '"  d:c  rir  o,  and 
« = 6 ; therefore  the  fum  is  6 4-  f- . | . 3 4-  | | . 2 

~ 6 A 45  A 40  = 91  the  fum  required,  viz.  of 
I A 4 A 9 A 16  4-  25  A 36. 

A variety  of  examples  may  be  feen  in  the  places 
above  cited,  or  in  Stirling’s  Methodus  Hiffereiitialis, 
&c. 

As  to  the  Differential  method,  it  may  be  obfer/ed, 
that  though  Newton  and  fome  others  have  treated  it 
a method  ot  deferibing  an  algebraic  curve,  at  lead  of 
the  parabolic  kind,  through  any  number  of  given 
points  ; yet  the  conlideration  of  curves  is  not  at  all  el- 
ientia.l  to  it,  though  it  may  help  the  imagination.  The 
defeription  ot  a parabolic  curve  through  given  points, 
is  the  lame  problem  as  the  finding  of  quantities  from 
their  given  difference?,  which  may  aD  ays  be  done  by 
Algebra,  by  tlie  refolution  of  fimple  equations.  tSee 
Stirling’s  Method.  Differ,  pa.  97.  TL’his  ingenious 
author  has  treated  very  fully  of  the  differential  method, 
and  ihtwn  its  ufe  in  the  iolution  of  fome  very  difficult 
problems.  See  alio  Series. 

Differential  dcalef  in  Algebra,  is  ufed  for  tlie 
Icale  of  relation  luotraeded  from  unitv.  Sec  Recurring 
Series. 

DIb  b RACd  ION,  a term  firll  ufed  by  Grimaldi, 
to  denote  that  property  of  the  rays  of  light,  which 
others  have  called  Infledlion  ; the  difeovery  of  whicli 
is  attributed  by  iome  to  Grimaldi,  and  by  others  to 
Dr.  Hook.  ^ 

DIGBY  (xS'/V  Kenelm),  a famous  Englilh  philo- 
fopher,  was  born  at  Gothurll  in  Buckinghamfliire, 
1603.  was  defeended  of  an  ancient  family  ; his 
great  grandfather,  with  lix  of  his  brothers,  fought  va- 
liantly at  Bofworth-field  on  the  fide  of  Henry  the  7th, 
againil  Richard  the  3d.  His  father,  Kverard,  engaged 
in  the  gunpowder  plot  againfl  James  the  ifl,  for  which 
he  was  beheaded.  His  fon,  however,  was  reflored  t<j 
his  eilate  ; and  had  afterwards  leveral  appointments 
under  king  Charles  the  ifl.  He  granted  liim  letters 
of  reprifal  againil  the  Venetians,  from  whom  he  took 
feveral  prizes  with  a fmall  fleet  which  he  commanded. 
He  fought  the  Venetians  near  the  port  of  Scanderoon, 
and  bravely  made  his  way  through  them  with  hib 
booty. 

In  the  beginning  of  the  civil  wars,  he  exerted  him- 
felf  greatly  in  the  king’s  caufe.  He  was  afterwards 
impriloned,  by  order  of  the  parliament  ; but  was  fet  at 
liberty  in  1643.  He  afterward  compounded  for  his 
ellate  ; but  being  baniffied  from  England,  he  retired  to 
b ranee,  and  was  lent  on  two  embaffies  to  Pope  Inno- 
cent the  loth,  from  the  queen,  widow  to  Cliarles  the 
ifl,  whofe  chancellor  he  then  was.  On  the  refloration 
of  Charles  the  2d,  he  returned  to  Londou  ; where  he 
died  in  1665,  ^2  years  of  age. 

- Digby  was  a great  lover  of  learning,  and  tranflated 
feveral  authors  into  Englilh,  as  well  as  publillied  feveral 
works  of  his  own  ; as,  i.  Olfervations  upon  Dr.  BroivFs 
Red  gw  Media,  1643. — 2.  Glfcr'vatlons  on  part  of  Spen- 
ftFs  Fairy  ^een,  1644,-3.  f Treat  fe  cf  the  Nature 
oj  Bodies,  1644*  4*  Treatlfe  declaring  the  Operations 

and  Nature  of  Man  s Soul,  out  op'  ^>hich  the  Immortalitx 
6f  re af enable' fculs  is  evinced : works  that  difeover  p-rea't 
penetration  and  extenllve  knowledge.  * 

He  applied  much  to  chemiltrv  ; and  found  out  feve- 
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ral  ufeful  medicines,  which  he  diftribnted  with  a liberal 
hand.  He  particularly  diftinguifhed  himfelf  by  his 
fyrnpathetic  powder  for  the  cure  of  wounds  at  a dif- 
tance;  his  diicourfe  concerning  which  made  great  noife 
for  a while.  He  held  feveral  conferences  with  Des 
Cartes,  about  the  nature  of  the  foul,  and  the  principles 
of  things.  At  the  beginning  of  the  Royal  Society,  he 
became  a diilinguilhed  member,  being  one  of  the  firil 
council.  And  he  had  at  his  own  houfe  regular  levees 
or  meetings  of  learned  men,  to  improve  themfelves  in 
knowledge,  by  converfing  with  one  another. 

This  eminent  perlon  was,  for  the  early  pregnancy  of 
his  talepts,  and  his  great  proficiency  in  learning,  com- 
pared to  the  celebrated  Picus  de  Mirandola,  who  wms 
one  of  the  wonders  of  human  nature.  Yet  his  know- 
ledge, though  various  and  extenfive,  probably  appeared 
greater  than  it  really  was  ; as  he  had  all  the  po^vers  of 
elocution  and  addrefs  to  recommend  it.  He  knew  how 
to  ilrine  in  a circle,  either  of  ladies  or  philofophers  ; and 
was  as  much  attended  to  when  he  fpoke  on  the  moll 
trivial  fubjeffs,  as  when  he  fpoke  on  the  moft  important. 
It  has  been  faid  that  one  of  the  princes  of  Italy,  who 
had  no  child,  w^as  defirous  that  his  princefs  fhould  bring 
him  a fon  by  Sir  Kenelm,  wTom  he  efteemed  a juft 
model  of  perfection. 

DIGGES  (L  eonard),  a confiderable  mathemati- 
cian in  the  i6th  century,  was  defeended  from  an  an- 
cient family,  and  born  at  Higges-court  in  the  parifh  of 
Barham  in  Kent ; but  in  wdiat  year  is  not  known  ; and 
died  about  the  year  1574.  He  was  educated  for  fome 
time  at  Oxford,  where  he  laid  a good  foundation  of 
learning.  ' Retiring  from  thence,  he  profecuted  his 
/Indies,  and  became  an  excellent  mathematician,  a flcil- 
ful  architefl,  and  an  expert  furveyor  of  land,  &c.  He 
compofed  feveral  books;  as,  \ . ’TeBoniciim. : hr'iejiy 
Jhc^wing  the  exaEi  JVIeafiirhig,  and  fpeedy  Reckoning  of  all 
manner  of  Rands ^ Squares,^  Rimher^  Stones,  Steeples,  iR c ; 
1556,  4to.  Augmented  and  publillied  again  by  his  fon 
Thomas  Digges,  in  1592  ; and  alfo  reprinted  in  1647. 

^ — 2 . u4  Geometrical  P radical  7 realife,  named  Pantornc- 
iria,  In  three  hooks.  This  he  left  in  manufeript ; but 
after  his  death,  his  fon  fupplied  inch  parts  of  it  as  \vere 
obfeure  and  imperfedt,  and  publifhed  it  in  1791,  folio  ; 
iubjoining,  A Hifeourfe  G-eometrical  of  the  five  re- 
gular and  Platonic  bodies,  containing  fundry  theoretical 
and  pradlical  propofitions,  arifing  by  mutual  conference 
of  thefe  folids,  Infcription,  Circumfeription,  andTranf- 
formation.” — 3.  PrognefticaLion  Everlafing  of  right  good 
effd  : or  Choice  Rules  to  'judge  the  JVeather  by  the  Sun, 
Moon,  and  Stars,  itfe  j in  410.  1555,  1556,  and  1764: 
corredled  and  augmented  by  his  fon,  with  divers  general 
tables,  and  miany  compendious  rules,  in  4to,  1592. 

DIGGES,  (Th  OMAs),  only  fon  of  Leonard  Digges, 
after  a liberal  education  from  his  tendereft  years,  went 
and  ftudied  for  fome  time  at  Oxford  ; and  by  the  im- 
provements he  made  there,  and  the  iubfequent  inftriic- 
tions  of  his  learned  father,  became  one  of  the  heft  ma- 
thematicians of  his  age.  When  queen  Elizabeth  fent 
fome  forces  to  affift  the  oppreffed  inhabitants  of  the 
Netherlands,  Mr.  Digges  was  appointed  mufter-mafter 
general  of  them  ; by  which-  he  became  wHl  fldlled  in 
militaiy  affairs  ; as  his  writings  afterward  fhewed.  He 
died  in  i 795. 

Mr.  Digges,  befide  revifing,  corredfing)  and  enlarg- 
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ing  fome  pieces  of  his  father’s,  already  mentioned,  wrote 
and  publiihed  the  follcwing  learned  works  himielf : viz, 
I.  RU  fve  Sc  ala  Mathematics  : or  Mathematical  IV mgs 
or  Ladders,  I573>  4^0*  A book  which  contains  fevc- 
ral  demonflrations  for  finding  the  parallaxes  of  any  co- 
met, or  other  celeilial  body,  with  a conetlion  61  the 
errors  in  the  ufe  of  the  radius  aftronomicus. — 2,  An 
Arithmetical  Military  Rreatife,  containing  fo  much  of 
Arithmetic  as  is  necejjary  towards  military  difcipline,  I579» 
4to. — 3.  A Geometrical  1 reatife,  named  Stratioticos,  ra* 

. quiftte  j'or  the  perfedion  of  Soldiers,  1579,  4to.  This 
wnis  begun  by  his  father,  but  finifned  by  himfelf.  They 
were  both  reprinted  together  in  1590,  with  feveral  ad- 
ditions and  amendments,  under  this  title  : “ An  Arith- 
metical Warlike  Treatife,  named  Stratioticos,  compen- 
dioully  teaching  the  fcience  of  Numbers,  as  well  in 
Fradfions  as  Integers,  and  fo  much  of  the  Rules  and 
Equations  Algebraical,  and.  art  of  Numbers  Coflical,. 
as  are  requifite  for  the  profeffion  of  a fouldier.  To- 
gether with  the  Moderiie  militaire  difcipline,  offices, 

* lawes,  and  orders  in  every  well-governed  campe  and 
arrnie,  inviolably  to  be  obferved.”  At  the  end  of  this 
work  there  are  two  pieces  ; the  firft,  “ A briefe  and  true 
report  of  the  proceedings  of  the  Earle  of  Leycefter, 
for  the  reliefe  of  the  towne  of  S‘luce,  from  his  arrival  at 
Vlifiiing,  about  the  end  of  June  1587,  untill  the  fiirren- 
drie  tliereof  26  Julii  next  enfuing.  Whereby  it  fhall 
plainelie  appear,  his  excellencie  was  not  in'  aiiie  fault  for 
the  Ioffe  of  that  towne  the  fecond,  A briefe  dif- 
courfe  what  orders  were  heft  for  repulfing  of  foraine 
forces,  if  at  any  time  they  fhould  invade  us  by  fea  in 
Kent,  or  eliewhere.” — 4.  A peyfed  Defeription  of  the  Ce- 
lefial  Orbs,  according  to  the  mofl  ancient  clodrine  of  the  Py* 
thagoreans , Gdc.  This  was  placed  at  the  end  of  his 
father’s  Prognoftication  Everlafting,  &c.”  printed  in 
1592,  4to. — 5.  A humble  Motive  for  AJfociation  to  niain^ 
tain  the  religion  efahlijlsed,  1601,  8vo.  To  which  is  addr 
ed,  his  Letter  to  the  fcmie  purpofe  fo  the  archbifsops  and 
hifhops  of  England. — 6.  England’s  Defence  : or,  A Lrea- 
tife  concerning  Invafon.  'I'liis  is  a tradf  of  the  fame  na- 
ture with  that  printed  at  the  end  of  his  Stratioticos,. 
and  called,  A briefe  Difeourfe,  &c.  It  was  written  in 
1599,  but  not  publifiied  till  1686. — 7.  A.  Letter  printed 
hejore  Dr.  fohn  Dee’s  P arcdlatica  Comment ationis  prax-^ 
eofque  nucleus  quidani,  1573)  4to.- — Befide  thefe,  and  his 
Nova  Corpora,  he  left  feveral  mathematical  treatife^ 
ready  for  the  prefs  ; which,  by  reafon  of  lawfuits  and, 
other  avocations,  he  was  hindered  from  publifning. 

If  our  author  Was  great  in  himfelf,  he  was  not  lefs  fa 
in  his  fon,  Sir  Dudley  Digges,  fo  celebrated  as  a poli- 
tician and  elegant  writer. 

DIGIl',  in  Arithmetic,  one  of  the  ten  charaffers, 
o,  1,2,  3,  4,  5,  6,  7,  8,  9,  by  means  of  which  all  num- 
bers are  expreffed. 

Dicrr,  in  Aftronomy,  is  the  meafure  by  which  the 
part  of  the  luminaries  in  eclipfes  is  eftimated,  being  the 
1 2th  part  of  the  diameter  of  the  luminary.  Thus,  an 
eclipfe  is  faid  to  be  of  10  digits,  when  10  parts  out  of 
12  of  the  diameter  are  in  the  eclipfed  part ; when  the 
whole  of  the  luminary  is  juft  all  covered,  the  digits 
eclipfed  are  juft  12  ; and  when  the  luminary  is  more 
than  covered,  as  often  happens  in  lunar  eclipfes,  then 
more  than  12  digits  are  faid  to  be  eclipfed  ; Thus,  if 
the  diameter  or  breadth  of  the  eartii’s  lhadow,  where 
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t^ie  moon  pafTes  through,  be  equal  to  one  diameter  and 
a half  of  the  moon,  then  18®  or  digits  are  faid  to  be 
eclipfed. 

Thefe  digits  are  by  Wolfius,  and  fome  others,  called 
digiti  ecllptict. 

D I GIT  is  alfo  a meafure  taken  from  the  breadth  of 
the  finger  ; being  eftimated  at  3-4ths  of  an  inch,  and 
equal  to  4 grains  of  barley,  laid  breadth-ways,  fo  as  to 
touch  each  other. 

DILATATION,  a motion  of  the  parts  of  a body 
by  which  it  expands,  or  opens  itielf,  lo  as  to  occupy  a 
greater  fpace. 

hiciiiy  authors  confound  dilatation  with  rarefaction  ; 
but  the  more  accurate  writers  diilinguifli  between 
them  ; defining  dilatation  as  the  exp  infion  of  a body 
into  a greater  bulk,  by  its  own  elaltic  power  ; and  ra- 
refaCtion,  the  like  expanfion  produced  by  means  of 
heat. 

The  moderns  have  obferved,  that  bodies  which,  after 
being  comprefied,  and  again  left  at  liberty,  reftcre 
thcmlelves  perfectly,  do  endeavour  to  dilate  themfelves 
\\  ith  the  kime  force  by  which  they  are  ccmprefTed  ; 
and  accordingly  they  fudain  a force,  and  raife  a 
weight  equal  to  that  with  which  they  are  compreiTed. 

Again,  bodies,  in  dilating  by  their  eladic  power, 
exert  a greater  force  at  the  beginning  of  their  dilatation, 
than  towards  the  end  ; as  being  at  firll  more  compref- 
fed  ; and  the  greater  the  comprtfTion,  the  greater  the 
elaftic  power  and  endeavour  to  dilate.  So  that  thefe 
three,  the  comprefiing  power,  the  comprelTion,  and  the 
elaftic  power,  are  always  equal. 

Finally,  the  motion  by  which  comprcffed  bodies  re- 
Ilore  themfelves,  is  ufually  accelerated  : thus,  when 
comprelfed  air  begins  to  reftore  itfelf,  and  dilate  into 
a greater  fpace,  it  is  ftill  compreffed  ; and  coniequent- 
ly  a new  impetus  is  ftill  impreiftd  upon  it,  from  the  di- 
latative  caufe  ; and  the  former  remaining,  with  the  in- 
creafe  of  the  caiile,  the  effeef , tliat  is  tlie  motion  and 
velocity,  muft  be  increafed  likewife.  Indeed  it  may 
happen,  that  wliere  the  compreFion  is  only  partial,  the 
motion  of  dilatation  ftnill  not  be  accelerated,  but  re- 
tarded ; as  is  evident  in  the  compreffion  of  a fpunge, 
foft  bread,  gauze,  &r. 

DILLTE.  To  diliite  a body,  is  to  render  it  liquid  ; 
or,  if  it  were  liquid  before,  to  render  it  more  fo,  by  the 
addition  of  a thinner  to  it. 

DIME!, SION,  the  extenfion  of  a body,  confidered 
as  m.eafiirable.  Hence,  as  we  conceive  a liody  extend- 
ed, and  meafiirable  in  length,  breadth,  and  depth.,  di- 
menfion  is  confidered  as  thieefold,  viz,  length,  breadth, 
and  thicknefs.  So  a line  has  one  dimanfion  only,  viz 
length  ; a fiiperficies  two,  length  and  breadth  ; and  a 
body  or  foiid  has  three,  viz,  length,  breadth,  and  thick' 
nefs. 

Dimension  is  alfo  particularly  iifcd  with  regard  to 
the  powers  of  quantities  in  equations.  Thus,  in  a 
fimple  equation,  x — a h,  the  unknown  quantity  is 
only  of  one  dimienfion  ; in  a quadratic  equation, 

=:  -f-  it  is  of  two  dimenfions  ; in  a cubic, 

.\'3  = a'^  it  is  of  three  dimenfions  ; and  fo  on. 

DIMETIENT,  has  fometimes  been  ufed  for  dia- 
meter. 

DIMINISFIED  Angle-,  a term  in  Fortification.  Sec 
Angle. 


DIMINUTION,  in  Mufic,  is  the  abating  fomc- 
thing  of  the  full  value  or  quantity  of  any  note. 

Diminution,  in  Architecture,  is  a contradllon  of 
the  upper  part  of  a column,  by  which  its  diameter  is« 
made  lefs  than  that  of  the  lower  part. 

DINOCRATES,  a celebrated  ancient  architeCI  of 
Macedonia,  of  whom  feveral  extraordinary  things  are 
related.  He  w^as  taken,  by  Alexander  the  Great,  into 
Egypt,  where  he  employed  him  in  marking  out  and 
building  the  city  of  Alexandria.  He  formed  a defign, 
in  which  Mount  Athos  Avas  to  be  laid  out  into  the 
form  of  a man,  in  whole  left  hand  were  defigned  the 
walls  of  a grreat  city,  and  all  the  ri  vers  of  the  mount  flow- 
ing  into  his  right,  and  from  thence  into  the  fea.  An- 
other memorable  inftance  of  Dinocrates’s  architeCtonic 
fKill,  is  his  reftoring  and  building,  in  a more  auguft  and 
magnificent  manner  than  before,  the  celebrated  temple 
of  Diana  at  Ephefus,  after  Heroftratiis,  for  the  fake  of 
imm.ortalizing  his  name,  had  deftroyedit  by  fire.  A third 
inftance,  more  extraordinary  and  wonderful  than  either 
of  the  former,  is  related  by  Pliny  in  his  Natural  Flifto- 
ry  ; who  fays  he  had  form.ed  a Icheme,  by  building  the 
dome  of  the  temple  of  Arfinoe  at  Alexandria  of 
loadftonc,  to  make  her  image  all  of  i.’on  to  hang  in  the 
middle  of  it,  as  if  it  w^ere  in  the  air  ; but  the  king’s 
death,  and  his  own,  prevented  the  execution  or  attempt 
of  this  project. 

DIONYSIUS,  the  PenegeUc.,7m  ancient  geographer 
and  poet.  Pliny  ftiys,  he  was  a native  of  the  Perfian 
Alexandiia,  afterwards  called  Antioch,  and  at  laft  Char- 
rax  ; that  lie  was  fent  by  Auguft  us,  to  furvey  the  eaft- 
era  part  of  the  world.  Dionvfiur.  wrote  a great  num- 
ber of  pieces,  enumerated  by  Suidas  and  his  commen- 
tator Euftathius  ; but  his  Per'icgef’s,  or  Survey  of  tBe 
IPorld,  is  the  only  one  now  extant  ; which  may  be 
well  efteemed  one  of  the  moft  exaCI  fyftems  of  an- 
cient geography,  fince  Pliny  himfelf  propoied  it  as  his 
pattern. 

DIONYSIAN,  or  Victorian  Period,  See  Period.. 

DIOPHANTUS,  a celebrated  mathematician  of 
Alexandria,  who  has  been  reputed  to  be  tlie  inventox" 
of  Algebra  ; at  lead  his  is  t;lie  earlieft  work  extant  on 
that  fciencc.  It  is  not  certain  when  Diophantus  lived. 
Some  liavc  placed  him  before  Chrift,  anti  fome  after,, 
in  the  reihrns  of  Nero  and  the  Antonincs  ; but  all  witli 
equal  uncertainty.  It  feems  he  is  l/ie  fame  Dioplian- 
tus  who  wrote  tlie  Canon  A iirononucus which  Suidas 
fays  was  commented  on  by  the  celebrated  Hypatia, 
daughter  of  Theon  of  Alexandria.'  His  repucatioii 
muft  have  been  verv  high  among  the  ancients,  fince 
they  ranked  h.im  with  Pythayoras  and  Euclid  in  m?,- 
thematical  learning.  Backet,  in  his  notes  upon  theytii 
book  De  Arithmetic'is,  has  colleclcd,  from  Diophantus’s. 
epitapii  in  the  Anthologia,  the  following  circumftances 
of  his  life  ; namely,  that  he  was  married  when  he  was 
33  y'cars  old,  and  had  a fen  born  5 years  after;  that 
tin's  fon  died  when  he  was  42  years  of  age,  and  that 
his  father  did  not  furvive  him  above  4 years  ; from 
which  it  appears,  that  Diophantus  was  84  years  old 
when  he  died. 

DIOPHANTUS  wrote  13  books  of  Arithmetic,  or 
Algebra,  which  Regiomontanus  in  his  preface  to  Alfra- 
ganus,  tells  us,  are  ftill  preferved  in  manufeript  in  the 
Vatican  library.  Indeed  Diophantus  liimfelf  tells  us 

that 
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t'hat  Ills  work  confifted  of  13  books,  viz,  at  the  end  of 
his  addrcfs  to  Dionyfius,  placed  at  the  beginning  of 
the  work  ; and  from  hence  Regiomontanus  might  be 
led  , to  fay  the  1 3 books  w^ere  in  that  library.  No 
more  than  6 whole  books,  with  part  of  a feventh,  have 
ever  been  pnbliflied  ; and  I am  of  opinion  there  are 
no  more  in  being  ; indeed  Bombelli,  in  the  preface  to 
his  Algebra,  written  1572,  fays  there  were  but  6 of  the 
books  then  in  the  library,  and  that  he  and  another  were 
about  a traiiflation  of  them. 

Thole  6 books,  with  the  imperfedl  7th,  were  firib 
publiflied  at  Bafil  by  Xylander  in  1575,  but  in  a Latin 
vcrfion  only,  with  the  Greek  fcholia  of  Maximus 
Planudes  upon  the  two  flril  books,  and  obfervations  of 
his  own.  The  fame  books  were  afterwards  piiblilhed 
in  Greek  and  Latin  at  Paris  in  1621,  by  Bachet,  an  in- 
genious and  learned  Frenchman,  who  made  a new  Latin 
verfion  of  the  work,  and  enriched  it  with  very  learned 
, eommentaries.  Bachet  did  not  entirely  negleft  the 
notes  of  Xylander  in  his  edition,  but  he  treated  the 
fcholialb  Planudes  with  the  iitrnofl  contempt.  He  feems 
to  intimate,  in  what  he  fays  upon  the  28th  queftion  of 
the  2d  booh,  that  the  6 books  which  we  have  of 
Diophantus,  may  be  nctliing  more  than  a colledlion 
made  by  feme  novice,  of  fiich  propofitions  as  he  judged 
proper,  out  of  the  whole  13  ; but  Fabricius  thinks  there 
is  no  juil  ground  for  fuch  a fuppofition. 

• HIOPFIANTINE  Problems,  are  certain  quellions 
relating  to  fquare  and  cubic  numbers,  and  to  right- 
ungled  triangles,  &c  ; the  nature  of  which  were  firib  and 
chiefly  treated  of  by  Diophantes,  in  his  Arithmetic,  or 
rather  Algebra. 

In  thefe  queftions,  it  is  chiefly  intended  to  find  com* 
menfiirahle  numbers  to  anfwer  indeterminate  problems; 
which  often  bring  out  an  infinite  number  of  incomimen- 
lurable  quantities.  For  example,  let  it  be  propofed  to 
find  a rigl;t-angled  triangle,  whefe  three  fidcs  v,  y,  21 
are  expreiTed  by  rational  num.bers  ; from  the  nature  of 
the  figure  it  is  knowm  that  4-  where  z de- 

notes the  hypothenufe.  Now  it  is  plain  that  v and  y 
may  alfo  be  io  taken,  that  z fiiall  be  irrational ; for  if 
X ~ i,  andy  r=:  2,  then  is  z = >1/5. 

Now  the  art  of  refolving  fuch  prcblcms,  confifis  in 
ordering  the  unknown  quantity  or  quantities,  in  fuch  a 
manner,  that  the  fquare  or  higher  power  may  vanifh 
out  of  the  equation,  and  then  by  means  of  the  unknown 
quantity  in  its  firft  dimenfion,  the  equation  may  be  re- 
folved  without  having  recoiirfe  to  incommenfurablcs. 
For  ex.  in  the  equation  above,  y-  = z^,  fiip- 

pofe  % ■=  X u,  then  is  a:“  + y^  x'^  2xu  -\-  iP,  out 
of  wLich  equation  x"^  vanifhes,  and  then  it  is  y^  ra: 


2xu  4-  which  gives  x 


— u‘ 
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Hence,  affum- 


ing  y and  u equal  to  any  numbers  at  pleafure,  the  three 
fides  of  the  triangle  will  be 


y 


— u 


and 


y^  4- 


2U  2U 

which  are  all  rational  whenever  y and  u are  rational. 
For  ex.  if  y = 3,  and  u — then 


b'"'  - 


tv 


4> 


and  X 4-  or 


r-  4- 


= 5.  It  is 


2U  ■ ■ 2ll 

evident  that  this  problem  admits  cf  infinite  numbers  of 
folutions,  as  y or  u rr.ay  be  affumed  infinitely  various. 
See  Algebra,  and  Hiop hani  us. 

Abundant  information  on  this  fort  of  problems  may 


be  found  in  the  writings  of  a great  many  authors,  paiv 
ticularly  Fermat,  Bachet,  Ozanam,  Kerfey,  Saunder-= 
fon,  Euler,  &e. 

DIOPTER,  orDioFTRA,  the  fame  with  the  index 
or  alhidade  of  an  aftrolabe,  or  other  fuch  inftrument. 

DIOPTRA  was  an  infbiiment  invented  by  Hip- 
parchus, which  ferved  for  feveral  ufes  ; as,  to  level  wa- 
ter-courfes  ; to  take  the  height  of  to>\’crs,  or  places  at 
a diftance  ; to  determine  the  places,  magnitudes,  and 
diftances  of  the  planets, 

DIOPTRICS,  called  alio  ancclojlics,  is  the  do6lnnc 
of  refradled  vifion  ; or  that  pa’t  of  Opttics  which  ex- 
plains the  efieHs  of  light  as  refracled  by  palling  through 
dilferent  mediumis,  as  air,  water,  glafs,  &c,  and  efpecial- 
ly  lenfes. 

Dioptrics  is  one  of  the  moll  ufeful  and  pleafant  of 
all  the  human  fciences  ; -bringing  the  remotell  obje6ls 
near  hand,  enlarging  the  fmallell  objecls  fo  as  to  Ihew 
their  minute  parts,  and  even  giving  light  to  the  blind  *, 
and  all  this  by  the  fimple  means  of  the  attractive  povver 
in  g-lafs  and  water,  caufing-  the  ravs  of  light  in  their 

O ^ 0^*0^ 

palfage  thiough  them  to  alter  their  courfe  according  to 
the  different  fubftanccs  of  the  medium  ; whence  it  hap- 
pens, that  the  objeft  feen  through  them,  do*,  in  appear- 
ance, alter  their  magnitude,  diltance,  and  fituation. 

The  ancients  have  treated  of  diredt  and  reflected  vi- 
fion  ; but  what  we  have  of  refradted  vifion,  is  very  im- 
perfedt.  J.  Baptilla  Porta  wrote  a treatife  on  refrac- 
tion, in  9 books,  but  without  any  great  improvement. 
Kepler  was  the  firll  who  fucceeded  in  any  great  de- 
gree, on  this  fubjedl ; having  clemonllrated  the  proper- 
ties of  fpherical  lenfes  very  accurately,  in  a treatife  firll 
publiflied  anno  161 1.  After  Kepler,  Galileo  gave  fome- 
what  of  this  dodlrine  in  his  Letters  ; as  alfo  an  Exami- 
nation of  the  Preface  of  Johannes  Pena  upon  Euclid’s 
Optics,  concerning  the  ufe  of  optics  in  aflronomiy.  Des 
Cartes  alfo  wrote  a treatife  on  Dioptrics,  commonly 
annexed  to  his  Principles  of  Philofophy,  which  is  one 
of  his  bed  works  ; in  which  the  true  manner  of  vifion 
is  more  diftindlly  explained  than  by  any  former  writer, 
and  in  which  is  contained  the  true  law  of  refradtion, 
which  was  found  out  by  Snell,  though  the  name  of 
the  inventer  is  fupprelfed  : here  are  alfo  laid  down, 
the  properties  of  elliptical  and  hyperbolical  lenfes, 
with  the  pradlice  of  grinding  glaFes.  Dr.  Barrow  has 
treated  on  Dioptrics  in  a very  elegant  manner,  though 
rather  too  briefiy,  in  his  Optical  Lcdliires,  read  at  Cam- 
bridge. There  are  alfo  Huygens’s  Dioptrics,  an  excel- 
lent work  of  its  kind.  Molyneux’s  Dioptrics,  a vrork 
rather  heavy  and  dull.  Hartfoeker’s  Effai  de  Diop- 
trique.  Cherubin’s  Dioptrique  Oculaire,  et  la  Vi- 
hon  Parfaitc.  David  Gregory’s  Elements  of  Diop- 
trics. Traber’s  Nervus  Opticus.  Zahn’s  Ociihis  Ar- 
tificialis  Teledioptricus.  Dr.  Smith’s  Optics,  a com- 
plete work  of  its  kind.  Wolfiiis’s  Dioptrics,  contained 
m his  Elementa  Mathefeos  Univcrfalis.  But  over  all, 
the  Treatife  on  Optics,  and  the  Optical  Ledlures  of 
Newton,  in  whofe  experiments  are  contained  far  more 
difeoveries  than  in  all  tlie  former  writers.  Lafily,  this 
fcience  was  perfedled  by  Dollond’s  difeovery  of  the 
acromatic  glaffes,  by  which  the  colours  are  obviated  in 
refradling  telefcopes. 

The  laws  of  Dioptrics  fee  delivered  under  the  article 
Refraction,  Lens,  &c  ; and  the  application  of  it 
in  the  conilrudlion  of  telefcopes,  miferofeopes,  and  other 
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dioptrical  inflrumonts,  under  the  articles  Telescope, 
and  Microscope. 

DIP  of  the  Hori%on,  See  Depression. 
Dipping-A^<?^^&,  or  Inclinatory  Needle,  a magnetical 
needle,  fo  hung,  as  that,  inftead  of  playing  horizontal- 
ly, and  pointing  out  north  and  fouth,  one  end  dips,  or 
inclines  to  the  horizon,  and  the  other  points  to  a certain 
degree  of  elevation  above  it. 

The  inventor  of  the  Dipping-needle  was  one  Robert 
Norman,  a compafs-maker  at  Ratcliffe,  about  the  year 
1580  ; this  is  not  only  teftified  by  his  own  account,  in 
his  New  Attradlive,  but  alfo  by  Dr.  Gilbert,  Mr.  Wil- 
liam Burrowes,  Mr.  Henry  Bond,  and  other  writers  of 
that  time,  or  foon  after  it.  The  occafion  of  the  difco- 
very  he  himielf  relates,  viz,  that  it  being  his  cullom  to 
fmiih,  and  hang  the  needles  of  his  compaffes,  before  he 
touched  them,  he  always  found  that,  immediately  after 
the  touch,  the  north  point  would  dip  or  decline  down- 
ward, pointing  in  a direction  under  the  horizon  ; fo 
that,  to  balance  the  needle  again,  he  was  always  forced 
to  put  a piece  of  wax  on  the  fouth  end,  as  a coimter- 
poife.  The  conftancy  of  this  effedl  led  him,  at  length, 
to  obferve  the  precife  quantity  of  the  dip,  or  to  mea- 
fure  the  greatell  angle  which  the  needle  would  make 
with  the  horizon.  This,  In  the  year  1576,  he  found 
at  London  was  71°  50'.  It  is  not  quite  certain  whether 
the  dip  varies,  as  well  as  the  horizontal  diredlion,  in  the 
fame  place.  Mr.  Graham  made  a great  many  experi- 
ments with  the  dipping-needle  in  1723,  and  found  the 
dip  between  74  and  75  degrees.  Mr.  Nairne,  in  1772, 
found  it  fomewhat  above  72°.  And  by  many  obferva- 
tlons  made  lince  that  time  at  the  Royal  Society,  the 
medium  quantity  is  72°^.  The  trifling  difference  be- 
tween the  frfl  obfervations  of  Norman,  and  the  lafl  of 
Mr.  Nairne  and  the  Royal  Society,  lead  to  the  opinion 
that  the  dip  Is  unalterable  ; and  yet  it  may  be  difficult 
to  account  for  the  great  difference  between  thefe  and 
Mr.  Graham’s  numbers,  confidering  the  well-known 
accuracy  of  that  ingenious  gentleman.  Philof.  Tranf. 
vol.  45,  pa.  279,  vol.  62,  pa.  476.  vol.  69,  70,  7 i. 

It  is  ceilain  however,  from  many  experiments  and 
obfervations,  that  the  dip  is  different  in  different  lati- 
tudes, and  that  It  increafes  in  going  northward.  It 
appears  from  a table  of  obfervations  made  with  a ma- 
rine dipping  needle  of  Mr.  Nairne’s,  in  a voyage  to- 
wards the  north  pole,  in  1773,  that 

in  latitude  60°  18'  the  Dip  was  75°  o', 

in  latitude  70  45  the  Dip  was  77  52, 

in  latitude  80  12  the  Dip  was  81  52,  and 

in  latitude  So  27  the  Dip  was  82  2\. 

See  Phipps’s  Voyage,  pa.  122.  See  alfo  tlie  Obferva- 

tions of  Mr.  Hutchins,  made  In  Pludfon’s  Bay  and 
Straits,  Philof.  Tranf.  vol.  65,  pa.  129. 

Burrowes,  Gilbert,  Fridley,  Bond,  See,  endeavoured  to 
apply  this  difeovery  of  the  dip  to  the  finding  of  the  la- 
titude ; and  Bond,  going  fllll  farther,  hrft  of  any  pro- 
pofed  finding  the  longitude  by  It ; but  for  want  of  ob- 
fervations and  experiments,  he  could  not  go  any  length. 
Mr.  Whiilon,  being  furniflied  with  the  farther  obferva- 
tions of  colonel  Windham,  Dr.  Halley,  Mr  Pound,  Mr. 
Cunningham,  M.  Noel,  M.  Feullle,  and  his  own,  made 
great  improvements  in  the  dodtrine  and  ufe  of  the  dip- 
ping-needle, brought  it  to  more  certain  rules,  and  endea- 
Youred  in  good  earnefl  to  find  the  longitude  by  it.  For 


this  purpofe,  he  obfervQs,  ifl,  That  the  true  tendency 
of  the  north  or  fouth  end  of  every  magnetic  needle,  is 
not  to  that  point  of  the  horizon,  to  which  the  horizon- 
tal needle  points,  but  towards  another,  dlreftly  under 
it.  In  the  fame  vertical,  and  in  different  degrees  under 
It,  In  different  ages,  and  at  different  places.  2dly,  That 
the  power  by  which  the  horizontal  needle  is  governed, 
and  all  our  navigation  ufually  direffed,  it  Is  proved  is 
only  one  quarter  of  the  power  by  which  the  dipping- 
needle  Is  moved  ; which  fiaould  render  the  latter  far  the 
more  effectual  and  accurate  inffrument.  sdly,  That  a 
dipping-needle  of  a foot  long  will  plainly  flaew  an  altera- 
tion of  the  angle  of  inclination,  in  thefe  parts  of  the 
world,  in  half  a quarter  of  a degree,  or  7 1 geographi- 
cal miles  ; and  a needle  of  4 feet,  in  2 or  3 miles  ; I.  e. 
fuppofing  thefe  diilances  taken  along,  or  near  a meri- 
dian. 4thly,  A dipping-needle,  4 feet  long.  In  thefe 
parts  of  the  world,  will  fnew  an  equal  alteration  along 
a parallel,  as  another  of  a foot  long  will  (hew  along 
a meridian  ; i.  e.  that  will,  with  equal  exafinefs,  ffievv 
the  longitude,  as  this  the  latitude. 

This  depends  on  the  pofitlon  of  the  lines  of  equal 
dip,  in  theie  parts  of  the  world,  which  it  is  found  do 
He  about  14  or  15  degrees  from  tlie  parallels.  Hence 
he  argues,  that  as  we  can  have  needles  of  5,  6,  7,8,  or 
more  feet  long,  which  will  move  with  ftrength  fufficient 
for  exadt  obfervatlon  ; and  fince  microfeopes  may  be 
applied  for  viewing  the  fmallell  divifions  of  degrees  on 
the  limb  of  the  inffrument.  It  is  evident  that  the  longi- 
tude at  land  may  thus  be  found  to  lefs  than  4 miles. 

And  as  there  have  been  many  obfervations  made  at 
fea  with  the  fame  inffrument  by  Noel,  Feuille,  (See, 
which  have  determined  the  dip  ufually  within  a degree, 
fometimes  within  I-  or  \ of  a degree,  and  this  with 
fmall  needles,  of  5 or  6,  or  at  the  moft  9 inches  long; 
it  Is  inferred,  that  the  longitude  may  be  found,  even  at 
fea,  to  Icfs  than  half  a quarter  of  a degree.  This  pre- 
rnlfed,  the  obfervatlon  itfelf  follows. 

To  fnd  the  ] .ongitude  or  f jatitude  ly  the  JD  'ipfng^ 
Needle. — If  the  lines  of  equal  dip,  below  the  lionzon, 
be  drawn  on  maps,  or  fea-charts,  from  good  oblerva- 
tlons,  it  will  be  eafy,  from  the  longitude  known,  to 
find  the  latitude;  and  from  the  latitude  known,  to  find." 
the  longitude  cither  at  fea  or  land. 

Suppofe,  for  example,  a perfon  travelling  or  failing 
along  the  meridian  of  London,  fhould  find  that  the 
angle  of  dip,  with  a needle  of  one  foot,  was  75°  ; the 
chart  will  ffiew  that  this  meridian,  and  the  line  of  dip, 
meet  In  the  latitude  of  53°  1 1'  ; which  Is  therefore  the 
latitude  fought. 

Or  If  he  be  travelling  or  failing  along  the  parallel 
of  London,  I.  e.  In  5 i“  3 F north  latitude,  and  find  the 
angle  of  dip  74°  ; then  this  parallel,  and  the  line  of  this 
dip,  will  meet  on  the  maj)  in  1°  46'  of.  eaff  longitude 
from  London  ; which  therefore  Is  the  longitude  fought. 

DIRECT,  in  Arithmetic,  Is  wdien  the  proportion  of 
any  terms,  or  quantities,  is  In  .the  natural  or  diredt  or- 
der In  wliich  they  Hand  ; being  the  oppofite  io  inverfe, 
which  confiders  the  proportion  in  the  Inverted  order  of 
the  terms. . So,  3 : 4 : : 6 ; 8 diredly  ; or  3 : 4 : ; 8 : 6 
inverfely. . 

Ride  of  Three  is  when  both  pairs  of  terms 

are  in  dire&  proportion. 

Direct,  in  Attronomy.  A planet  is  faid  to  be  di- 
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rctt,  or  its  motion  dirc^?!;,  when  it  goes  forward  by  its 
proper  motion  in  the  zodiac,  according  to  the  fuccef- 
lioii  or  order  of  the  ligns  ; or  when  it  appears  fo  to 
do,  to  an  obferver  {landing  upon  the  earth.  Whereas 
it  is  fa'd  to  be,  or  to  move  retrograde,  when  it  appears 
to  go  the  contrary  way,  or  backward  ; and  to  be Jla- 
'twnary,  when  it  feems  not  to  move  either  way., 

Direct  Dials,  See  Dial  and  33ialling. 

Direct,  in  Optics.  Dlred  vilion  is  that  perform- 
ed by  dirccl  rays  ; in  coiitradiftindlion  to  vifion  by  re- 
fracted, or  refledled  rays.  Diredl  vifion  is  the  fubjedl 
of  Optics,  which  prt  fcribes  the  laws  and  rules  of  it. 

DiRiiCT  Rays,  are  thofe  which  pafs  on  in  right  lines 
from  the  object  to  the  eye,  without  being  turned  out 
of  their  rectilinear  direeilion  by  any  intervening  body, 
either  opaque  or  pellucid  or  v/ithout  being  either  re- 
jlcCled  or  refraCled. 

Direct  Sphere,  See  Rigv^t  Sphere. 

'DIRECTION,  in  Ailronomy,  the  motion  and  other 
phenomena  of  a planet,  when  direct. 

Direction,  in  Allrology,  is  a kind  of  calculus,  by 
which  they  pretend  to  find  the  time  in  which  any  not- 
able accident  ihall  befall  the  perfon  whole  horofcope 
is  drawn. 

For  inftance,  having  eflablilhed  the  fun,  moon,  or 
afcendant,  as  mailers  or  iignificators  of  life  ; and  Mars 
or  Saturn  as  promifers  or  portenders  of  death  the  di- 
rection is  a calculation  of  the  time  in  which  the  figni- 
-ficator  ihall  meet  the  portcnder. 

The  fignificator  they  likewife  call  apheta,  or  giver  of 
life  ; and  the  promifer,  ancreta,  promijfor,  or  giver  of 
, death. 

They  work  the  directions  of  all  the  principal  points 
■of  the  heavens  and  liars,  as  the  afcendant,  mid- heaven, 
lun,  moon,  and  part  of  fortune.  The  like  is  done  for 
the  planets  and  fixed  Ears  ; but  all  differently,  accord- 
ing to  the  different  authors. 

Line  of  Direction,  in  Gunnery,  is  the  direCl  line 
in  which  a piece  is  pointed.  Sometimes  a line  of  di- 
reClion  is  marked  on  the  upper  fide  of  the  gun,  by  a 
fmall  notch  or  flit,  or  knob,  in  the  bafe  and  muzzle 
rings  : but,  imlefs  the  two  wheels  of  the  carriage  Hand 
equally  high,  this  line  will  be  fallacious  ; for  which  rea- 
fon  the  gunners  comimonly  find  a new  line  of  direction 
■every  time,  by  means  of  a plummet. 

Line  of  Direction,  in  Mechanics,  denotes  the  line 
in  which  a body  moves,  or  endeavours  to  proceed. 

Angle  (^Direction,  is  that  comprehended  between 
the  lines  of  direction  of  two  confpiring  powers. 

Quantity  indirection,  is  iifed  for  the  produCt  arif- 
ing  from  multiplying  the  velocity  of  the  common  cen- 
tre of  gravity,  in  a lyilem  of  bodies,  by  the  fum  of 
their  maffes.  In  the  collifion  of  bodies  the  quantity  of 
•direction  is  the  fame  both  before  and  after  the  impulfe. 

Direction  Load  Stone,  that  property  by  which 

the  magnet,  or  a needle  touched  by  it,  always  prefents 
one  of  its  ends  toward  one  of  the  poles  of  the  world, 
and  the  oppofite  end  to  the  other  pole.  This  is  alfo 
cajled  the  polarity  of  the  magnet  or  needle. 

The  attractive  property  of  the  magnet  was  known 
long  before  its  directive  ; and  the  direClive  long  before 
the  incllnatory. 

Number  of  Direction,  is  the  number  of  days  that 
-Septuagefima  Sunday  falls  after  the  17th  of  January, 
See  NuMBSSt. 
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DIRECTLY,  in  Geometry  : wc  fay  two  lines  lie  di- 
reCtly  againft  each  other,  when  they  are  parts  of  the 
fame  right  line.  Alfo  quantities  are  faid  to  be  direct- 
ly proportional,  when  the  proportion  is  according  to 
the  order  of  the  terms  ; in  contradiftinClidn  to  inverfcly, 
or  reciprocally  proportional,  which  is  taking  the  pro- 
portion contrary  to  the  order  of  the  terms. 

In  Mechanics,  a body  is  faid  to  llrike  or  impinge 
dircBly  againil  another  body,  when  the  ftroke  is  in  a di< 
reCtioii  perpendicular  to  the  furface  at  the  point  of  im- 
paCt. 

And  a fphere  in  particular  ftrikes  direClly  againfl 
another,  when  the  line  of  direClion  paffes  through  both 
their  centres. 

DIRECTRIX.  See  Dirigent. 

Directrix,  in  a Parabola,  a line  perpendicular  to 
the  axis  produced,  at  the  dillance  of  the  focus  without 
the  vertex. 

DIRIGENT,  a term  exprefling  the  line  of  motion, 
along  which  a deferibent  line,  or  furface,  is  carried  in 
the  genefis  of  any  plane  or  folid  figure. 

Thus,  if  the  line  AB.move 
parallel  to  itfelf,  and  along  the 
line  AD,  fo  that  the  point  A 
always  keeps  in  the  line  AD, 
and  the  point  B in  the  line  BC  ; 
a parallelogram  A BCD  will  be 
formed  ; of  which  the  line  AB 
is  the  deferibent,  and  the  line 
AD  the  dirigent.  So  alfo,  if 

the  furface  ABEG  be  fuppofed  carried  along  the  line 
AD,  in  a pofition  always  parallel  to  itfelf  at  its  firff 
Situation,  the  folid  AF  will  be  formed  ; where  the  fur- 
face AE  is  the  deferibent,  and  the  line  AD  is  the  di- 
rigent. 

DISC,  or  Disk,  the  body  or  face  of  the  fun  or 
moon  ; fiich  as  it  appears -to  us  ; for  though  they  be 
really  fpherical  bodies,  they  are  apparently  circular 
planes. 

The  diameter  of  the  dife  is  confidered  as  divided  into 
1 2 equal  parts,  called  digits  ; by  means  of  which  it  is,, 
that  the  magnitude  of  an  eclipfe  is  meafured,  or  eftima- 
ted.' — In  a total  eclipfe  of  either  of  thofe  luminaries, 
the  whole  dife  is  oblcured,  or  darkened  ; in  a partial 
eclipfe,  only  part  of  them. 

Illuminated  Disc  of  the  Earth.  See  Circle 

lumlnation.  ' 

Disc,  in  Optics,  the  magnitude  of  a telefcope  glafs, 
or  the  width  of  its  aperture,  whatever  its  figure  be, 
whether  a plane,  convex,  menifeus,  or  the  like. 

DISCHARGER,  or  Discharging  Rod,  in  Elec- 
tricity, confifts  of  a handle  of  glafs  or  baked  wood,  A, 


and  two  bent  metal  rods  BB,  terminating  in  points, 
and  capable  of  being  ferewed  into  the  knobs  DD,  which 

move 
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move  hy  n joint  C,  fixed  to  the  handle  A.  Thus  it 
may  be  ufed  either  with  the  points  or  balls,  as  occaiiun 
requires  ; and  by  being  made  moveable  on  a joint,  it 
may  be  applied  to  larger  or  fir.aller  jars  at  plealure.  By 
bringing  one  of  thefe  knobs  or  points  to  one  coated  fide 
of  a charged  electric,  and  the  other  to  the  other  fide, 
or  to  any  conductor  conne<9:ed  with  it,  the  communi- 
cation is  completed  between  the  two  fides,  and  the 
eleftric  is  diicharged. 

For  the  defeription  and  ufe  of  an  Univerfal  Dif- 
charger,  by  Mr.  Henly,  with  which  many  curious  ex- 
periments may  be  performed,  fee  Cavallo’s  Ficctricity, 
pa.  164. 

DISCORD,  the  relation  of  two  founds  whicli  arc 
always,  and  of  themfelves,  dilagreeable,  whether  ap- 
plied in  fuccefiion  or  confonance. 

DISCOUNT,  or  Rebate,  is  uied  for  an  allowance  made 
on  a bill,  or  any  other  debt  not  yet  become  due,  in  con- 
fide ration  of  making  prefent  payment  of  the  bill  or  debt. 

Among  merchants  and  traders,  it  is  ufual  to  allow  a 
fum  for  difeount  that  is  equal  to  the  intercfl  of  the 
debt,  calculated  for  the  time  till  it  becomes  due  : but 
this  is  not  juft  ; for  as  the  true  value  of  the  difeount  is 
equal  to  the  difference  between  the  debt  and  its  prefent 
worth,  it  is  equal  only  to  tlie  intereft  of  that  prefent 
worth,  inilead  of  the  intereft  on  the  whole  debt.  And 
tiierefore  the  rule  for  finding  the  true  difeount  is  this  : 

As  the  amount  of  lool,  for  the  given  rate  and  time  : 

Is  to  the  given  fum  or  debt  : : 

So  is  the  intereft  of  lool,  for  the  given  rate  and  time  : 

To  the  diicount  of  the  debt. 

So  that,  if  p be  the  principal  or  debt,  r the  rate  of 
intereft  per  cent,  and  t the  time  ; 

then  as  ioo4-^^  • : — — > which  is  tlie  true 

^ 100+  rt 

difeount.  Hence  alfo  p — is  the 

1 00  -f-  ;•/  100  + rt 

prefent  worth,  or  fum  to  be  received. 

For  ex.  Suppofe  it  be  required  to  find  the  dif- 
eount of  2 50I,  for  five  months,  at  the  rate  of  5 per 
cent,  per  annum  intereft.  Here  250,  ^ — 5,  and 
f =.  or  5 months  ; tlien 

p}'t  25ox5x/^_  250x25  250 

ioo-f5X-j^2;  1200  + 25  49 

5/.  the  difeount  fought. 

A Table  of  Difeounts  may  be  feen  in  Smart’s  Ta- 
bles of  Intereft,  the  ufe  of  which  makes  calculations 
of  difeount  very  eafy. 

Discount  is  alfo  the  name  of  a rule  in  hooks  of 
Arithmetic, by  which  calculations  of  Diicount  are  made. 

DISCRETE,  or  Disjunct,  PropGrtion,  is  that  in 
which  the  ratio  between  two  or  more  paiis  of  numbers 
is  the  fame,  and  yet  the  proportion  is  not  continued, 
fo  as  that  the  ratio  may  be  the  fame  between  the  con- 
fequeiit  of  one  pair  and  the  antecedent  of  the  next  pair. 

Thus,  if  the  numbers  or  proportion  6 : 8 : : 3 : 4 be 
confidered  : the  ratio  of  6 to  8 is  the  fame  as  that  of 
3 to  4,  and  therefore  thefe  four  numbers  are  propor- 
tional : but  it  is  only  d'lfcretely  or  disjuuEtly,  and  not 
continued ; for  8 to  3 is  not  the  fame  ratio  as  the  for- 
mer ; that  is,  the  proportion  is  broken  off  betw^een  8 
and  3,  and  not  continued  all  along,  as  it  is  in  thefe  ful- 
VoL.  E 


lowing  four  numbers,  which  are  called  conftnual prt>pr)i‘- 
tionals,  viz,  3 : 6 : : 12  : 24. 

Discrete  ^lanthy,  isfuch  as  is  not  continued  and 
joined  together.  Such  for  inftance  is  any  number  ; for 
its  parts,  being  diftintl  units,  cannot  be  united  into 
one  cotitinuum  ; for  in  a ccrJimium  there  are  no  adluaf 
determinate  parts  before  divifion,  'but  they  are  poteiu 
tially  infinite  ; fo  tliat  it  is  ufually  and  truly  laid  that 
continued  quantity  is  divifible  m injin'tiim.  , 

DISDIAPASON,  in  Mufic,  a compound  con-, 
cord,  in  the  quadruple  ratio  of  4‘to  i,  being  a fif- 
teenth or  double  eighth,  and  is  produced  when  the 
woice  goes  from  the  firft  tone  to  the  fifteenth. 

DISJUNCT  Proportion.  See  Discrete  Proportion^ 
DISK.  See  Disc. 

DISPART,  a term  in  Gunnery,  ufed  for  a mark 
fet  upon  the  muzzde-ring  of  a piece  of  ordnance,  of 
fuch  lieight,  that  a fight-line  taken  from  the  top  of 
the  bafe  ring  near  the  vent  or  touch-hole  to  the  top  of 
the  diipart  near  the  muzzle,  may  be  parallel  to  the 
axis  of  tlie  concave  cylinder;  for  which  reafon  it  K 
evident  that  the  lieight  of  the  difpart  is  equal  to  tho 
difference  between  the  radii  of  the  piece  at  the  bafe  and 
muzzle-rings,  or  to  half  the  difference  of  the  tliame* 
ters  there.  Flence  comes  the  common  method  of  dlf- 
parting  the  gun,  which  is  this  : Take,  with  the  calB 
pers,  tlie  two  diameters,  viz,  of  the  bafe  ring  and  the 
place  where  the  difpart  is  to  ftand,  lubtraeft  the  lefa 
from  the  greater,  and  take  half  the  difference,  which 
will  be  the  length  of  the  difpart,  which  is  commonly 
cut  to  that  length  from  a fmall  bit  of  wood,  and  ia 
fixed  upright  in  its  place  with  a bit  of  wax  or  pitch. 

DISPERSION,  in  Dioptrics,  is  the  divergency 
of  refradfed  rays  of  light. 

Point  (^'Dispersion,  is  a point  from  which  re- 
fracfed  raj's  begin  to  diverge,  when  their  refradlion 
renders  them  divergent.' — It  is  called  point  of  dlfperfion 
in  oppofition  to  the  point  of  concourfe,  or  point  in  which 
converging  rays  concur  after  refraction.  But  it  is  more 
ufual  to  call  the  latter  the  focus,  and  the  former  the 
virtual fecus. 

Dispersion^ Light,  occafioned  by  the  refranglbi- 
lity  of  the  rays,  or  the  nature  of  the  refradting  medi- 
um. See  Aberration,  and  Inflection. 

DISSIPATION,  in  Phyfics,  a gradual,  flow,  in- 
fenfible  lofs  or  confumption  of  the  minute  parts  of  a 
body  ; or,  more  properly,  the  flux  by  which  they  fly 
off  and  are  loft.  See  Effluvia, 

Cfir/e (^/'Dissipation,  or  Aberration,  in  Optics, 
denotes  that  circular  fpace  upon  the  retina  of  the  eye, 
which  is  occupied  by  the  rays  of  each  pencil  in  indiftiiidl 
vifion  : thus,  if  the  diftaiice  of  the  objedf,  ortheconfli- 
tution  of  the  eye,  he  fuch,  that  the  image  falls  beyond 
the  retina,  as  when  objedfs  are  too  near  ; or  before  the  re- 
tina, y'hen  the  rays  have  not  a fufficient  divergency,  tlie 
rays  of  a pencil,  inftead  of  being  colledted  into  a central 
point,  will  be  difiipated  over  this  circular  fpace  : and, 
all  other  circumftances  being  alike,  this  circle  will  be 
greater  or  iefs,  according  to  the  diftances  from  the  rc? 
tina  of  the  foci  of  refradfed  rays.  But  this  circle 
caufes  no  perceptible  difference  in  the  drftindtnefs  of 
vifion,  unlefs  it  exceed  a certain  magnitude  ; as  foou 
as  that  is  the  cafe,  we  begin  to  perceive  an  iiidiftindt- 
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nefs,  whicli  increafes  as  tliat  circle  increafes,  till  at 
length  the  obje6l  is  loll  in  confufion.  This  circle  is 
alfo  greater  or  lels,  according  to  the  g'reater  or  lefs 
magnitude  of  the  vilible  obiedl : and  thouo-h  it  be  not 
eafy  to  affign  the  diameter  of  the  faid  circle,  it  feems 
Yen'-  probable  thett  vifioii  continues  dlftiiidl  for  all  fiich 
dillances,  or  fo  long  as  thele  circles,  or  the  pencils  ol 
light  from  them,  do  not  touch  one  another  upon  the 
retina  ; and  the  indiliindlnefs  begins  when  the  faid  cir- 
cles begin  to  interfere.  It  has  been  often  obferved, 
that  a prccife  union  of  the  refpedlive  rays  upon  the  re- 
tina, is  not  neceffary  to  diilindl  vifion  ; but  the  firll  au- 
thor who  afeertained  the  fadl  beyond  all  doubt,  was 
Dr.  Jurin.  See  a variety  of  obfervations  and  experi- 
ments on  this  fubjedl,  in  his  Elfay  on  Diftindl  and  In- 
dillincl  Vifion,  in  Smith’s  Optics,  Appendix.  In  the 
Philof.  Tranf.  for  1789,  pa.  256,  is  an  excellent  pa- 
per on  this  fubiedt  by  Dr.  Maflcelyne  ; in  which  he 
computes  the  diameter  of  the  circle  of  diffipation  at^ 
*002667  of  an  inch,  making  it  anfwer  to  an  external 
angle  of  15°,  which  he  fliews  is  very  compatible  with 
dillindl  vifion.  See  alfo  Moon,  and  Vision. 

Radius  ^Dissipation,  is  the  radius  of  the  circle 
of  diffipation. 

DISSOLVENT,  fomething  that  diffolves ; i.  e. 
divides,  and  reduces  a body  into  its  fmallell  parts. 

DISSOLUTION,  is  a feparation  of  the  llrudlure 
of  a body,  into  fmall  or  minute  parts. 

According  to  Newton,  and  others,  this  is  effedled 
by  certain  powerful  attradlions. 

DISSONANCE,  or  Discord,  is  a falfe  confo- 
nance  or  concord ; being  produced  by  the  mixture  or 
meeting  of  two  founds  which  are  difagreeable  to  the  ear. 

DISTANCE,  properly  fpeaking,  denotes  the  ffiort- 
ell  line  between  two  points,  objedls,  &c. 

D I STANCE,  in  Allronomy,  as  of  the  fun,  planets, 
comets,  &c. 

The  Real  Dillances  are  found  from  the  parallaxes  of 
the  planets,  &c.  See  Parallax,  and  Planet,  and 
T RANsiT.  The  diHance  of  the  earth  from  the  fun  has 
been  determined  at  95  millions  of  miles,  by  the  late 
tranfits  of  Venus;  and  from  this  one  real  dillance, 
and  the  feveral  relative  dillances,  by  analogy  are  found 
all  the  other  real  dillances,  as  in  the  table  below. 

The  Proportional  or  Relative  Dillances  of  the  pla- 
nets are  very  well  deduced  from  the  theory  of  gravity : 
for  Kepler  has  long  lince  difeovered,  and  Newton  has 
demonllrated,  that  the  fqiiares  of  their  periodical  times 
are  proportional  to  the  cubes  of  their  dillances.  Kep- 
ler’s Epit.  Allron.  lib.  4 ; Newton’s  Principia,  lib.  3, 
phsen.  4;  and  Gregory’s  Allron.  book  i,  prop.  40. 
If  therefore  the  mean  dillance  of  the  earth  from  the 
fun  be  affiimed,  or  fuppofed  10000,  we  ffiall  then, 
from  the  foregoing  analogy,  and  the  known  periodi- 
cal times,  obtain  the  relative  dillances  of  the  other  pla- 
nets : thus. 

The  Periodical  Revolutions  in  Days  and  Parts. 
Mercury.  Venus.  Earth.  Mars.  Jupiter.  Saturn.  Herfchel. 

224i^^  365^  68611  43,32^  107592^  30445 
Relative  Mean  Dillances  from  the  Sun. 

3871  7233  10000  15237  52010  95401  190818 

Real  Dillance  in  Millions  of  Miles. 

37  95  H5  493i-  9^3^  1813 


For  the  dillances  of  the  fecondary  planets  from  the 
centres  of  their  refpedlive  primaries,  fee  Satellites. 

As  to  that  of  the  fixed  liars,  as  having  no  fenfible 
parallax,  we  can  do  little  more  than  guels  at. 

Distance  of  the  Sun  from  the  Moon’s  fiode,  or  apogee^ 
is  an  arch  of  the  ecliptic,  intercepted  between  the 
fun’s  true  place  and  the  moon’s  node,  or  apogee.  See 
Node. 

Distance.  See  Curtate. 

Distance  of  the  Bafions^  in  Fortification,  is  the  fide 
of  the  exterior  polygon. 

Acceffihle  Distances,  in  Geometry,  are  meafured 
with  the  chain,  decerapeda  or  ten-foot  rod,  or  the  like. 

Inacceffible  Distances,  are  found  by  taking  bear- 
ings to  them,  from  the  two  extremities  of  a line  whofe 
length  is  given.  Various  ways  of  performing  this  may 
be  feen  in  my  Treatife  on  Menfuration,  ftdl.  3,  on 
Heights  and  Dilfances. 

Distance,  in  Geography,  is  the  arch  of  a great 
circle  intercepted  between  two  places. 

To  find  the  dillance  of  two 
places,  A and  B,  far  remote  from 
each  other.  Alfume  two  llations, 

C and  D,  from  v»diich  both  the 
places  A and  B may  be  feen  ; and 
there,  with  a theodolite,  obferve 
the  quantity  of  the  angles  ACD, 

BCD,  ADC,  BDC,  and  mea- 
fure  any  dillance  as  AC. 

Then,  in  the  triangle  ACD,  there  are  given  the  an- 
gles ACD,  ADC,  and  the  fide  AC  ; to  find  the  fide 
CD. — Next,  in  the  triangle  BCD,  there  are  given  the 
angles  BCD,  BDC,  and  the  fide  CD  ; to  find  the  fide 
BC.' — Lallly,  in  the  triangle  ABC,  there  are  given 
the  angle  ACB,  and  the  fides  AC,  CB  ; to  find  the 
fide  AB,  which  is  the  dillance  fourkt. 

/ O 

And  in  thefe  operations,  the  triangles  may  be  com- 
puted either  as  plane  triangles,  or  as  fpherical  ones,  as 
the  cafe  may  require,  or  according  to  the  magnitude  of 
the  dillances. 

Distance  of  a remote  ohjeB  may  alfo  he  found  from 
its  height.  This  admits  of  feveral  cafes,  according  as 
the  dillances  are  large  or  fmall,  &c.  ill,  Suppofe  that 
from  the  top  of  a tower  at  A,  whofe  height  AB  is 
1 20  feet,  there  be  taken  the  angle  BAG  = 33°,  and 
the  angle  BAD  =:  to  two  trees,  or  other  ob- 

jects, C,  D ; to  find  the  dillance  between  them  CD, 
and  the  dillance  of  each  from  the  bottom  of  the 
tower  at  B. 


Firll,  rad.  : tang.  Z.  BAD  : : AB  : BD  = 251*585, 
next,  rad.  : tang.  A BAG  : ; AB  : BC  = 77*929? 


their  difference  is  the  dill,  CD  = 173*656. 


C 


sd,  Suppofe 
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2d,  Suppofe  it  be  required  to  find  the  diftance  to 
1^■hich  an  objedl  can  be  ieen,  by  knowing  its  altitude  ; 
ex.  gr.  the  Pike  of  TenerifFe,  whofe  height  is  ac- 
counted 3 miles  above  the  level  of  the  fea,  fuppofing 
the  circumference  of  the  earth  25,000  miles,  or  the  di- 
ameter 795^  miles.  Let  FG  be  the  radius  — 3979, 
,EF  = 3 the  height  of  the  mountain,  and  El  a tan- 
gent to  the  earth  at  the  point  H,  which  is  the  fartheft 
diflant  point  to  which  the  top  of  the  mountain  E canbe 
feen.  Here  m the  right  angled  triangle  EGH,  are  given 
the  hypothenufe  EG  3982,  and  the  leg  FG=:  3979 ; 
to  find  the  other  leg  HE  = 154*.  miles  r=:  the  dillance 
fought  nearly.  Or,  rather,  as  EG  ; GH  ; : rad.  ; co- 
fin.  Z.  G=^2°  13'f  ; tiien  as  360°  : 2“  13'!  : ; 25,000 
: 154I  miles  = the  arch  of  diif.  HF  fought,  the  fame 
as  before. 

3d,  If  the  eye,  inftead  of  being  in  the  horizon  at  H, 
were  elevated  above  it  at  I,  any  known  lieight,  as 
fuppofe  264  feet,  or  ^^^th  of  a mile,  as  on  the  top  of  a 
fnip’s  mail;,  &:c  ; then  the  mountain  can  be  feen  much 
farther  off  along  the  line  IE,  and  the  diftance  will  be 
the  two  tangents  IH  and  HE,  or  rather  the  two  arcs 
KH  and  HF.  Hence,  as  above,  as  IG  i GFI  i i rad. 
cofin.  ^ IGH  = 17'^  ; then  as  360°  : 17^5  : ; 25,000 
; 20  miles  rr  the  arc  KH  : this  added  to  the  former 
arc  HF  = 154L  makes  the  whole  arc  KF  = 174^ 
miles,  for  the  whole  diftance  to  which  the  top  of  the 
mountain  can  be  feen  in  this  cafe. 

■ Apparent  Distance,  in  Optics,  that  diftance  which 
we  judge  anobjeH  is  placed  at  when  feen  afar  off,  be- 
ing ufually  very  different  fi  om  the  true  diftance  ; be- 
caufe  we  are  apt  to  think  that  all  very  remote  objects, 
whofe  parts  cannot  well  be  diftinguiflied,  and  which 
have  no  other  objedf  in  view  near  them,  are  at  the 
fame  diftance  from  us,  though  perhaps  the  one  is  thou- 
fands  of  miles  nearer  than  the  other,  as  is  the  cafe  with 
regard  to  the  fun  and  moon. 

M.  De  la  Hire  enumerates  five  circumftanccs,  which 
affift  us  in  judging  of  the  diftance  of  objects  ; viz, 
their  apparent  magnitude,  the  ftrength  of  tlie  colour- 
ing, the  diredlion  of  the  two  eyes,  the  parallax  of  the 
objects,  and  tlie  dillindlnefs  of  their  fmall  parts.  On 
the  contrary.  Dr.  Smith  maintains,  that  we  judge  of 
diftance  principally,  or  folely,  by  the  apparent  magni- 
tude of  objedls  ; and  concludes  univerfally,  that  the  ap- 
parent diftance  of  an  objefi  feen  in  a glafs,  is  to  its  ap- 
parent diftance  feen  by  the  naked  eye,  as  the  apparent 
magnitude  to  the  naked  eye  is  to  its  apparent  magni- 
tude in  the  glafs:  But  it  was  long  fince  obferved  by 
Alhazen,  that  we  do  not  judge  of  diftance  merely  by 
the  angle  under  wliicli  objeHs  are  feen  ; and  Mr.  Ro- 
Eins  clearly  fhew's  that  Dr.  Smith’s  hypothefis  is  con- 
trary to  faff,  in  the  moft  common  and  fimple  cafes. 
Thus,  if  a double  convex  glafs  be  held  upright  before 
fome  luminous  objeci,  as  a candle,  there  will  be  feen 
two  images,  one  eredt,  and  the  other  inverted  ; the  firft 
is  made  fimply  by  reflexion  from  the  neareft  furface  ; 
the  fecond  by  reflexion  from  the  farther  furface,  the 
rays  undergoing  a refradtlon  from  the  firft  furface  both 
before  and  after  the  reflexion.  If  this  glafs  has  not  too 
iliort  a focal  diftance,  when  it  is  held  near  the  objedl, 
the  inverted  image  will  appear  larger  than  the  other, 
and  alfo  nearer;  but  if  the  glafs  be  carried  off  from  the 
objedl,  though  the  eye  remain  as  near  to  it  as  before, 
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the  inverted  image  will  be  diminiftied  fo  much  Fader 
than  the  other,  that  at  length  it  will  appear  much  lefs 
than  it,  but  ftill  nearer.  Here,  fays  Mr.  Robins,  two 
images  of  the  fame  objedf  are  feen  under  one  view,  and 
their  apparent  diftances  immediately  compared  ; and  it 
is  eMdenc  that  thofe  diftances  nave  no  neceffary  connex- 
ion with  the  apparent  magnitude.  This  experiment 
may  be  made  ftill  more  convincing,  by  fticking  a piece 
of  paper  on  the  middle  of  the  lens,  and  viewing  it 
through  a Ihort  tube.  He  obferves  farther,  that  the 
apparent  magnitude  of  very  dillant  objeHs  is  nticher 
detei  mined  by  the  magnitude  of  the  angle  only  under 
which  they  are  feen,  nor  is  the  exadl  proportion  of  that 
angle  compared  with  tlieir  true  diftance,  but  is  com- 
. pounded  alfo  with  a deception  concerning  that  diftance ; 
fo  that  if  we  had  no  idea  of  difterence  111  the  diftance 
of  objedls,  each  would  appear  in  magnitude  propor- 
tional to  the  angle  under  which  it  was  feen  ; and  if  our 
apprehenfion  of  the  diftance  were  always  juft,  our  idea 
of  their  magnitude  would  be  unvaried,  in  all  diftances; 
but  in  proportion  as  we  err  in  our  conception  of  their 
diftance,  the  greater  angle  fuggefts  a greater  magni- 
tude. By  not  attending  to  this  compound  effedl,  Mr. 
Robins  apprehends  that  Dr.  Smith  was  led  into  his  mif- 
take. 

Dr.  Porterfield  has  made  feveral  remarks  on  the  five 
methods  of  judging  concerning  the  diftance  of  objects 
above  recited  from  M.  De  la  Hire  ; and  he  has  alfo 
added  to  them  one  more,  viz,  the  conformation  of 
each  eye.  See  K/rrZ?  Dissipation.  This,  he  fays, 
can  be  of  no  ufe  to  us,  with  refpeft  to  objedts  that  are 
placed  without  the  limits  of  dillindt  vifioii.  But  the 
greater  or  lefs  confulion  with  which  the  objedt  appears, 
as  it  is  more  or  lefs  removed  from  thofe  limits,  will  af- 
fift the  mind  in  judging  of  its  diftance  : the  more  con- 
fufed  it  appears,  the  farther  will  it  be  thought  diftant. 
However,  this  confulion  has  its  limits  ; for  when  an 
objedl  is  placed  at  a certain  diftance  from  the  eye,  to 
which  the  breadth  of  the  pupil  bears  no  fenfible  propor- 
tion, the  rays  proceeding  from  a point  in  the  objedt  may 
be  confidered  as  parallel  ; in  which  cafe,  the  picture  on 
the  retina  will  not  be  fenfibly  more  confufed,  though 
the  objedt  be  removed  to  a much  greater  diftance.  The 
moft  univerfal,  and  often  the  moft  fure  means  of  judg- 
ing of  the  diftance  of  objedts,  he  fays,  is  the  angle 
made  by  the  optic  axes  : our  two  eves  are  like  two 
different  ftations,  by  the  afiiftance  of  whicli,  diftances 
are  taken  ; and  this  is  the  reafon  why  thofe  perfons 
who  have  loft  the  figlit  of  one  eye,  fo  frequently  mifs 
their  mark  in  pouring  liquor  into  a glafs,  fiiufhng  a 
candle,  and  fuch  otlier  adtions  as  require  that  the  dif- 
tance be  exadtly  diftinguiflied.  With  refpedt  to  tlie 
method  of  judging  by  the  apparent  magnitude  of  ob- 
jedfs,  he  obferves  that  this  can  only  ferve  when  we  are 
othervvife  acquainted  with  their  real  magnitude.  Thus 
he  accounts  for  the  deception  to  whicli  we  are  liable  in 
eftimating  diftances,  by  any  extraordinary  magnitudes 
that  terminate  them  ; as,  in  travelling  towards  a large 
city,  caftle,  or  cathedral,  we  fancy  they  are  nearer  than 
they  really  are.  Hence  alfo,  animals  and  fmall  objedts 
feen  in  a valley  contiguous  to  large  mountains,  or  on 
the  top  of  a mountain  or  high  building,  appear  exceed- 
ingly  fmall.  Dr.  Juriii  accounts  for  the  laft  recited  phe- 
nomenon, by  obferving  that  we  have  no  diltiadt  idea  of 
3 k)  2 diftance 
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diiiance  in  tliat  oblique  dire61:ion,  and  therefore  judge 
of  them  merely  by  their  pidliires  on  the  eye. 

I3r.  Porterheld  obferves,  with  refpedl  to  the  ftrength 
of  colouring,  that  if  we  are  affured  they  are  of  a fimi- 
lar  colour,  and  one  appears  more  bright  and  lively  than 
the  other,  we  judge  that  the  brighter  objedl  is  the 
nearer.  When  the  fmall  parts  of  objects  appear  coii- 
fufed,  or  do  not  appear  at  all,  we  judge  that  they  are 
at  a great  diftance,  and  ‘vice  verfa  ; becaufe  the  image 
of  any  objedt,  or  part  of  an  objedt,  diminifhes  as  the 
diftance  of  it  increafes.  Finally,  we  judge  of  the  dif- 
tance of  objedts  by  the  number  of  intervening  bodies, 
by  which  it  is  divided  into  feparate  and  diftindl  parts  ; 
and  the  more  this  is  the  cafe,  the  greater  will  the  dif- 
tance appear.  Thus  diftances  upon  uneven  furfaces  ap- 
pear iefs  than  upon  a plane,  becaufe  the  inequalities  do 
not  appear,  and  the  whole  apparent  diftance  is  dimi- 
nifhed  by  the  parts  that  do  not  appear  in  it  : and  thus 
the  banks  of  a river  appear  contiguous  to  a diftant  eye, 
when  the  river  is  low  and  not  feen.  Accidens  de  la 
Vue,  pa.  358.  Smith’s  Optics,  vol.  i,  pa.  52,  and 
Rem.  pa.  51.  Robins’s  Tradls,  vol.  2,  pa,  230,  247, 
251.  Porterfteld  on  the  Eye,  vol.  i,  pa.  105,  vol.  ,2, 
pa.  387.  See  Prieftley’s  Hift.  of  Vifion,  pa.  205,  and 
pa.  689. 

Distance,  in  Navigation,  is  the  number  of  miles 
or  leagues  that  a ftiip  has  failed  from  any  point  or  place. 
See  Sailing. 

Line  of  Distance,  in  Per- 
fpedfive,  is  a right  line  drawm 
from  the  eye  to  the  principal 
point ; as  the  line  OF,  drawm 
between  the  eye  at  O,  and  the 
principal  point  F.  As  this  is 
perpendicular  to  the  plane,  or 
table,  it  is  therefore  the  diftance  of  the  eye  from  the 
table. 

Point  of  Distance,  in  Perfpedfive,  is  a point  in 
the  horizontal  line  at  the  fame  diftance  from  the  prin- 
cipal point,  as  the  eye  is  from  the  fame.  Such  are  the 
points  P and  in  the  horizontal  line  PQ^,  whofe  dif- 
tance from  the  principal  point  F,  is  equal  to~  that  of  the 
eye  from  the  fame  F. 

DISTINCT  Bafe,  in  Optics,  is  that  diftance  from 
the  pole  of  a convex  glafs,  at  wdiich  objedts,  beheld 
through  ii,  appear  diftindt  and  well  defined  : fo  that 
the  Diftindl  bafe  is  the  fame  with  what  is  otherwife 
called  the  focus. 

The  Diftindl  bafe  is  caufed  by  the  colledlion  of  the 
rays  proceeding  from  a fingle  point  in  the  objedl,  into 
a fingle  point  in  the  reprefentation  : and  therefore  con- 
cave glalfes,  which  do  not  unite,  but  fcatter  and  dilli- 
pate  the  rays,  can  have  no  real  Diftindl  bafe. 

Distinct  Vifion.  See  Vision. 

DITCH,  in  Fortification,  called  alfo  Fofs,  and 
Moat,  is  a trench  dug  round  the  rampart,  or  w^all  of  a 
fortified  place,  between  the  fcarp  and  counteifcarp. 

Ditches  are  eitlier  dry,  or  wet,  that  is  having  water 
in  them  ; both  of  which  have  their  particular  advan- 
tages. The  earth  dug  out  of  the  ditch  ferves  to  raife 
the  rampart. 

The  ditch  in  front  ftiould  be  of  fiich  breadth  as  that 
tall  trees  may  not  reach  over  it,  being  from  1 2 to  24 
fathoms  wide,  and  7 or  8 feet  deep.  The  ditches  on 


the  fides  are  made  fmaller.  But  the  moft  general  rule 
is  perhaps,  that  the  dimenfions  of  the  ditch  be  fuch  as 
that  the  earth  dug  out  may  be  fufficient  to  build  the 
rampart  of  a proper  magnitude.  The  fpace  fometimes 
left  between  the  rampart  and  ditch,  being  about  6 or  8 
feet,  is  called  the  herm,  or  lift,  ferving  to  pafs  and  re- 
pafs,  and  to  prevent  the  earth  from  rolling  into  the 
ditch. 

DITONE,  in  Mufic,  an  interval  comprehending 
two  tones,  a greater  and  a leis.  The  ratio  of  the 
founds  that  form  the  Ditone,  is  of  4 to  5 5 and  that  of 
the  ferni-ditone,  of  5 to  6. 

DITTON  (Humphrey),  an  eminent  mathemati- 
cian, was  born  at  Salifbury,  May  29,  1675.  Being  an 
only  fon,  and  his  father  obferving  in  him  an  extraor- 
dinary good  capacity,  determined  to  cultivate  it  with  a 
good  education.  Eor  this  purpofe  he  placed  him  in  a 
reputable  private  academy  ; upon  quitting  of  which,  he, 
at  the  defire  of  his  father,  though  againft  his  own  incli- 
nation, engaged  in  the  profeflion  of  divinity,  and  be- 
gan to  exercife  his  fundlion  at  Tunbridge  in  the  county 
of  Kent,  where  he  continued  to  preach  fome  years  j 
during  wTich  time  he  married  a lady  of  that  place. 

But  a weak  conftitution,  and  the  death  of  his  father, 
induced  Mr.  Ditton  to  quit  that  profeffion.  And  at 
the  perfuafion  of  Div  Flarris  and  Mr.  Whifton,  both 
eminent  mathematicians,  he  engaged  in  the  ftudy  of 
mathematics,  a fcience  to  which  he  had  always  a ftrong 
inclination.  In  the  profecution  of  this  fcience,  he  w^as 
much  encouraged  by  the  fiiccefs  and  applaiife  he  re- 
ceived : being  greatly  efteemed  by  the  chief  proieftbrji 
of  it,  and  particularly  by  Sir  Ifaac  Newton,  by  whofe 
intereft  and  recommendation  he  was  eledled  mafter  of 
the  new  Mathematical  School  in  Chrift’s  Hofpital  ; 
wTere  he  continued  till  his  death,  which  happened  in 
1715,  in  the  40th  year  of  his  age,  much  regretted  by 
the  philofophical  world,  who  exnedted  many  iifefiil  and 
ingenious  difeoveries  from  his  aillduity,  learning,  and 
penetrating  genius. 

Mr.  Ditton  publifhed  feveral  mathematical  and  other 
tratls,  as  below. — i.  Of  the  Tangents  of  Curves,  &c. 
Philof.  Tranf,  vol.  23. 

2.  A Treatife  on  Spherical  Caiopti-ics,  publiflied  in 
the  Philof.  Tranf.  for  1705  ; from  whence  it  was  co- 
pied and  reprinted  in  the  A6la  EiTiditoriim  1707,  and 
alfo  in  the  Memoirs  of  the  Academy  of  Sciences  at 
Paris. 

3.  Generc.l  Laws  of  I'dature  and  Motion:  8vo,  1705. 
Wolfius  mentions  this  work,  and  fays,  that  it  illuftrates 
and  renders  eafy  the  writings  of  Galileo,  Huygens, 
and  the  Principia  of  Newton.  It  is  alio  noticed  by 
La  Roche,  in  the  Memoires  de  Literature,  vol.  8, 
pa.  46. 

4.  An  IrJIitution  of  Fluxions,  containing  the  frjl  Pr:n~ 
eiples.  Operations,  and  Applications,  of  that  admirable 
Method,  as  invented  by  Sir  Ifaac  Newton  ; 8vo,  1706. 
This  work,  with  additions  and  alterations,  was  again 
piiblifiied  by  Mr.  John  Clarke,  in  tlie  year  1726. 

5.  In  1709  he  publifhed  the  Synopfis  Algebraica  of 
John  Alexander,  with  many  additions  and  corrections. 

6.  Flis  Treatife  on  PerfpeSlive  v/as  publifhed  in  1712. 
In  this  v/ork  he  explained  the  principles  of  that  art 
mathematically ; and  befides  teaching  the  methods 
then  generally  praCtifed,  gave  the  firft  hints  of  the  new 
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jnethod  afterward  enlarged  upon  and  improved  by  Dr. 
Brook  Taylor  ; and  which  was  publifhed  in  the  year 

1715. 

7,  In  1714,  Mr.  Ditton  publifhed  feveral  pieces, 
both  theological  and  mathematical;  particularly  his 
D 'lfcourfe  on  the  Refurre^Aon  of  Jefus  Chrijl ; and  The 
Nenu  La'zu  of  Fluids,  or  a Difcourfe  concerning  the  Rf- 
cent  of  Liquids,  in  exa8  Geometrical  Figures,  between 
two  nearly  contiguous  Surfaces.  To  this  was  annexed  a 
tradt,  to  demonftrate  the  impoffibility  of  thinking  or 
perception  being  the  refult  of  any  combination  of  the 
parts  of  matter  and  motion  : a iubjedt  much  agitated 
about  that  time.  To  this  work  alfo  was  added  an  ad- 
vertifement  from  liim  and  Mr.  Wliillon,  concerning  a 
method  for  difcovering  the  longitude,  which  it  feems 
they  had  piibliflied  about  half  a year  before.  This  at- 
tempt probably  coll  our  author  his  life  ; for  although  it 
was  approved  and  countenanced  by  Sir  Ifaac  Newton, 
before  it  w’as  prefented  to  the  Board  of  Longitude,  and 
the  method  has  been  fuccefsfully  put  in  practice,  in 
finding  the  longitude  between  Paris  and  Vienna,  yet 
that  Board  then  determined  againft  it  : fo  that  the  dif- 
appointment,  together  wuth  fome  public  ridicule  (par- 
ticularly in  a poem  w'ritten  by  Dean  Swift),  affedled 
his  health,  fo  that  he  died  the  tnfuing  year,  1715. 

In  an  account  of  Mr.  Ditton,  prefixed  to  the  German 
tranflation  of  his  Difcourfe  on  the  Refurre6fion,  it  is 
faid  that  he  had  publifhed,  in  his  own  name  only,  ano- 
ther method  for  finding  the  longitude  ; but  which  Mr. 
Whifton  denied.  How'ever,  Raphael  Levi,  a Icarneel 
Jew,  who  had  lludied  under  Leibnitz,  informed  the 
Gcrm.an  editor,  that  he  w'ell  knew  that  Ditton  and 
Leibnitz  had  correfponded  upon  the  fubje6f  ; and  that 
Ditton  had  fent  to  Leibnitz  a delineation  of  a machine 
he  had  invented  for  that  purpofe  ; which  w'as  a piece 
of  mcchanifm  conflrucfed  with  many  w’heels  like  a 
clock,  and  wdiich  Leibnitz  highly  approved  of  for  land 
life  ; but  doubted  wdiether  it  would  anfwcr  on  fhip- 
board,  on  account  of  the  motion  of  the  fhip. 
DIVERGENT  P^/W.  See  P/LW  Focus. 

Divergent,  or  Diverging  IjAics^  in  Geometry, 
are  thofe  whofe  diilance  is  continually  increafing.' — 
lunes  wdiich  diverge  one  wT.y,  converge  the  other 
way. 

Divergent,  or  Diverging,  in  Optics,  is  paiticii- 
larly  applied  to  rays  wdiich,  ifiiiing  from  a radiant  point, 
or  having,  in  theii  pafiage,  undergone  a refraPion,  or  re- 
flexion, do  continually  recede  farther  from  each  other. 

In  this  fenfe  the  word  is  oppofed  to  convergent, 
which  implies  that  the  rays  approach  each  other,  or 
that  they  tend  to  a centre,  wdiere  they  interfe6f,  and, 
being  continued,  go  on  diverging.  Indeed  all  inter- 
feCting  rays,  or  lines,  diverge  both  w^ays  from  the  cen- 
tre, or  point  of  interfedfion. 

Concave  glafl'es  render  the  rays  diverging  ; and  con- 
vex ones,  converging. — Concave  mirrors  make  the  rays 
converge  ; and  convex  ones,  diverge. — It  is  demon- 
firated  in  Optics,  that  as  the  diameter  of  a pretty  large 
pupil  does  not  exceed  -f  of  a digit;  diverging  rays, 
flowing  from  a radiant  point,  will  enter  the  pupil  as 
parallel,  to  all  intents  and  purpofes,  if  the  difiance  of 
the  radiant  from  the  eye  amount  to  40,000  feet.  See- 
Focus,  Light,  andVisiON. 

Diverging  Hyperbola,  is  one  wliofe  legs  tui’m 


their  convexities  toward  each  others  an^  run  out  quite 
contrary  ways.  See  Hyperbola. 

Diverging  Parabola,  Diverging  Parabola. 

DIVIDEND,  in  Arithmetic,  is  the  number  given 
to  be  divided  by  fome  other  number,  called  tlx^dlvfor. 
Or  it  is  the  number  given  to  be  divided,  or  feparated, 
into  a certain  number  of  equal  parts,  viz.  as  many  as  the 
divifor  contains  units  ; and  the  number  of  fuch  equal 
parts  is  called  the  quotient.  Or,  more  generally,  the 
dividend  contains  the  divifor,  as  many  times  as  the  quo- 
tient contains  unity. 

The  D ividend  is  the  numerator  of  a fra6lion,  wliofe 
denoniHiator  is  the  divifor,  and  the  quotient  is  the  value 
of  the  fraClion.  Thus,  | ~ 4,  and  | rr=  *75. 

DIVIDUAL.  By  this  name  fome  authors  diflln- 
giiifh  the  feveral  parts  of  a dividend,  from  w'hich  each 
feparate  figure  of  the  quotient  is  found. 

DIVING,  the  art,  or  act  of  dtfeending  under  wa- 
ter, to  confiderable  depths,  and  remaining  there  a com- 
petent time. 

The  ufes  of  Diving  are  veiy  confiderable,  particularly 
in  the  fifhing  for  pearls,  corals,  fponges,  &:c. 

Various  methods  have  been  propofed,  and  engines 
contrived,  to  render  the  bufinefs  of  diving  more  iafe 
and  cafy.  'Bhe  great  point  in  all  thefe,  is  to  furniflr 
the  diver  \Vith  frefh  air,  witliout  which  he  mufl  either 
make  but  a fnort  flay,  or  pcilfh. 

Thofe  wlio  dive  for  fponges  in  the  Mediterranean, 
help  themfelves  by  carrying  down  fponges  dipt  in  oil  in 
their  mouths.  But  confidering  the  fmall  quantity  of  air 
that  can  be  contained  in  the  pores  of  a fjionge,  and' 
how  much  that  little  will  be  cont rafted  by  the  preffure 
of  the  incumbent  water,  fuch  a fupply  cannot  long  fub* 
fill  the  diver.  ' For  it  is  found  liy  experiment,  that  a 
.gallon  of  aiiTncluded  in  a bladder,  and  by  a pipe  reci- 
procally infpiredand  expired  by  the  lungs,  becomes  un* 
fit  for  refpiratien  in  little  more  than  one  minute  of  time. 
For  thouErh  its  elaflicitv  be  but  little  altered  in  paffiiivg 
tlie  lungs,  yet  it  lofes  its  vivifying  fpirit,  and  is.  rendered 
effete.  In  effefl,  a naked  diver.  Dr.  Halley  allures  us, 
without  a fponge,  cannot  remain  above  two  minutes 
inclofed  in  wale*)-;  nor  mucli  longer  with  oik%  without 
fuffbeating  ; nor  witliout  long  praflice,  near  fo  long  ; 
ordinary  pevfons  beginning  to  he  filfocaUd  in  about 
half  a minute.  ILlidcs,  if  the  depth  be  confiderable,, 
the  preffure  of  tlic  waiter  on  the  velfels  makes  tlie  eycr. 
blood  ihotten,  and  frcrpicnlly  occafioiis  a fpitting  ih' 
blood,  j'lence,  where  there  has  been  occauon  to  coa* 
tinue  loii'-^  at  the  bottom,  fome  have  contrived  dou. 
ble  flexible  pipes,  to  circulate  air  down  into  a cav:tw 
inclofmg  the  diver,  as  with  armour,  both  to  furnilh  air. 
and  to  bear  off  the  prtiTure  of  the  water,  and  give  leave- 
to  his  breall  to  dilate  upon  infpiralion  ; the  frefli  air 
being  forced  down  one  oi:  the  pipes  with  bellows,  and 
returninp-  bv  tlic  other,  not  unlike  to  an  artery,  and 
vtin. 

But  this  method  is  irnpraclicablc  when  the  depth  ex 
ceeds  three  fathoms ; the  water  embracing  the  barf 
limbs  fo  clofely,  as  to  obflrufl  tlie  circulation  of  the 
blood  in  tliem  ; and  withal  preffing  fo  flrongly  on  all 
thejunflures  where  tlie  armour  is  made  tight  with  lea- 
ther ; that  if  there  be  the  Icall  defect  in  any  of  them, 
the  waiter  riifhes  in,  and  inflantly  fills  the  whole  engine, 
to  the  great  dimgcr  of  the  diver’s  life. 

DiVIN€-» 


D 1 V 


D I V 


r 390  ] 


‘DiviNG-^d’//,  is  a machine  (xintrived  to  remedy  all  thefe 
jnconveniencies.  In  this  the  diver  is  fafely  conveyed 
'to  any  rcafonable  depth,  and  may  Hay  more  or  lefs 
time  under  the  v/ater,  as  the  bell  is  greater  or  lefs.  It 
is  moll  conveniently  made  in  form  of  a truncated  cone, 
the  fmalleft  bafe  being  clofed,  and  the  larger  open.  It 
is  to  be  poifed  with  lead,  and  fo  fufpended,  that  it  may 
fink  full  of  air,  with  its  open  bafis  downward,  and  as 
near  as  may  be  in  a fituation  parallel  to  the  horizon,  fo 
as  to  clofe  with  the  furface  of  the  water  all  at  once. 

Under  this  covercle  the  diver  fitting,  finks  down 
with  the  included  air  to  the  depth  dcfired  ; and  ii  the 
cavity  of  the  velfel  can  contain  a ton  of  water,  a fingle 
man  may  remain  a full  hour,  without  much  inconveni- 
ence, at  live  or  fix  fathoms  deep.  But  the  lower  he 
goes.  Hill  the  more  the  included  air  contracts  itfelf,  ac- 
cording to  the  weight  of  the  water  that  compreffes  it  ; 
fo  that  at  thirty-three  feet  deep,  the  bell  becomes  half 
full  of  water  ; the  prelfure  of  the  incumbent  water  being 
then  equal  to  that  of  the  atmofphere  ; and  at  all  other 
clepths,  the  fpnee  occupied  by  the  comprelfed  air  in  the 
.upper  part  of  its  capacity,  is  to  the  fpace  filled  "with 
water,  as  thirty-three  feet  to  the  depth  of  the  furface  of 
the  water  in  the  bell  below  the  common  furface  of  it. 
And  this  condenfed  air,  being  taken  in  with  the  breath, 
foon  infmuates  itfelf  into  all  the  cavities  of  the  body, 
<ind  has  no  ill  effedl,  provided  the  bell  be  permitted  to 
defeend  fo  fiowly  as  to  allow  time  for  that  purpofe. 

One  inconvenience  that  attends  it,  is  found  in  the 
ears,  within  which  there  are  cavities  which  open  only 
outwards,  and  that  by  pores  fo  fmall,  as  not  to  give  ad- 
miffion  even  to  the  aii  itfelf,  unlefs  they  be  dilated  and 
cliilended  by  a confiderable  force.  Hence,  on  the  firll 
defeent  of  the  bell,  a prelfure  begins  to  be  felt  on  each 
car,  which,  by  degrees,  grows  painful,  till  the  force 
overcoming  the  obftacle,  what  conllringes  thefe  pores, 
yields  to  the  prelfure,  and  letting  fome  condenfed  air 
flip  in,  prefently  eafe  enfues.  The  bell  defeending 
lower,  the  pain  is  renewed,  and  afterwards  it  is  again 
cafed  in  the  fame  manner.  But  the  greatell  inconveni- 
ence of  this  engine  is,  that  the  water  entering  it,  con- 
tracts the  bulk  of  air  into  fo  fmall  a compafs,  that  it 
foon  heats,  and  becomes  unfit  for  refpiration  : fo  that 
there  is  a necellity  for  its  being  drawn  up  to  recruit  it  ; 
befides  the  uncomfortable  abiding  of  the  diver,  who 
is  almofi.  covered  with  water. 

To  obviate  the  difficulties  of  the  diving-bell.  Dr. 
Halley,  to  wdiom  we  owe  the  preceding  account,  con- 
trived fome  further  apparatus,  by  which  not  only  to 
recruit  and  refrelh  the  air  from  time  to  time,  but  alfo 
to  keep  the  water  wholly  out  of  it  at  any  depth  j which 
he  effected  after  the  following  manner  : 

His  diving-bell  (plate  vii,  fig.  6.)  was  of  wood,  three 
feet  wide  at  top,  five  feet  at  bottom,  and  eight  feet 
high,  containing  about  fixty-three  cubic  feet  in  its  con- 
cavity, coated  externally  with  lead  fo  heavy,  that  it 
would  fink  empty;  a particular  wHght  being  diftributed 
about  its  bottom  R,  to  make  it  defeend  perpendicularly, 
and  no  otherwife.  In  the  top  was  fixed  a menifeus 
glafs  D,  concave  downw'^ards,  like  a wundo\y,  to  let  in 
light  from  above  ; with  a cock,  as  at  B,  to  let  out  the 
hot  air  ; and  a circular  feat,  as  at  LM,  for  the  divers 
to  fit  on  : and,  below,  about  a yard  under  the  bell,  was 
3,  fta^e  fufpended  from  it  by  three  ropes,  each  charged 


with  a hundred  weight,  to  keep  it  ffeady,  and  for  the 
divers  to  ftand  upon  to  do  their  bufinefs.  The  ma- 
chine was  fufpended  from  the  mall  of  a fiiip  by  a fprit, 
wff.ich  was  fecured  by  ffays  to  the  maft-head,  and  v/as 
directed  by  braces  to  carry  it  overboard  clear  of  the  fide 
of  the  fhip,  and  to  bring  it  in  again. 

To  fupply  air  to  this  bell  when  under  water,  he  had 
a couple  of  barrels,  as  C,  holding  thirty-fix  gallons 
each,  cafed  with  lead,  fo  as*  to  fink  empty,  each  having 
a bung-hole  at  bottom,  to  let  in  the  water  as  they 
defeended,  and  let  it  out  again  as  they  w^ere  drawn  up. 
In  the  top  of  the  barrels  rvas  another  hole,  to  which’ 
was  fixed  a leathern  pipe,  or  hole,  w^ell  prepared  v/ith 
bees  y/ax  and  oil,  long  enough  to  hang  beiov/  the  bung- 
hole  ; being  kept  dowm  by  a w^eight  appended.  So 
that  the  air  driven  to  the  upper  part  of  the  barrel  by 
the  encroachment  of  the  winter,  in  the  defeent,  could 
not  efcape  up  this  pipe,  unlefs  the  lower  end  v,- ere  lifted 
up. 

Thefe  air-barrels  w^ere  fitted  with  tackle,  to  m.ake 
them  rife  and  fall  alternately,  like  two  buckets  ; being 
directed  in  their  defeent  by  lines  faffened  to  the  under 
edge  of  the  bell : fo  that  they  camie  readily  to  the  hand 
of  a man  placed  on  the  ftage,  to  receive  them  ; and  wffio 
taking  up  the  ends  of  the  pipes,  as  foon  as  they  cam^c 
above  the  furface  of  the  water  in  the  barrels,  all  the 
air  included  in  the  upper  part  of  it  was  blown  forcibly 
into  the  bell ; the  water  taking  its  place. 

One  barrel  thus  received,  and  emptied  ; upon  a fig* 
nal  given,  it  was  drawn  up,  and  at  the  fame  time  the 
other  let  dowm  ; by  vffiich  alternate  fucceffion,  freffi 
air  was  furnifl'ied  fo  pientifiilljq  that  the  learned  DoCtor 
himfelf  was  one  of  five,  who  were  all  together  in  nine 
or  ten  fathoms  deep  of  water  for  above  an  hour  and  a 
half,  without  the  leaft  inconvenience  ; the  whole  cavity 
of  the  bell  being  perfectly  dry. 

All  the  precaution  he  obferved,  was,  to  be  let  down 
gradually  about  twelve  feet  at  a time,  and  then  to 
Hop,  and  drive  out  the  wxater  that  had  entered,  by 
taking  in  three  or  four  barrels  of  freffi  air,  before  he 
defeended  farther.  And,  being  arrived  at  the  depth 
intended,  he  let  out  as  much  of  the  hot  air  that  had 
been  breathed,  as  each  barrel  would  replace  wdth  cold, 
by  means  of  the  cock  B,  at  the  top  of  the  bell,  through 
whofe  aperture,  though  very  fmall,  the  air  would  ruffi 
with  fo  much  violence,  as  to  make  the  furface  of  the 
fea  boil. 

Thus,  he  found,  any  thing  could  be  done  that  was  re- 
quired to  be  done  underneath.  And  by  taking  off  the  ftage, 
he  could,  for  a fpace  as  wide  as  the  circuit  of  the  bell,  lay 
the  bottom  of  the  fea  fo  far  dry  as  not  to  be  over  fiioes 
in  water.  Befides,  by  the  glafs  wdndow  fo  much  light 
was  tranfmitted,  that,  when  the  fea  was  clear,  and 
efpecially  when  the  fun  flione,  he  could  fee  perfectly 
well  to  write  or  read,  much  more  to  fallen,  or  lay  hold 
of  any  thing  under  him  that  was  to  be  taken  up.  And 
by  the  return  of  the  air  barrel  he  often  fent  up  orders 
written  with  an  iron  pen  on  a plate  of  lead,  directing 
how  he  w ould  be  moved  from  place  to  place. 

At  other  times,  when  the  water  was  troubled  and 
thick,  it  would  be  as  dark  as  night  below  ; but  in  fuch 
caies  he  was  able  to  keep  a candle  burning  in  the  bell. 

Dr.  Halley  obferves,  that  they  were  fubjeCt  to  one 
inconvenience  in  this  bell ; they  felt  at  firft  a fmall  pain 
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In  their  ears,  as  if  the  end  of  a tobacco  pipe  were 
thrull  into  them  ; but  after  a little  while  there  was  a 
fmall  puff  of  air,  with  a little  noife,  and  they  were  eafy. 

This  he  fuppofes  to  be  occafioned  by  the  condenfed 
air  {hutting  up  a valve  leading  from  fome  cavity  in  the 
ear,  full  of  common  air  ; but  when  the  con,denfed  air 
preffed  harder,  it  forced  the  valve  to  yield,  and  filled 
every  cavity.  One  of  the  divers,  in  order  to  prevent 
this  preffure,  hopped  his  ear  with  a pledget  of  paper  ; 
which  was  puflied  in  fo  far,  that  a furgeon  could  not 
extraft  it  without  great  difficulty. 

The  fame  author  intimates,  that  by  an  additional  con- 
trivance he  has  found  it  praAicable  for  a diver  to  go 
out  of  the  bell  to  a good  dillance  from  it ; the  air  being 
conveyed  to  him  in  a continued  ftream  by  fmall  flexible 
pipes,  which  ferve  him  as  a clue  to  diredt  him  back 
again  to  the  bell.  For  this  purpofe,  one  end  of  thefe 
pipes,  kept  open  againfl  the  preffure  of  the  fea,  by  a 
fmall  fpiral  wire,  and  made  tight  without  by  painted 
leather,  and  ffieep’s  guts  drawn  over  it,  being  open, 
was  faftened  in  the  bell,  as  at  P,  to  receive  air,  and 
the  other  end  was  fixed  to  a leaden  cap  on  the  man’s 
head,  reaching  down  below  his  fhoulders,  open  at  bot- 
tom, to  ferve  him  as  a little  bell,  full  of  air,  for  him  to 
breathe  at  his  work,  which  would  keep  out  the  water 
from  him,  when  at  the  level  of  the  great  bell,  becaufe 
of  the  fame  denfity  as  the  air  in  the  great  bell.  But 
when  he  ftooped  down  lower  than  the  level  of  the  great 
bell,  he  fhut  the  cock  F,  to  cut  off'  the  communication 
between  the  two  bells.  Phil.  Tranf.  abr.  vol.  iv.  part 
ii.  p.  188,  &c.  vol.  vi,  p.  550,  See. 

The  air  in  this  bell  would  ferve  him  for  a minute  or 
two ; and  he  might  inftantly  change  it,  by"  railing 
himfelf  above  the  great  bell,  and  opening  the  cock  F. 
The  diver  was  furnifhed  with  a girdle  of  large  leaden 
weights,  and  clogs  of-lead  for  the  feet,  which,  with 
the  Aveight  of  the  leaden  cap,  kept  him  firm  on  the 
ground  ; he  was  alfo  well  clothed  with  thick  flannels, 
which  being  firfl  made  wet,  and  then  warmed  in  the 
bell  by  the  heat  of  his  body,  kept  off  the  chill  of  the 
cold  water  for  a confiderablc  time,  when  he  was  out  of 
the  bell. 

Mr.  Martin  Triewald,  F.  R.  S.  and  military  archi- 
tect to  the  king  of  Sweden,  contrived  to  conflruct  a 
diving-bell  on  a fmaller  fcale,  and  lefs  expence,  than 
that  of  Dr.  Halley,  and  yet  capable  of  anfwering  the 
fame  intents  and  purpofes.  This  bell,  AB  (fig.  7.) 
finks  with  leaden  weights  DD,  fufpended  from  the 
bottom  of  it.  It  is  made  of  copper,  and  tinned  all  over 
on  the  infide  ; three  ftrong  convex  leiifes  GOG,  de- 
fended by  the  copper  lids  HFIH,  illuminate  this  bell. 
The  iron  plate  E lerves  the  diver  to  ftand  upon,  when 
he  is  at  work  ; this  is  fufpended  by  chains  FFF,  at  fuch 
a diftance  from  the  bottom  of  the  bell,  that  when  he 
ftands  upright,  his  head  is  jull  above  the  water  in  the 
bell,  where  he  has  the  advantage  of  air  fitter  for  refpf- 
ration,  than  when  he  is  much  higher  up  ; but  as  there 
is  occafion  for  the  diver  to  be  wholly  in  the  bell,  and 
confequently  his  head  in  the  upper  part  of  it,  Mr.  Trie- 
wald has  contrived,  that,  even  there,  after  he  has 
breathed  the  hot  air  as  long  as  he  well  can,  by  means  of 
a fpiral  copper  tube  placed  clofe  to  the  infide  of  the 
bell,  he  may  draw  the  cooler  and  frefher  air  from  the 
low^ermofi  parts  j for  which  purpofe  a flexible  leather 


pipe,  about  twm  feet  long,  is  fixed  to  the  upper  end  of 
the  tube  at  b ; and  to  the  other  end  of  the  pipe  is 
faftened  an  ivory  mouth-piece,  for  the  diver  to  hold  in 
his  mouth,  by  wffiich  to  refpire  the  air  from  below.  We 
fliall  only  remark,  that  as  air  rendered  effete  by  refpi- 
ration  is  fomiewhat  heavier  than  common  air,  it  muft 
naturally  fubfide  in  the  bell  ; but  it  may  probably  be 
reftored  by  the  agitation  of  the  fea-water,  and  thus  be- 
come fitter  for  refplration.  See  Fixed  Air.  Phil.  Tranf. 
abr.  vol.  viii.  p.  634.  Or  Defaguliers’s  Exper.  Phil.  voL 
ii.  p.  220,  &:c. 

The  famous  Corn.  Drebell  had  an  expedient  in  fome- 
refpeCls  fuperior  even  to  the  diving  bell,  if  what  is  re- 
lated of  it  be  true.  He  contrived  not  only'  a velfel  to 
be  rowed  under  w^ater,  but  alfo  a liquor  to  be  carried  in. 
the  veffel,  w'hich  fupplied  the  place  of  frefh  air. 

d'he  veflel  was  made  for  kingjames  I.  carrying  tw-elve 
rowers,  befides  the  paffengers.  It  w'as  tried  in  the 
river  Thames  ; and  one  of  the  perfons  in  that  fubmarine 
navigation,  then  living,  told  it  one,  from  whom  Mr. 
Boyde  had  the  relation. 

As  to  the  liquor,  Mr.  Boyle  afliires  us,  he  difeovered 
by  a phyfician,  w’ho  married  Drebell’s  daughter,  that 
it  was  ufed  from  time  to  time,  when  the  air  in  that 
fubmarine  boat  was  clogged  by  the  breath  of  the  com- 
pany, and  rendered  unfit  for  refpiration  : at  which  time, 
by^  unftopping  the  veffel  full  of  this  liquor,  he  could 
fpeedily  reftore  to  the  troubled  air  fuch  a proportion  of 
vital  parts,  as  wmiild  make  it  ferve  again  a good  wdiile. 
The  fecret  of  this  liquor  Drebell  would  never  difclofc 
to  above  one  perfon,  who  himfelf  allured  Mr.  Boyle 
what  it  was.  Boyle’s  Exp.  Pliyf.  Mech.  of  the  Spring 
of  tlie  Air. 

We  have  had  many  projedls  of  diving  machines,  and' 
diving  flups  of  various  kinds,  which  have  proved  abor- 
tive. 

DiviNG-.Z)/r?A/rr,  a term  ufed  bv  Borelli  for  a ma- 
chine  which  he  contrived  for  diving  under  the  water  to 
great  depths,  vrith  great  facility,  which  he  prefers  to  the 
common  diving-bell.  The  vefica,  or  Iftadder,  as  it  is  ufu- 
ally  called,  is  to  be  of  brafs  or  copper,  and  about  two 
feet  in  diameter.  * This  is  to  contain  the  diver’s  head, 
and  is  to  be  fixed  to  a goat’s  Ikin  habit,  exadly  fitted  to 
the  fhape  of  the  body  of  the  perfon.  Within  this- 
vcfica  there  are  pipes,  by  means  of  which  a circulation 
of  air  is  contrived  ; and  the  perion  carries  an  air  pump 
by  his  fide,  by  means  of  which  h.e  may  make  liimfelf 
heavier  or  lighter,  as  the  fillies  do,  by' 'contracting  or 
dilating  their  air  bladder  : by  this  means,  the  objections 
all  other  diving  machines  are  liable  to  are  obviated, 
and  particularly  that  of  the  air  ; the  moifture  by  which 
it  is  clogged  in  refpiration,  and  by  w'hich  it  is  rendered 
unfit  for  the  fame  ufe  again,  being  here  taken  from  it 
by  its  circulation  through  the  pipes,  to  the  fides  of 
which  it  adheres,  and  leaves  the  air  as  free  as  before^ 
Borelli  Opera  Pofthuma. 

DIVISIBILITY,  a property  in  quantity,  bodv,  or 
extenlion,  by  wftiich  it  becomes  feparable  into  parts  ; 
either  aftually,  or  at  leaft  mentally. 

Such  divilibility  is  infinite,  if  not  aClually^,  at  leaft 
potentially  ; for  no  part  can  be  conceived  fo  fmall,  but 
another  may  be  conceived  ftill  fmaller ; for  every  part 
of  matter  muft  have  fome  finite  extenfion,  and  that  ex- 
tenfion  may  be  bifeCted,  or  otherAvlfe  divided  ; for  the 
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fame  yeafon,  tKefc  parts  may  be  divided  again,  and  fo 
on  v\'ithout  end. 

We  are  not  liere  contending  For  the  poffihility  of  an 
aftnal  divifion  in  iji/iniium  : it  is  only  alierted  that  how- 
ever finall  a body  is,  it  may  be  iliil  farther  divided  ; 
which  it  is  prefuined  may  be  called  a divifion  m injini- 
iunij  becaide  what  has  no  limits,  is  called  injinif-e. 

The  infinite,  or  iiidehuite  divh'ibjhty  of  mathemath 
ral  quantity  is  tlius  proved,  and  illullrated  by  rnathe' 
jnaticians  ; Suppofe  a line  AD 
perpendicular  to  BF ; and  an- 
other as  GH  alfo  perpendicular 
to  the  fame  BF  ; with  the  cen- 
tres C,  C,  C,  &c,  and  diftanccs 
CA,  CA,  &C5  deferibe  circles 
cutting  the  line  GFI  in  the  points 
r,  r,  &c.  Now^j  the  greater  the 
radius  AC  is,  the  lefs  is  the  part 
cG  ; but  the  radius  may  be  aug- 
mented in  infinitum,  and  tliere- 
fore  the  part  eG  may  be  dimi- 

niihed  in  the  fame  manner ; and  yet  it  can  never  be  re- 
duced to  nothing,  becaufe  the  circle  can  never  coin- 
cide with  the  right  line  BF.  Confequently  the  parts 
•of  any  magnitude  may  be  diminifhed  in  infinitum. 

All  that  is  fuppofed,  in  ftricl  geometry,  concerning 
the  divifibility  of  magnitude,  amounts  to  no  more,  than 
■that  a given  magnitude  may  be  conceived  as  divided 
into  a number  of  parts,  equal  to  any  given  or  propofed 
number. 

It  is  true  that  there  are  no  fuch  things  as  parts  in- 
finitely finall;  ymt  the  fubtiity  of  the  particles  of  feveral 
bodies  is  fuch,  that  they  far  furpafs  our  conception  ; 
raid  there  are  innumierahle  inilances  in  nature  of  fuch 
parts  actually  feparated  from  one  another. 

Several  inftances  of  this  are  given  by  Mr.  Boyle. 
He  fpeaks  of  a filken  thread  300  yards  long,  that 
weighed  but  two  grains  and  a half.  He  meafured 
leaf-gold,  and  found  by  weighing  it,  that  50  fquare 
inches  weighed  but  one  grain  : if  the  length  of  an  inch 
be  divided  into  200  parts,  the  eye  may  diltinguifh  them 
all ; therefore  in  one  fquare  inch  there  are  40,000  vifi- 
ble  parts  ; and  in  one  grain  of  it  there  are  two  millions 
of  fuch  parts  ; which  vifible  parts  no  ©ne  wall  deny  are 
Hill  farther  divifible. 

Again,  an  ounce  weight  of  filver  may  be  gilt  over 
with  8 grains  of  gold,  which  may  be  afterwards  drawn 
into  a wire  13,000  feet  long,  and  iliil  be  all  covered 
with  the  fame  gilding. 

In  odoriferous  bodies  a ftill  greater  fubtiity  of  parts 
is  perceived,  and  even  fuch  as  are  actually  feparated 
from  one  another  : feveral  bodies  fcarce  lofe  any  fenfi- 
ble  part  of  their  weight  in  a long  time,  and  yet  conti- 
nually fill  a veiy  large  fpace  with  odoriferous  particles. 
Dr.  K\;il,  in  his  Vera  Phyfica,  Tedl.  5,  has  calcu- 
lated the  magnitude  of  a particle  of  Aifafcetida,  which 
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inch.  And  in  the  fame  Ledture  he  fiiews  that  the  parti- 
cles of  the  blood  in  animalciilae,  obferved  in  fluids  by 
means  of  microfeopes,  muft  be  lefs  tlian  that  part  of  a 
cubic  inch  which  is  expreiTed  by  a fradlion  whofe  numera- 
tor is  8,  and  denominator  unity  with  30  ciphers  after  it. 


The  particles  of  light,  if  light  con  fill  of  real  parti- 
cles, furnifh  another  iurpriiing  in  (lance  of  t he  minute- 
nefs  of  feme  parts  of  matter.  A final  1 lighted  candle 
placed  on  a plain,  will  be  vifible  two  miles,  and  confe- 
quently its  light  fills  a fphere  of  4 miles  diameter,  be- 
fore it  has  loft  any  fenfible  part  of  its  weight.  Now, 
as  the  force  of  any  body  is  dire<?dy  in  proportion  to  its 
quantity  of  matter  multiplied  by  its  velocity  ; and  fmee 
it  is  demonftrated  that  the  velocity  of  the  particles  of 
liglit  is  at  leaft  a million  of  times  greater  than  the  ve- 
locity of  a cannon-ball,  it  is  plain,  that  if  a mfillion  of 
thefe  particles  were  round,  and  of  the  fize  of  a fmall 
grain  of  fand,  we  durft  no  more  open  our  eyes  to  the 
light,  than  expofe  them  to  fand  fliot  point-blank  from 
a cannon. 

By  help  of  microfeopes,  fuch  objecls  as  would  other- 
wife  efcape  our  fight,  appear  very  large  ; there  are 
fome  fmall  animals  fcarce  ._vifible  with  the  beft  micro- 
feopes ; and  yet  thefe  have  all  tlie  parts  neceffary  for 
life,  as  blood,  and  other  fluids.  How  wonderful  then 
muft  the  fubtiity  of  the  parts  be,  which  make  up)  fuch 
fluids  1 

Whence  is  dediicible  the  following  theorem : 

Any  particle  of  m.atter,  hov/  fmall  foever,  and  any 
finite  fpace,  how  large  foever,  being  given  ; it  is  pof- 
fible  for  that  fmall  fand,  or  particle  01  matter,  to  be 
diffufed  through  all  that  great  fpace,  and  to  fill  it  in 
fuch  manner,  as  that  there  lliall  be  no  pore  in  it,  whofe 
diameter  (hall  exceed  any  given  line  ; as  is  demonftrated 
by  Dr,  KeiL  Introdu6l.  ad  Ver.  Phyf, 

Divisible,  the  faculty  or  quality  of  being  capable 
of  being  divided. 

DIVISION,  is  one  of  the  four  principal  Rules  of 
Arithmetic,  being  that  by  which  we  find  out  how  often 
one  quantity  is  contaixied  in  another,  fo  that  Divifion 
is  in  reality  only  a compendious  method  of  Subtradlion  ; 
its  effecl  being  to  take  one  number  from  another  as 
often  as  poffible  ; that  is,  as  often  as  it  is  contained  in 
it.  There  are  therefore  three  numbers  concerned  in 
Divifion  : ill,  That  which  is  given  to  be  divided,  called 
the  dividend ; 2d,  That  by  which  the  dividend  is  to  be 
divided,  called  the  divifor  ; 3d,  That  which  expreiTes 
how  often  the  divifor  is  contained  in  the  dividend  ; or 
the  number  refulting  from  the  divifion  of  the  dividend 
by  the  divifor,  called  the  quotient. 

There  are  various  ways  of  performing  Divifion,  one 
called  the  Englifn,  another  the  Flemifli,  another  the 
Italian,  another  the  Spanifli,  another  the  German,  and 
another  the  Indian  way,  all  equally  juft,  as  finding  the 
quotient  with  the  fame  certainty,  and  only  differing  in 
the  manner  of  arranging  and  diipofmg  the  numbers. 

There  is  alfo  divifion  in  integers,  divifion  in  frac- 
tions, and  divifion  in  fpecies,  or  algebra. 

Divifion  is  performed  by  feeking  how  often  the  divi- 
for is  contained  in  the  dividend ; and  when  the  latter 
confifts  of  a greater  number  of  figures  than  the  former, 
the  dividend  muil  be  taken  into  parts,  beginning  on 
the  left,  and  proceeding  to  the  right,  and  feeking  how 
often  the  divifor  is  found  in  each  of  thofe  parts. 

For  ex.  If  it  be  required  to  divide  6758  by  3. 
Firfl  feek  how  often  3 is  contained  in  6,  which  is  2 
times  ; then  how  often  in  7,  wliich  is  likewife  2 times, 
with  I remaining ; which  joined  to  the  next  figure  5 
makes  15,  then  the  3’s  in  15  are  5 times ; and  laftly 
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the  3’s  ' in  S nrc  2 times,  and  2 remaining.  All  the 
numbers  expreffing  how  often  3 is  contained  in  each  of 
thofe  parts,  are  to  be  written  down  according  to  the 
•order  of  the  parts  of  the  dividend,  or  from  left  to  right, 
and  feparated  from  the  dividend  itfelf  by  a crooked 
line,  thus  : 

DIvifor  Dividend  Quotient 
3 ) 6758  ( 2252I 

It  appears  therefore,  that  3 is  contained  2252  times 
jn  6758,  with  2 remaining  over;  or  that  6758  being 
divided  into  3 parts,  each  part  will  be  2252I,  viz,  the 
figures  of  the  quotient  before  found,  together  with  the 
fraftion  -f  formed  of  the  remainder  and  the  divifor. 

When  the  divifor  is  a fingle  digit,  or  even  as 'large  as 
the  number  12,  the  divifion  is  eafily  performed  by  fet- 
ting  down  only  the  quotient  as  above.  But  when  the 
divifor  is  a larger  number,  it  is  neceffary  to  fet  down 
the  feveral  remainders  and  products  See.  This  procefs 
may  be  feen  at  large  in  moft  books  of  arithmetic,  as 
well  as  various  contraftions  adapted  to  particular  cafes: 
fiich  as,  ill,  when  the  divifor  has  any  number  of  ciphers 
at  the  end  of  it,  they  are  cut  off,  as  well  as  the  fame 
number  of  figures  from  the  end  of  the  dividend,  and 
then  the  work  is  performed  without  them  both,  annex- 
ing only  the  figures  laft  cut  off,  to  the  laft  remainder  ; 
2d,  when  the  divifor  is  equal  to  the  produdt  of  feveral 
fingle  digits,  it  is  eafier  to  divide  fucceffively  by  thofe 
digits,  inftead  of  the  divifor  at  once  ; 3d,  when  it  is 
required  to  continue  a quotient  to  a great  many  places 
of  figures,  as  in  decimals,  a veiy  expeditious  method  of 
performing  it,  is  as  follows : Suppofe  it  were  required  to 
divide  i by  29,  to  a great  many  places  of  decimals. 
Adding  ciphers  to  the  i,  firff  divide  iccoo  by  29  in 
the  common  way,  till  the  remainder  become  a fingle 
figure,  and  annex  the  fractional  fupplement  to  complete 
the  quotient,  which  gives  ^ p- = 0*03448 next  mul- 
tiply each  of  thefe  by  the  numerator  8,  fo  fhall  == 
0*27584!^  or  rather  ; which  figures  fubffi- 

tuted  inftead  of  the  fraCtion  in  the  firft  value  of 
it  becomes  2=  0*03448275865^^  : again,  multiply 
both  of  thefe  by  the  laft  numerator  6,  and  it  will  be 
“ 0*206896551 75;"-^  ; which  figures  fubftituted  for 
in  the  laft-found  value  of  ^7,  it  becomes 
= 0*034482758620689655 1 : and  again,  mul- 
tiplying thefe  by  the  numerator  7,  gives 

= 0*241379310344827586205^;  which  figures  fub- 
ftituted inftead  of  in  the  laft-found  value  of  it 
becomes  -5.7  = 

0*03448275862068965  5 1 7241379310344827586205-^ 
and  fo  on  ; where  every  operation  will  at  leaft  double 
the  number  of  figures  before  found  by  the  laft  one. 

Proof  cfDivisi Q-R.  In  every  example  of  divifion, 
unity  is  always  in  the  fame  proportion  to  the  divifor, 
as  the  quotient  is  to  the  dividend  ; and  therefore  the 
prodiiCt  of  the  divifor  and  quotient  is  equal  to  the  pro- 
duel  of  I and  the  dividend,  that  is,  the  dividend  itfelf. 
Hence,  to  prove  divifion,  multiply  the  divifor  by  the 
quotient,  to  the  produCf  add  the  remainder,  and  the 
fum  will  be  equal  to  the  dividend  when  the  work  is 
right  ; if  not,  there  is  a miftakc. 

Division,  in  Decimal  FratVions^  is  performed  the 
fame  way  as  in  integers,  regard  being  had  to  the  num- 
ber of  decimals,  viz,  making  as  many  in  the  quotient 
as  thofe  of  the  dividend  exceed'  thofe  in  the  divifor. 

Von.  L 


Division,  in  DiAgca-  FraBionsy  is  performed  by  di- 
viding the  numerators  by  each  other,  and  the  dehomi  * 
nators  by  each  other,  if  they  will  exactly  divide  ; but 
if  not,  then  the  dividend  is  multiplied  by  the  reciprocal 
of  the  divifor,  that  is,  having  its  terms  inverted  ; for, 
taking  the  reciprocal  of  any  quantity,  converts  it  from 
a diviior  to  a multiplier,  and  from  a multiplier  to  a di- 
vifor. For  ex.  ff-by  ^ gives  by  dividing  the  nu- 
merators and  denominators  ; but  -7- by  | is  the  fame 
as  YyX|,  which  is  ~ Where  x is  the  fign  of 
multiplication,  and  the  character  -bis  the  mark  of  divi- 
fion. Or  divifion  is  alfo  denoted  like  a vulgar  fraClion  ; 
fo  3 divided  by 
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Division,  in  Algebra^  or  Species^  is  performed  like 
that  of  common  numbers,  either  making  a fraCl  ion  of 
the  dividend  and  divifor,  .and  cancelling  or  dividing  by 
the  terms  or  parts  that  are  common  to  both  ; or  elfc 
dividing  after  the  manner  of  lon^  divifion,  when  the 
quantities  are  compound  ones.  Thus, 
ah  divided  by  <7,  gives  b for  the  quotient : 
and  i2ab  divided  by  fby  gives  yi  for  the  quotient.; 
and  iGabc"^  divided  by  8^/c,  gives  2hc  i 


and  a divided  by  gives  ; 

and  i^abc'^  divided  by  I2lc'^y  gives 

and  — b'hja-\-b  gives  a ^ b ; thu* 

a p b ) a'^- — b'^  [ a—h 
or  -b  ah 


^ais 

ft 


— oh—b'^ 

— ab—b^ 


again,  to  divide  — S.v^—  124x^  — 64  by  — 16  ; 
— 1 6 ) .V®  — — 1 24^^  — 64  ( 4-  8x^  ft-  4 

— I 


124X* 
8a'^  — 128.%*^ 


— 64 

— 64 


In  feme  cafes,  the  quotient  will  run  out  to  an  infi- 
nite ferics  ; and  then,  after  continuing  it  to  anycertaih 
number  of  terms,  it  is  ufual  to  annex,  by  w^ay  of  a frac- 
tion, the  remainder  with  the  divifor  fet  under  it. 

It  is  to  be  noted  that,  in  dividing  any  terms  by  one 
another,  if  the  figns  be  both  alike,  either  both  plus,  or 
both  minus,  the  fign  of  the  quotient  will  be  plus  ; but 
when  the  figns  are  different,  the  one  plus  and  the  other 
minus,  the  fign  of  the  quotient  will  be  minus. 

Division  by  Logarithms.  See  Logarithms. 

Divis  ION  of  Mathematical  Infirumenis.  Sec  Gra- 
duation, and  Mural  ylrc  or  fhiaclruni. 

Division  in  Mufic,  is  the  dividing  the  interval  of  an 
oClave  into  a number  of  leffer  intervals. 

Division  by  Napier’s  Bones.  See  Napier’s  Bones* 

Division  of  Powers y is  performed  by  fubtraCling 
their  exponents.  Thus,  is  = ; and, 

epD  b"^ is 

3 


Division 
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Division  of  Proportion)  is  comparing  tiie  difference 
‘between  the  antecedent  and  confequent,  with  either  of 

them.  Thus, 


then  by  divifion 

or 


c — d 

4 

c — d 
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Divisor,  is  the  dividing  number;  or  that  which 
fbews  how  many  parts  the  dividend  is  to  be  divided 
into. 

Common  Divisor.  See  Common  Dhfor. 

DIURNAL,  fomething  relating  to  the  day  ; in  op- 
pofition  to  nodturnal,  relating  to  the  night. 

Diurnal  Arch)  is  the  arch  defcribed  by  the  fun, 
moon,  or  flars,  between  their  riling  and  fettiiig. 

D lURNAL  Circle ) is  the  apparent  circle  defcribed  by 
the  fun,  moon,  or  liars,  in  confequence  of  the  rotation 
of  the  earth. 


Diurnal  Motion  of  a Planet)  is  fo  many  degrees  and 
minutes  &c  as  any  planet  moves  in  24  hours. 

The  Diurnal  Motion  of  the  Earth)  is  its  rotation 
round  its  axis,  the  duration  of  which  conllitutes  the 
natural  day. — The  reality  of  the  diurnal  rotation  of  the 
earth  is  now  pall  all  difpute. 

Diurnal  Parallax,  See  Parallax. 

D iurnal  is  alfo  ufed  in  fpeaking  of  what  belongs  to 
the  nydlliemeron,  or  natural  day  of  24  hours;  in  which 
fenfe  it  is  oppofed  to  annual,  menllrual,  &c. 

The  diurnal  phenomena  of  the  heavenly  bodies  are 
folved  from  the  diurnal  revolution  of  the  earth ; that 
is,  from  the  rotation  of  the  earth  round  its  own  axis  in 
24  hours.  This  rotation  is  equable,  and  from  well  to 
call,  about  an  axis  whofe  inclination  to  the  ecliptic  is 
now  66°  32^.  Since  the  earth  is  an  opaque  body,  that 
fmall  part  of  its  furface  which  comes  at  the  fame  time 
under  the  confined  view  of  the  fpedlator,  though  really 
fpherical,  will  feem  to  be  extended  like  a plane  ; and 
the  eye,  taking  a view  of  the  heavens  all  around,  de- 
fines a concave  fpherical  fuperficies,  concentric  with  the 
eailh,  or  rather  with  the  eye,  which  the  faid  plane  of 
the  earth’s  fuperficies  will  divide  into  two  equal  parts, 
the  one  of  which  is  vlfible,  but  the  other,  hecaufe  of 
the  earth’s  opacity,  hid  from  the  view. 

And  as  the  earth  revolves  about  its  axis,  the  fpe6la- 
tor.  Handing  upon  it,  together  with  the  faid  plane  he 
Hands  upon,  called  his  horizon,  dividing  the  vifible  from 
the  invifible  hemifphere  of  the  heavens,  is  carried  round 
the  fame  way,  viz,  towards  the  eall.  From  hence  it  is, 
that  the  fun  and  liars,  placed  towards  the  call,  being 
‘before  hid,  now  become  vifible,  the  horizon  as  it  were 
finking  below  them  ; and  the  liars  &c  towards  the  well 
are  covered  or  hid,  and  become  invifible,  the  horizon 
being  elevated  above  them.  So  that  the  former  flars, 
to  the  fpe6lator,  who  reckons  the  place  he  Hands  on  as 
immoveable,  will  appear  to  afcend  above  the  horizon, 
or  rife ; and  the  latter  to  defeend  below  the  horizon, 
or  fet. 

Since  the  earth,  with  the  horizon  of  the  fpedlator 
fixed  to  it,  continues  to  move  always  towards  the  fame 
parts,  and  about  the  fame  axis  equally  \ all  bodies,  and 


all  phenomena,  that  do  not  partake  of  the  faid  motion,, 
(that  is,  all  fuch  things  as  are  entirely  feparate  from 
tile  cartli)  will  feem  to  move  in  the  fame  time  uniform- 
ly, but  towards  the  oppolite  parts,  or  from  eaH  to 
well;  and  every  one  of  thefe  obje6ls,,  according  to  ^ 
fenfe,  will  defcribe  the  circumference  of  a circle,-  whofe 
plane  is  perpendicular  to  the  axis  of  the  earth.  And. 
becaufe  all  thefe  circles,  together  with  the  vifible  ob- 
je6ls  defcribing  them,  appear  to. be  in  the  concave  fphe-- 
rical  fuperficies  of  the  heavens,  every  vifible,  objedl  will 
feem  to  defcribe  a greater  or  lefs . circle,  according  to?* 
its  greater  or  lefs  dillance  from  the  poles,  or  extremi- 
ties of  the  earth’s, axis  produced  ; the  middle  circle  be- 
tween thefe  poles,  called  the.  equator, , is  confequently- 
the  greateH. 

It  may  farther  be  obferved,  that,  whereas,  Ty  t.he, 
diurnal  revolution  of  the,  eaitli,  all  the  feverar  liimi-* 
naries  feem  to  move  in  the  heavens  from  eaH  tOtwelly,, 
hence  this  feeming  diurnal  motion  of  the  celeHial  lights^., 
is  called  their  common  motion,  as  being  common  to  all  . 
of  them.  Befides  which,  all  the  luminaries^  except  the, 
fun,  have  a proper  motion  ; f om  which  arife , their 
proper  phenomena:,  as  for  the  proper  phenomena  of 'the 
lun,  they  likewife  feem  to  arife  from  the  proper  motion 
of  the  fun ; though  they  are  really  produced,  by  another 
motion,  which  the  earth  has,  and  by  wdiich  it  moves- 
round  the  fun.  once  every  year,  and  thence  called  the 
annual  motion  of  the  earth. 

DODKCAGON,  a regular  polygon  of  12 : equal-, 
fides  and  angles. 

If  the  fide  of  a Dodecagon  be.  i , . its -area  wall  be 

equal  to  3 times  the  tang,  of  75^^  =3x2  + ^^3  = 

II  *196 1 524  nearly;  and,  the  areas  of  plane  figures 
being  as  the  fquares  of  their  fides,  therefore  11*1961524 
multiplied  by  the  fquare  of  the  fide  of  any  Dodecagon, 
will  give  its  area.  See  my  Menfuration,  pa.  114,  2ded.  . 

‘To  infertbe  a Dodecagon  in  a gi^en  Circle,,  Carry  the. 
radius  6 times  round  the  circumference,  which  will  di*.^ 
vide  it  into  6 equal  2>arts,  or  will  make  a hexagon  ; then  ?: 
bifeeft  each  of  thofe  parts,  which  will  divide  the  whole 
into  12  parts,  for  the  Dodecagon.  See  alfo  other  me-  - 
thods  of  defcribing  the  fame  figure  in  my  Menfur. . 
pa.  26,  &C.  See  Polygon. 

DODECAHEDRON,  one.  of  the  Platonic  bodies,  ^ 
or  five  regular  folids,  being  contained  under  a furfac.e 
compofed  of  twelve  equal  and  regular  pentagons. 

To  form  a Dodecaloedron, . Regular  Body.  . 

If  the  fide,  or  linear  edge,  of  a Dodecahedron  be  ^5 
its  furface  will  he 

y ^5  = 20*6457788^^ 

and  its  foh’dity  5 ^ ^ ^ ^ ^ =:  7*66311896^5 

40 


If  the  radius  of  the  fphere  that  circumfcribcs  a Do 
decahedron  be  r,  then  is 


its  fide  or  linear  edge  = 
its  fuperficies  z 


3 

icH^/2~fv'5> 


and  its  folidity 
The  fide  of  a 


3 30  * 

Dodecahedron  inferibed  in 


a 


fpliere,  is 


DOM 


[ 395  ] 


'equal  to  tlie  greater  part  of  the  fide  of  a cube  inferibed 
in  the  fame  fphere,  and  cut  according  to  extx*eme  and 
mean  proportion. 

If  a line  be  cut  according  to  extreme  and  mean  pro- 
portion, and  the  leffer  fegment  be  taken  for  the  fide  of 
a Dodecahedron,  the  greater  fegment  wiU  be  the  fide 
of  a cube  inferibed  in  the  fame  fphere. 

The  fide  of  the  cube  is  equal  to  the  right  line  which 
fubtends  the  angle  of  a pentagon  of  the  Dodecahedron, 
inferibed  in  the  fame  fphere.  See  Polyhedron  ; alfo 
my  Menfur.  pa.  2^3,  &c. 

DODECATEMORY,  the  12  houfes  or  parts  of 
the  zodiac  of  the  primum  mobile.  Alfo  the  12  figns 
of  the  zodiac  are  fometimes  fo  called,  becaufe  they  con- 
tain each  the  12th  part  of  the  zodiac. 

DOG,  a name  common  to  two  conllellations,  called 
the  Great  and  Little  Dog;  but  more  ufually  Canis 
Major,  and  Canis  Minor. 

DOME,  is  a round,  vaulted,  or  arched  roof,  of  a 
church,  hall,  pavilion,  vellibule,  Hair-cafe,  fee,  by  way 
of  crowning,  or  acroter. 

DOMINICAL  Letter^  otherwife  called  the  Sunday 
Letter^  is  one  of  thefe  hril  feven  letters  of  tJie  alphabet 
ABCDEFG,  ufed  in  almanacs  &c,  to  mark  or  denote 
the  Sundays  throughout  the  year. 

The  reafon  for  ufmg  feven  letters,  is  becaufe  that 
is  the  number  of  days  in  a week  ; and  the  method  of 
iifing  them  is  this  : the  firft  letter  A is  fet  oppofite 
the  id  day  of  the  year,  the  2d  letter  B oppofite  the  2d 
day  of  the  year,  the  3d  letter  C oppofite  the  3d  day  of 
the  year,  and  fo  on  through  the  feven  letters  ; after 
which  they  are  repeated  over  and  over  again,  all  the 
way  to  the  end  oi  tlie  year,  the  letter  A denoting  the 
8th  day, 'the  letter  B the  9th,  &c.  Then  whichever 
of  the  letters  fo  placed,  falls  oppofite  the  firfl  Sunday  in 
the  year,  the  fame  letter,  it  is  evident,  will  fall  oppo- 
fite every  future  Sunday  throughout  the  year,  becaufe 
the  number  of  the  letters  is  the  fame  as  the  number  of 
days  in  the  week,  being  both  7 in  number  ; that  is,  in 
common  years  ; for  as  to  leap  years,  an  interruption 
of  the  order  takes  place  in  them.  For,  on  account  of 
the  intercalary  day,  either  the  letters  mull  be  thrufl  out 
of  their  places  for  the  whole  year  afterwards,  fo  as  that 
the  letter,  for  ex.  which  anfwers  to  the  ifl  of  March, 
fhall  likewife  anfwer  to  the  2d  &c  ; or  elfe  the  inter- 
calary day  mull  be  denoted  by  the  fame  letter  as  the 
preceding  one.  This  latter  expedient  was  judged  the 
better,  and  accordingly  all  the  Sundays  in  the  year  after 
the  intercalary  day  have  anotlier  Dominical  letter. 

The  Dominical  letters  were  Introduced  into  the  ca- 
lendar by  the  primitive  chrillians,  inftcad  of  the  nundi- 
nal letters  in  the  Roman  calendar  ; and  in  this  manner 
were  thofe  feven  letters  fet  oppofite  the  days  of  the 
year,  to  denote  the  days  in  the  week,  in  moll  of  our 
common  almanacs,  till  the  year  1771,  when  the  initial 
letters  of  the  days  of  the  week  were  generally  introdu- 
ced inftead  of  them,  excepting  the  Sunday  letter  Itfeli, 
which  is  Hill  retained. 

From  the  foregoing  account  it  follows  tliat, 

iH,  As  the  common  year  confills  of  365  days,  or  52 
weeks,  and  one  day  over  ; the  letters  go  one  day  back- 
wards every  common  year:  fo  that  in  inch  a year,  if 
the  beginning  or  lirll  day  fall  on  a Sunday,  the  next 
year  it  will  fall  on  Saturday,  the  next  on  Friday,  and 
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fo  on.  Confequently,  if  G be  the  Dominical  letter  for 
the  prefent  year,  F will  be  that  for  the  next  year  ; a .d 
fo  on,  in  a retrograde  order. 

2d,  As  the  billextile  or  leap  year  confills  of  366  days, 
or  52  weeks,  and  2 days  over,  the  beginning  of  the  year 
next  after  bilfextile  goes  back  2 days.  Whence,  if  in 
the  beginning  ofj  the  bilfextile  year,  the  Dominical  let- 
ter were  G,  that  of  the  following  year  will  be  E. 

3d,  Since  in  leap-years  the  intercalary  day  falls  on 
the  24th  of  February,  in  which  cafe  the  24th  and  zytii 
days  are  confidered  as  one  day,  and  denoted  by  the  lame 
letter;  after  the  24th  day  of  February  the  Dominical 
letter  goes  back  one  place  : thus,  if  in  tlie  beginning 
of  the  year  the  Dominical  letter  be  G,  it  will  afterwards 
change  to  the  letter  F for  the  remaining  Sundays  of  the 
year.  With  us  however,  this  day  is  now  added , at 
the  end  of  February',  and  from  thence  it  is  that  the 
change  takes  place. 

4th,  As  every  fourth  y^'ear  is  bilfextile,  or  leap-year, 
and  as  the  number  of  letters  is  7 ; the  lame  order  ol 
Dominical  letters  only'  returns  in  4 times  7,  or  28  y'ears ; 
wliicli  without  the  interruption  of  bilfextiles,  would  re- 
turn in  7 years. 

5th,  Hence  the  invention  of  the  folar  cycle  of  2S 
years  ; upon  the  expiration  of  which  the  Dominical  let- 
ters are  rellored  fuccelfively'  to  the  fame  day's  of  the 
month,  or  the  fame  order  of  the  letters  returns. 

To  fnd  the  D0MiNic.11.  Letter  of  any  given  year.  Find 
the  cycle  of  the  fun  for  that  year,  as  diredled  under 
cy'cle  ; and  the  Dominical  letter  is  found  correfpoiidlng 
to  it.  When  there  are  two  letters,  the  propofed  year 
is  bilfextile  ; tlie  former  of  them  ferviug  till  the  end  of 
February,  and  the  latter  for  the  reft  of  the  year. 

The  Dominical  letter  for  any  y'ear  of  the  prefent  cen* 
tuiy  may'  be  found  by'  this  canon  : 

Divide  the  odd  years,  their  fourth  and  4,  hy  7, 

JVhat  is  left  take  from  ^ , the  letter  is  given. 

Thus,  for  the  year  1794,  the  odd  years  94 

their  4th  23 
and  - 4 

divided  by  7 ) 121  {17 

remains  2 
from  7 

leaves  5 

which  anfwers  to  E the  5th  letter  in  the  alphabet. 

The  Dominical  letter  may'  be  found  univerfaliy,  for 
any  year  of  any'  century,  thus : 

Divide  the  centuries  by  4 ; and  t-wice  what  does  remain 

Take  from  6 ; arul  then  add  to  the  number  you  gain 

Their  odd  years  and  their  e[jh  ; which  dividing  by  7, 

IVhat  is  lift  take  from  7,  the  letter  is  given. 

Thus,  for  the  year  1878  the  letter  is  F. 

For  the  centuries  1 8 divided  by'  4,  leave  2 ; the  double 
of  which'taken  from  6 leaves  2 again;  to  which  ad'l 
the  odd  years  78,  and  their  4th  part  19,  the  fum  99 
divided  by  7 leaves  i ; vs’hich  tr.ken  from  7,  leaves  6 an- 
fwerlng  to  F the  6th  letter  in  the  alphabet. 

By  the  reformation  of  the  calendar  under  jiopc  Gre- 
gory the  13th,  tlie  order  of  the  Dominical  letters  wai 
agaui  difturbed  in  the  Gregorian  year;  for  the  year 
3 E 2 1382, 
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1582,  xvliicli  Iiad  G for  its  Dominical  letter  at  the  be-* 
ginning;  by  retrenching  10  days  after  the  4th  of  Octo- 
ber, came  to  have  C for  its  Dominical  letter  : by  which 
means  the  Dominical  letter  of  the  ancient  Julian  calen- 
dar is  4 places  before  that  of  the  Gregorian,  the  letter 
A in  the  former  anfwering  to  D in  the  latter. 

DONJON,  in  Fortification,  iifually  denotes  a large 
flrong  tower,  or  redoubt,  of  a fortrefs,  where  the  garri- 
fon  may  retreat  in  cafe  of  ncccffity,  and  capitulate  wnth 
greater  advantage.  See  Dungeon. 

DORADO,  a fouthern  conftellation,  not  vihble  in 
our  latitude  ; called  alfo  Xiphlasj  or  the  S-tuord-JiJlo, 
The  liars  of  this  conhellatign,  in  Sharp’s  catalogue, 
are  fix. 

DORIC  Order j of  ArchiteTure,  is  the  fecond  of  the 
five  orders,  being  placed  between  the  Tufcan  and  the 
Ionic.  The  Doric  feems  the  moll  natural,  and  bell  pro- 
portioned, of  all  the  orders ; all  its  parts  being  founded 
cn  the  natural  pofition  of  folid  bodies  ; for  wdiich  rea- 
fon  it  is  m.oll  proper  to  be  ufed  in  great  and  malfy 
buildings,  as  the  outfide  of  churches  and  public  places. 

The  Doric  order  has  no  arnaments  on  its  bale,  nor 
its  capital.  Its  column  is  8 diameters  high,  and  its 
freeze  is  dividedi,  between  triglyphs  and  metopes. 

DORMER,  or  Dormant,  in  Architecture,  denotes 
a window  made  in  the  roof  of  a building,  or  above  the 
entablature  ; being  raifed  upon  the  rafters. 

DOUBLE  XfpeB,  Bajlion^  Concave^  Convex^  Cone, 
JDefcant,  Eccentricity,  Pofition,  Ratio,  ’Tenaille,  Cfc.  See 
the  refpeClive  words. 

D ouBLE  Horizontal  Dial,  one  with  a double 
gnomon,  the  one  pointing  out  the  hour  on  the  outer 
circle,  the  other  the  hour  on  the  llereographlc  projec- 
tion drawn  upon  it.  This  dial  finds  the  meridian,  the 
hour,  the  fun’s  place,  rifing,  fetting,  &c,  and  many 
other  problems  of  the  globe. 

Double  Point,  in  the  Higher  Geometry,  is  a point 
which  is  common  to  two  parts  or  legs  or  branches  of 
fome  curve  of  the  2d  or  higher  order;  fuch  as,  an  in- 
finitely fmali  oval,  or  a cufp,  or  the  cruciform  interfec- 
tion,  &c,  of  fuch  curves.  See  Newton’s  Eniimieratio 
Linearum  &c,  de  Ciirvarum  PunCiis  Duplicibus. 

Doubling  a Cape,  or  Point  of  Land,  in  Navigation, 
fignifies  the  coming  up  with  it,  palling  by  it,  and  leaving 
it  behind  the  Ihip. 

The  Portuguefe  pretend  that  they  firll  doubled  the 
Cape  of  Good  Hope,  under  their  admiral  V afquez  de 
Gama  ; but  there  are  accounts  in  hillory,  particularly 
in  Herodotus,  that  the  Egyptians,  Carthaginians,  &c, 
had  done  the  fame  long  before  them. 

DOUCINE,  in  Architecture,  is  an  ornament  on  the 
highell  part  of  the  cornice,  or  a moulding  cut  in  the 
figure  of  a wave,  half  convex,  and  half  concave, 

DOVE-Zz!//,  in  Carpentry,  is  a method  of  fallening 
boards  or  timbers  together,  by  letting  or  indenting'  one 
piece  into  another,  with  a Dove-tail  joint,  or  a joint  in 
form  of  a Dove’s  tail. 

DRACHM,  or  Dram,  is. the  name  of  a fmali  weight 
ufed  with  us,  and  is  of  two  kinds,  viz,  the  8th  part  of 
an  ounce  in  Apothecaries  weight,  and  the  1 6th  part  of 
an  ounce  in  Avoirdupois  w^eight. 

DRACO,  the  Dragon,  a conllellation  of  the  north- 
ern hemifphere,  whole  origin  is  variouily  fabled  by  the 
Greeks  5 fome  of  them  reprefenting  it  as  the  Dragon 


which  guarded  the  Hefperian  fruit,  or  golden  apple?^ 
but  being  killed  by  Hercules,  Juno,  as  a reward  for  its^ 
faithful  fervices,  took  it  up  to  heaven,  and  fo  formed 
this  conllellation  ; while  others  fay,  that  in  the  war  of 
the  giants,  this  Dragon  was  brought  into  the  combat, 
and  oppofed  to  Minerva,  when  the  goddefs  taking  the 
Dragon  in  her  hand,  threw  him,  twilled  as  he  was,  up- 
to  the  flcies,  and  fixed  him  to  the  axis  of  the  heavens, 
before  he  had  time  to  unwind  his  contortions. 

The  liars  in  this  conllellation  are,  according  to  Pto- 
lomy,  31  ; according  to  Tycho,  32  ; according  to  He- 
velius,  40;  according  to  Bayer,  33  ; and  according  to 
Flamlleed,  80. 

DRAGON,  in  Allronomy.  See  Draco. 

Dragon’s  Head,  and  Th/7,  are  the  nodes  of  the 
planets,  but  more  particularly  of  the  moon,  being  the 
points  in  which  the  ecliptic  is  interfered  by  her  orbit,, 
in  an  angle  of  about  5°  18'. 

One  of  thefe  points  looks  northward,  the  moon  be- 
ginning then  to  have  north  latitude ; and  the  other 
fouthward,  where  Ihe  commences  fouth  latitude  ; the-^ 
former  point  being  reprefented  by.  the  knot  S3  for  the 
head,  and  the  other  by  the  fame  reverfed,  or  ^ for  ther 
tail.  And  near  thefe  points  it  is  that  all  eclipfes  of  the 
fun  and  moon  happen. 

This  deviation  of  the  path  of  the  moon  from  the 
ecliptic  feems,  according  to  the  fancy  of  fome,  to  make 
a figure  like  that  of  a dragon,  whofe  belly  is  at  the 
part  where  Ihe  has  the  grciiteft  latitude  ; the  interfec- 
tions  reprefenting  the  head  and  tail,  from  which  refem».. 
blance  the  denomination  arifes. 

Thefe  interfeUions  are  not  always  in  the  fame  two^ 
points  of  the  ecliptic,  but  Ihift  by  a retrograde  motion,.^ 
at  the  rate  of  f ii''  per  day,  and  completing  their- 
circle  in  18  years  225  days. 

Dragon-T/w/j*,  in  Architedlure,  are  two  llrong 
braces  or  Units,  Handing  under  a breaft-fummer,  and' 
meeting  in  an  angle  on  thelhoulder  of  the  king-piece. 
DRAM.  See  Drachm, 

DRAUGHT-Do/T/yu^x,  thofe  provided  with  feveraP 
m.oveable  points,  to  draw  fine  draughts  in  architedurc. 
&c.  See  Compass. 

DRAUGHT-A/JoL,  are  large  hooks  of  iron,  fixed' 
on  the  cheeks  of  a gun-carriage,  two  on  each  fide,  one. 
near  the  trunnion  hole,  and  the  other  at  the  train. 

DRAW-Tr/V.'^e,  a bridge  made  after  the  manner  of 
a floor,  to  be  drawn  up,,  or  let.  down,  as.  occafioii  re-... 
quires,  before  the  gate  of  a towm  or  callle. 

DRIFT  , in  Navigation,  denotes  the  angle  which  the, 
line  of  a fhip’s  motion  makes  with  the  neareft  meridian, 
when  Ihe  drives  -with  her  fide  t.o  the  wind  and  weaves, 
and  is,  not  governed  by  the  power  of  the  helm  ; and  alfo. 
thediftance  which  the  fhip  drives,  on  that  line,  fo  cafledi 
only  in  a ilorm. 

DRIP,  in  Architedure.  See  Larmier*., 

JDRY-JkToat.  See  Moat. 

DUCTILITY,  a property  of  certain  bodies,  by 
which  they  are  capable  of  being  beaten,- preffed,  drawn,, 
or  flretched  forth,  without  breaking  ; or  by.wrhich  they 
are  capable  of  great  alterations,  in  their  figure  and  dimen-. 
fions,,and  of  gaining  in  one  way  as  they  lofe  in  another. 

Such  are  metals,  which,  being  urged  by  the  hammer, 
gain  in  length  and  breadth  what  they  lofe  in  thicknefs  ; 
or,  being  drawn  into  wire  through  holes  in  iron,  gro\y 
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loRg’Gr  as  tliey  become  more  flender.  Such  alfo  are 
gums,  glues,  refms,  and  fome  other  bodies  ; v/hich, 
though  not  malleable,  may  yet  be  denominated  duclile, 
m as  much  as,  when  foftened  by  water,  fire,  or  fome 
other  menftruum,  they  may  be  drawn  into  threads. 

Some  bodies  are  dudlile  both  when  they  are  hot  and 
cold,  and  in  all  circumftances  : fuch  are  metals,  and  ef- 
pecially  gold  and  filver ; other  bodies  are  dudfile  only 
when  they  have  a certain  degree  of  heat ; fuch  as  glafs, 
and  wax,  and  fuch  like  fubfiances  : others  again  are 
diuSile  only  w'hen  cold,  and  brittle  when  hot ; as  fome 
kinds  of  iron,  viz,  thofe  called  by  workmen  redfiiort,  as 
alio  brafs,  and  fome  metallic  alloys. 

The  caufe  of  dudfility  is  very  obfcure  ; as  depending 
much  on  hardnefs,  a quality  whofe  nature  we  knoiv 
very  little  about.  It  is  true,  it  is  ufual  to  account 
for  hardnefs  from  the  force  of  attraction  between 
the  particles  of  the  hard  body  ; and  tor  duClility,  from 
the  particles  of  the  duCtiie  body  being,  as  it  were  joint- 
ed, and  entangled  with  each  other.  But  without 
dwelling  on  any  fanciful  hypothefes  about  duCtility,  we 
may  amufe  ourfelves  with  fome  truly  amazing  circum- 
ftances  and  phenomena  of  it,  in  the  inltances  of  gold, 
glafs,  and  fpider’s-webs.  Obfcrving  however  that  the 
ductility  of  metals  decreafes  in  the  following  order 
gold,  filver,  copper,  iron,  tin,  lead. 

Ductility  of  Gold.  One  of  the  properties  of 
gold  is, -to  be  the  moft  duCtile  of  all  bodies  ; of  which 
the  gold  beaters  and  gold  wire-drawers,  fuimifii  us  with 
abundant  proof. 

Fa.  Merlenne,  M.  ‘Rohault,.  Dr.  Halley,  &:c,  have 
made  computations  of  it  : but  they  trulled  to  the  re- 
ports of  the  workmen.  M.  Reaumur,  in  the  Memoircs 
de  1’ Academic  Royale  des  Sciences,  an.  1713,  took  a 
furer  way  ; he  made  the  experiment  himfelfi  A fingle 
grain  of  gold,  he  found,  even  in  the  common  gold  leaf, 
ufed  in  molt  of  our  gildings,  is  extended  into  36  and 
a half  fquare  inches  ; and  an  ounce  of  gold,  which,  in 
form  of  a cube,  is  not  half  an  inch  either  high,  broad, 
or  long,  is  beat  under  the  hammer  into  a furfacc  of  146 
and  a half  fquare  feet ; an  extent  almoil  double  to  what 
could  be  done  in  former  times.  In  Fa.  Merfenne’s 
time,  it  was  deemed  prodigious,  that  an  ounce  of  gold 
fhould  form  1600  leaves;  which,  together,  only  made 
a furface  of  105  fquare  feet. 

But  the  diftenfion  of  gold  under  the  hammer  (how 
confiderable  foever)  is  nothing  to  that  which  it  under- 
goes in  the  drawing-iron.  There  are  gold  leaves,  in 
fome  parts  fcarce  the  j-t'TcT^o’  thick  ; 

but  5 7rToo-p  or  i^'oh  is  a confiderable  thickuefs, 
in  comparifon  of  that  of  the  gold  fpuii  on  filk  in  our 
gold  thread. 

To  conceive  this  prodigious  duCtility,  it  is  neceffary 
to  have  fome  idea  of  the  manner  in  which  the  wire  draw- 
ers proceed.  The  wire,  and  thread  we  commonly  call 
gold  thread,  (See,  (wliich  is  only  filver  wire  gilt,  or  co- 
vered over  with  gold),  is  drawn  from  a large  ingot  of 
filver,  Lifually  about  thirty  pounds  weight.  This  they 
round  into  a cylinder,  or  roll,  about  an  inch  and  a half 
in  diameter,  and  twenty-two  Inches  long,  and  cover  it 
with  the  leaves  prepared  by  the  gold  beater,  laying  one- 
over  another,  till  the  cover  is  a good  deal  thicker  than 
tliat  m oiu:, ordinary  gilding  ; and  yet,  even  then,  it  is 
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very  thin  ; as  will  be  eafily^  conceived  from  the  quan- 
tity of  gold  that  goes  to  gild  the  thirty  pounds  of  fih 
ver  : two  ounces  ordinarily  do  the  buliueis  ; and,  fi’C- 
quently,  little  more  than  one. 

In  effeT,  the  full  thickuefs  of  the  p;old  on  the  in^ot 
rarely  exceeds  or  part ; and,  fonietimes  not 

i-oV'J  inch. 

But  this  thin  coat  of  gold  mull  be  yet  vaflly  thin- 
ner : the  ingot  is  fuceeilively  drawn  through  the  holes 
of  feveral  ii  oas,  each  fmaller  than  the  other,  till  it  be 
as  fine  as,  or  finer  than  a hair.  Every  new  hole  leffens 
its  diameter  ; but  it  gains  in  length  what  it  lofes  in 
thickuefs  ; and,  of  confequence,  increafes  in  furface  : 
yet  the  gold  Hill  covers  it ; it  follows  the  filver  in  all 
its  exteniion,  and  never  leaves  the  minuteil  part  bare, 
not  even  to  tlie  micro icope.  Yet,  how  inconceivably 
mull  it  be  attenuated  while  the  inofot  is  drawn  into  a 

^ O 

thread,  whole  diameter  is  9000  times  lefs  than  that  of 
the  iiivTot. 

O 

M.  Reaumur,  by  exacl  weighing,  and  rigorous  cal- 
culation, found,  that  one  ounce  of  the  thread  was  3232 
feet  long  ; and  the  whole  ingot  1163520  feet,  Paris 
meafure,  or  96  Pk-encli  leagues;  equal  to  1264400 
Englilh  feet,  or  240  miles  Euglilh  ; an  extent  which 
far  I'urpaires  what  Fa.  Merlenne,  Furetiere,  Dr.  Hallev, 
&c,  ever  dreamt  of. 

Merfenne  fays,  that  half  an  ounce  of  the  thread  is 
100  toifes,  or  fathoms  long;  on  which  footing,  an 
ounce  would  only  bo  1200  feet  ; whereas,  M.  Reaumur 
finds  it  3232.  Dr.  Halley  makes  6 feet  of  the  wire 
one  grain  in  weight,  and  one  grain  of  the  gold  98 
yards  ; and,  confequently,  the  ten  thoiifandth  part  of  a 
grain,  above  one  third  of  an  inch.  The  diameter  of  thtr 
wire  he  found  one-i86th  part  of  an  inch;  and  the 
thlcknefs  of  the  gold  0116-154500^1  part  of  an  inch. 
But  this,  too,  coine§  Ihort  of  M.  Reaumur  ; for,  on 
this  priiiciple,  the  ounce  of  wire  would  only  be  2680 
feet. 

But  the  ingot  is  not  yet  extended. to  its  full  length. 
I'he  grcatell  part  of  our  gold  thread  is  fpun,  or  wotuid 
on  filk  ; and,  before  it  is  fpun,  they  fiat  it,  by  palling 
it  between  two  rolls,  or  wheels  of  exceedingly  well 
polilhed  Heel ; which  wheels,  in  flatting  it,  lengthen  it 
by  above  one  leveiith.  So  that  our  240  miles  arc  now 
got  to  274. 

The  breadth,  now,  of  thefe  lamins,  or  plates,  M. 
Reaumur  finds,  is  only  one-8th  of  a line,  or  one-96th 
of  an  inch  ; and  their  tliicknefs  one-3072d.  The  ounce 
of  gold,  then,  is  here  extended  to  a furface  of  119a 
fquare  feet  ; whereas,  the  utmoH  the  gold  beaters  can 
do,  we  have  obferved,  is  to  extend  it  to  146  fquare 
feet.  But  the  gold,  thus  exceedingly  extended,  how 
tliin  muH  it  be  ! From  M.  Reaumur’s  calculus,  it  is 
found  to  be  one-i750COth  of  a line,  or  one-2  1 00000th 
of  an  inch  ; which  is  fcarce  one-i3th  of  the  tliicknefs 
of  Dr.  Halley’s  gold. 

But  he  adds,  that  this  fuppofes  the  thicknefs  of  the 
gold  every  where  equal,  which  is  no  ways  probable  ; 
for  in  beating  llie  gold  leaves,  whatever  care  they  can 
bellow,  it  is  impofiible  to  extend  them  equally.  This 
we  ealily  find,  by  the  greater  opacity  of  fome  parts 
than  others  ; for,  where  the  leaf  is  thickell,  it  will  gild 
the  wire  the  thickell.  , 


M.  Reaumur, 
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M.  Reaumur,  computing  what  the  thicknefs  of  the 
gold  muft  be  where  thinncft,  finds  it  oniyone-3 1 ^ooooth 
part  of  an  inch.  But  what  is  the  orie~3  i5ooootli  part 
'of  an  inch  ? Yet  this  is  not  the  iitmoft  duhBlity  of  gold, 
for,  inftead  of  two  ounces  of  gold  to  the  ingot,  which 
we  have  here  computed  upon,  a fingle  one  might  have 
been  ufed  ; and,  then,  the  thicknefs  of  the  gold,  in  the 
thinnell  places,  would  only  be  the  6300000111  part  of  an 
inch. 

And  yet,  as  thin  as  the  plates  are,  tliey  might  be 
made  twice  as  thin,  yet  ftill  be  gilt ; by  only  prelling 
them  more  betsveen  the  batter’s  wheels,  they  are  ex- 
'tended  to  double  the  breadth  and  propovtionably  in 
length.  So  that  their  thicknefs,  at  lafb,  will  be  reduced 
to  one  thirteen  or  fourteen  millionth  part  of  an  inch. 

Yet,  with  this  amazing  thinnefs  of  the  gold,  it  is 
ilill  a perfehl  cover  for  the  filver : the  bell  eye,  or  even 
the  beft  microfcope,  cannot  difeover  the  leall  chafm,  or 
difeontinuity.  There  is  not  an  aperture  to  admit  al- 
coliol  of  wine,  the  fubtilefl  fluid  in  nature,  or  even  light 
itfelf,  iinlefs  it  be  owing  to  cracks  occafioned  by  repeat- 
’cd  ftrokes  of  the  hammer.  Add,  that  if  a piece  of  this 
gold  thread,  or  gold  plate  be  laid  to  dilTolve  in  aquafor- 
tis, the  fllvei*  will  be  all  excavated,  or  eat  out,  and  the 
gold  left  entire,  in  little  tubules. 

It  fliould  be  obferved,  that  gold,  when  it  has  been 
{truck  for  feme  time  by  hammer,  or  violently  com- 
“prefled,  as  by  gold  wire  drawers,  becomes  more  hard, 
-elallic  and  ililF,  and  lefs  diidlile,  fo  that  it  is  apt  to  be 
-cracked  or  torn  ; the  fame  thing  happens  to  the  other 
metals  by  percuflion  and  comprefiion.  But  dudlility 
and  traftability  may  be  reflored  to  metals  in  that  Hate, 
by  annealing  them,  or  making  them  red  hot.  Gold 
feems  to  be  more  affe£led,by  percuflion  and  annealing, 
than  any  other  metals. 

As  to  the  Ductility  of  foft  hocfies^  it  is  not  yet  car- 
ried to  that  pitch.  The  reader,  however,  maft  not  be 
furprifed  that,  among  the  dudtile  bodies  of  this  clafs, 
v/e  give  the  firft  place  to  the  mofl:  brittle  of  all  other, 
glafs. 

Ductility  of  Glafs,  We  all  kno-w,  that,  when  well 
penetrated  with  the  heat  of  the  fire,  tlie  workmen  can 
figure  and  manage  glafs  like  foft  w'ax  ; hut  what  is  moil 
remarkable,  it  may  be  drawn,  or  fpun  out  into  threads 
exceedingly  fine  and  long. 

Our  ordinary  fpinners  do  not  form  tlieir  threads  of 
filk,  flax,  or  the  like,  with  half  the  eafe,  and  expedition, 
as  the  glafs  fpinners  do  threads  of  this  brittle  matter. 
We  have  forne  of  them  ufed  in  plumes  for  children’s 
heads,  and  divers  other  works,  mucli  finer  than  any 
Bair,  and  which  bend  and  WTive  like  it  wflth  every  wind. 

Nothing  is  more  fimple  and  eafy  than  the  method  of 
making  them  ; there  are  two  workmen  employed  ; the 
firfl  holds  one  end  of  a piece  of  glafs  over  the  flame  of 
a lamp  ; and,  wlien  the  heat  has  foftened  it,  a fecond 
operator  applies  a glafs  hook  to  the  metal  thus  in  fufion; 
-and,  withdrawdng  the  hook  again,  it  brings  ivith  it  a 
» thread  of  glafs,  which  ilill  adheres  to  the  mafs  : then, 
fitting  his  hook  «n  the  circumference  of  a wheel  about 
two  feet  and  a half  in  diameter,  he  turns  the  wheel  as 
fall  as  he  pleafes  ; which,  drawu'ng  out  the  thread 
winds  it  on  its  rim  ; til],  after  a certain  number  of  re- 
•volutions,  it  is  covered  with  a ikain  of  glafs  thread. 


The  mafs  hi  fufion  over  the  lamp  diminhhes  infeH* 
fibly  : being  wound  out,  as  it  were,  like  a pelotoon,  or 
clue  of  filk,  upon  the  wheel ; and  the  parts,  as  they  re- 
cede from  the  flam.c,  cooling,  become  more  coherent 
to  thofe  next  to  them  ; and  this  by  degrees : the  parts 
nearell  the  fire  are  always  the  leall  coherent,  and,  of 
confcquence,  mult  give  ivay  to  the  effort  the  rell  make 
to  draw  them  towards*  the  wheel. 

The  circumference  of  thefe  threads  is  ufually  a flat 
oval,  being  three  or  four  times  as  broad  as  thick  : fame 
of  them  feern  fcarce  bigger  than  the  thread  of  a filk 
worm,  and  are  furprilingly  flexible.  If  the  two  ends 
of  fuch  threads  be  knotted  together,  they  may  be  drawn 
and  bent,  till  the  aperture,  or  ipace  in  the  middle  of  the 
knot,  doth  not  exceed  one-qth  of  a line,  or  one-48th  of 
an  inch  diameter. 

Hence  M.  Reaumur  advances,  that  the  flexibility  of 
glals  increafes  in  proportion  to  the  finenefs  of  the 
threads ; and  that,  probably,  had  we  but  the  art  of 
drawing  threads  as  line  as  a fpider’s  web,  we  might 
v/eave  fluffs  and  cloths  of  them  for  wear.  According- 
ingly,  he  made  fome  experiments  this  way  : and  found 
he  could  make  threads  fine  enough,  viz,  as  fine,  in  his 
jadgmeiit,  as  fpider’s  thread,  but  he  could  never  make 
them  long  enough  to  do  any  thing  v.uth  them. 

Ductility  of  Spider’ s-qjjebs.  See  Web. 
DUNGEON,  Donjon,  in  Fortification,  the  highefl 
part  of  a callle  built  after  the  ancient  mode  ; ferving 
as  a watch-tower,  or  place  of  oblervation  ; and  a.lfo 
for  the  retreat  of  a garrifon,  in  cale  of  neceflity,  fo 
that  they  may  capitulate  with  greater  advantage. 

DUPLE,  or  Double  Ratio^  is  that  in  which  the 
antecedent  term  is  double  the  confequent  ; or,  where 
the  exponent  of  the  ratio  is  2.  Thus,  6 to  3 is  in  a 
duple  ratio. 

Yi'LDuple  RatiOy  is  that  in  which  the  confequent 
is  double  the  antecedent ; or,  in  which  the  exponent 
of  the  ratio  is  As  in  3 to  6,  which  is  in  fubduple 
ratio. 

DUPLICATE  RatiOy  - is  the  fquare  of  a ratio,  or 
the  ratio  of  the  fquares  of  two  quantities.  Thus,  the 
duplicate  ratio  oSa  to  by  is  the  ratio  of  to  b^,  or  of 
the  fquare  of  a to  the  fquare  of  b, — In  a feries  of  geo- 
metrical proportionals,  the  ill  term  is  to  the  3d,  in  a 
duplicate  ratio  of  the  ill  to  the  2d,  or  as  the  fquare  of 
the  firfl  to  the  fquare  of  the  2d  : Thus,  in  the  geo- 
metricals  2,  4,  8,  16,  &c,  the  ratio  of  2 to  8,  is  the 
duplicate  of  that  of  2 to  4,  or  as  the  fquare  of  2 to 
the  fquare  of  4,  that  is,  as  4 to  16.  So  that  dupli- 
cate ratio  is  the  ratio  of  the  fquares,  as  triplicate  ratio 
is  the  ratio  of  the  cubes,  &c. 

DLTPLICATION,  is  the  doubling  of  a quantity,  or 
multiplying  it  by  2,  or  adding  it  to  itfelf. 

Duplication  of  a Cubcy  is  finding  out  the  fide  of  a 
cube  that  fhall  be  double  in  folidity  to  a given  cube : 
which  is  a celebrated  problem,  much  cultivated  by  the 
ancient  geometricians,  about  2000  years  ago. 

It  was  firft  propofed  by  the  oracle  of  Apollo  at 
Delphos ; which,  being  confidted  about  the  manner  of 
flopping  a plague  then  raging  at  Athens,  returned  for 
anfwer,  that  the  plague  ihoidd  ceafe  when  Apollo’s 
altar,  which  was  cubical,  fliould  be  doubled.  Upon 
this,  they  applied  tiicmfelves  m good  earnefl,  to  feek 
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tlie  duplicatiire  of  the  cube,  which  from  thence  was 
called  the  Delian  problem. 

This  problem  cannot  be  effected  geometrically,  as  it 
requires  che  folution  of  a cubic  equation,  or  requires 
the  finding  of  two  mean  proportionals,  viz,  between  the 
fide  of  the  given  cube  and  the  double  of  the  fame,  the 
firft  of  which  two  mean  proportionals  is  the  fide  of  the 
double  cube,  as  was  firft  obferved  by  Hippocrates  of 
Chios.  For,  let  a be  the  fide  of  the  given  cube,  and  2* 
the  fide  of  the  double  cube  fought ; then  it  is 
2(23,  or  a?-'',  ii  z : 2a  ; fo  that,  if  a and  % be  the 
firft  and  2d  terms  of  a fet  of  continued  proportionals, 
then. <2^  : a^  is  the  ratio  of  the  fquare  of  the  ift  to 
the  fquare  of  the  2d,  which,  it  is  known,  is  the  fame  as 
the  ratio  of  the  ift  term  .to  the  3d,  or  of  the  2d  to  the 
4th,  that  is  of  % to  2«  ; therefore  2;  being  the  2d  term, 
2a  will  be  the  4th.  So  that  z,  the  fide  of  the  cube 
fought,  is  the.  2d  of  four  terms  in  continued  proportion,  . 
the  ift  and  4th  beings  and  2(2,  that  is,  the  fide  of  the  ' 
double  cube  is  the  firft  of  two  meaa  proportionals  be-  . 
tween  a and  la, , 

Eutocius,  in  his  C.omm.entarics  on  Archimedes,  gives 
feveral  \vays  of  performing  this  by  the  mefolabe.  In  . 
Pappus  too  are  found  three  dift'erent  ways  ; the  firft  ac- 
cording to  Archimedes,  the  fecond  according  to  Hero, 
and  the  3d  by  an  inftrumenfc  invented  by  Pappus,  which 
gives  all  the  proportions  required.  Tlie  fieur  de  Comiers 
has  likewife  publifiied  a demonftration  of  the  fame  pro- 
blem., by  means  of  a compafs  with  three  legs.  But  all'  ‘ 
thefe  methods  are  only  mechanical.  See  Valerius 
Maximus,  lib.  8 ; alfo  Eutocius’s  Com.  on  lib.  2.  Ar- 
chimedes de.Sphsera  & Cylindro  ; and ' Pappus,  lib. 
3,  prop.  5,  & lib.  4,  prop.  22. 

DURER  (Albert),  defeendedof  an  Hungarian 
family,  but  born  at  Nuremberg,  in  1471,  was  one  of 
the  beft  engravers,  painters,  and  practical  geometricians 
of  his  age.  He  was  at  the  fame  time  a man  of  letters  . 
and  a philofopher  ; and  he  was  an  intimate  friend  of 
Erafmus,  who  revifed  fome  of  the  pieces  which  he  pub- 
lifhed.  He  was  alfo  a man  of’bufinefs',  and  for  many 
years  the  leading  magiftrate  of  Nuremberg. 

Though  not  the  inventor,  he  was  one  of  the  firft  and 
greateft  improvers  of  the  art  of  engraving.  He  was 
however  the  inventor  of  cutting  in  wood,  which  he  de- 
vifed  and  pradlifed  in  great  perfection,  ufing  this  way 
for  expedition,  as  he  had  a multitude  of  defigns  to  exe- 
cute ; and  as  his  work  was  ufiially  done  in  the  moft  ex- 
quifite  manner,  his  pieces  took  him  up  much  time.  For 
in  many  of  thofe  prints  which  he  executed  on  copper, 
the  engraving  is  elegant  to  a great  degree.  His  Heli- 
Scene  in  particular,  engraven  in  the  year  1513,  is  as 
highly  finiflied  a print  as  ever  was  engraved,  and  as  hap- 


pily executed.  In  his  wooden  prints  too  it  is  furpnT- 
mg  to  fee  fo  much  meaning  in  fo  early  a mafter.  In 
faCl,  Durer  was  a man  of  a very  extenfive  genius.  His 
pidbures  were  excellent ; as  well  as  his  prints,  which 
were  very  numerous.  They  were  much  admired,  from  ■ 
the  firft,  and  eagerly  bought  up  ; which  put  his  wife, 
who  was  another  Xantippe,  upon  urging  him  to  fpend 
more  time  upon  engraving  than  he  was  inclined  to  do  : 
for  he  was  rich  ; and  chofe  rather  to  praClife  his  art 
as  an  amufement,  than  as  a bufinefs.  He  died  at  Nu-  - 
remberg,  in  1528,  at  57  years  of  age. 

Albert  Durer  wrote  feveral  books,  in  the  German  : 
language^,  which  were  tranflated  into  Latin  by  other  ' 
perfons,  and  publifhed  after  his  death,  viz, 

1.  His  book  upon  the  rules  of  painting,*  intitled",  , 
De  Symmetria  Part  in  ni  in  reflis  for  mis  Humanoriim  Coipo-  • 
rumt  is  one  of  them  ; printed  in  folio,  at  Niu'cmberg,  ^ 
in  1-532^,  and  at  Paris  in  1557.  An  Italian,  veriion  alfo  - 
was  publifhed  at  Venice,  in  1591. 

2. -  InjUtiitiones  Geometr.ica  ; Paris.  1532. 

3.  De  Urhihusy  Arcihusy  CaJieUtfque  condendis  lA  inrt'  - 
n iesidis  ; Par i s ' 1 5 3 1 . 

4.  De . Varletate  Figurarwriy  et  Jdexurls  Partiumj  et 
Gef  ihus  Imaginum  ; Nuremberg  1534^ 

The  figures  in  thefe  books,  which  ai*e  from  wooden 
plates,  are  very  numerous,  and  moft  admirably  well  exe- 
cuted, indeed  far  beyond  any  thing  of  the  kind  done  in 
our  own  days..  Some  of  them  alfo  are  of  a very  large  i 
fize,  as  much  as  16  inches  in  length,  and  of  a proper-  - 
tional  breadth,  which  being  exquifitely  worked,  muft 
have  coft  great  labour.  His  geometry  is  chiefly  of  the 
practical  kind,  confifting  of  the  moft  curious  deferip- 
tions,  inferiptions,  and  circumferiptions  of  geometrical 
lines,  planes,  and  folids.  We  here  meet,  for  the  firft 
time,  with  the  plane  figures,  which  folded  up  make  the 
five  regular  or  platonic  bodies,  as  well  as  that  curious  * 
conftru6lion  of  a pentagon,  being  the  lull  method  in 
prob.  23  of  my  Menfiration. 

DYE,  in  Architecture,  the  trunk  of  the  pedeftal, 
or  that  part  between  the  bafe  and  the  cornice,  being  fo  ^ 
called,  becaufe  it  is  often  made  in  the  form  of  a dye  or 
cube. 

DYMANICS,  is  the  fcience  of  moving  powers  ; 
more  particularly  of  the  motion  of  bodies  that  mu- 
tually aCl  on  oneanothei.  See  Mechanics,  Motion*,  . 
Communication  of  Motiouy  Oscillation,  Percus- 
sion, &c. 

DYPTERE,  or  Diptere,  was  a kind  of  temple, 
encompafl’ed  round  with  a double  row  of  columns  ; and 
the  pfeudo-diptere,  or  falfe  diptere,  was  the  fame,  only 
this  was  encompaffed  with  a fingle  row  ot  columns.  . 
Head  of  a double  row. 
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Eagle,  Aqulla^  is  a conflellation  of  the  northern 
f hemifphere,  having  its  right  v^hng  contiguous  to 
the  equinoAial.  For  the  ftars  in  this  conflellation,  fee 
Aqltila.  ^ 

EARTH,  Terra,  in  Natural  Philo  fophy,  one  of  the 
four  vulgar,  or  Feripatetical  elements  ; defined  a fimple, 
dry,  and  cold  fubftance  ; and,  as  fuch,  an  ingredient  in 
the  compofition  of  all  natural  bodies. 

The  Earth,  in  Geography,  this  terraqueous  globe 
or  ball,  which  we  inhabit,  confifling  of  land  and  fea. 

Figure  of  the  Earth.  The  ancients  had  various  opi- 
nions as  to  the  figure  of  the  earth  : fome,  as  Anaximan- 
der and  Leucippus,  held  it  cylindrical,  or  in  form  of  a 
drum  : but  the  principal  opinion  was,  that  it  was  flat ; 
that  the  vifible  horizon  rvas  the  bounds  of  the  earth, 
and  the  ocean  the  bounds  of  the  horizon  ; that  the  hea- 
vens and  earth  above  this  ocean  were  the  whole  vifible 
imlverfe  ; and  that  all  beneath  the  ocean  Avas  Hades  : 
and  of  this  fame  opinion  were  alfo  fome  of  the  Chriflian 
fathers,  as  Ladlantius,  St.  Augufline,  &c.  See  La6lan. 
lib.  3,  cap.  24  ; St.  Aug.  lib.  16,  de  Civitate  Dei ; 
Ariflotle  de  Coclo,  lib.  2,  cap.  13. 

Such  of  the  ancients  however  as  underflood  any 
thing  of  aflronomy,  and  efpecially  the  dodlrine  of 
eclipfes,  muft  have  been  acquainted  with  the  round 
figure  of  the  earth  ; as  the  ancient  Babylonian  aflrono- 
mers,  who  had  calculated  eclipfes  long  before  the  time 
of  Alexander,  and  Thales  the  Grecian,  who  predifled 
an  eclipfe  of  the  fun.  It  is  now  indeed  agreed  on  all 
hands,  unlefs  perhaps  by  the  moft  vulgar  and  ignorant, 
that  the  form  of  the  terraqueous  globe  is  globular,  or 
very  nearly  fo. 

That  the  exterior  of  the  earth -is  round,  or  rotund, 
is  manifefl  to  the  mofl  common  perception,  in  the  cafe 
of  a fhip  failing  either  from  the  land,  or  towards  it  ; for 
when  a perfon  hands  upon  the  fliore,  and  fees  a fliip  fail 
from  the  land,  out  to  fea  ; at  firfl  he  lofes  fight  of  the 
hull  and  lower  parts  of  the  fhip,  next  the  rigging  and 
middle  parts,  and  laflly  of  the  tops  of  the  mails  them- 
felves,  in  every  cafe  the  rotundity  of  the  fea  between 
the  hiip  and  the  eye  being  very  vifible  ; the  contrary 
happens  when  a- fliip  fails  towards  us  ; we  firfl  fee  the 
tops  o f the  mahs  appear  jufl  over  the  rotundity  of  the 
fea;  next  we  perceive  the  rigging,  and  laflly  the  hull 
of  the  fliip  itfelf : all  which  is  well  iliuflrated  by  the 
following  figure. 
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The  round  figure  of  the  earth  is  alfo  evident  from 
the  eclipfes  of  the  fun  and  moon  ; for  in  all  eclipfes  of 
the  moon,  which  are  caufed  by  the  moon  palling  through 
the  earth’s  fliadow,  that  fhadow  always  appears  circular 
upon  the  face  of  the  moon,  what  way  foever  it  be  pro- 
jected, whether  eaft,  well,  north,  or  fouth,  and  howfo- 
eyer  its  oiameter  vary,  according  to  the  greater  or  lefs 
diflance  from  the  earth.  Hence  it  follows,  that  the 
fhadow  or  the  earth,  in  ail  fituations,  is  really  conical; 
and  confequently  the  body  that  projeCls  it,  i.  e.  the 
earth,  is  at  leafl  nearly  fpherical. 

The  fphei  ical  figure  of  the  earth  is  alfo  evinced  from 
the  rifingand  fetting  of  the  fun,  moon,  and  liars  ; all 
wziich  happen  fooner  to  thofe  who  live  to  the  eafl,  and 
later  to  thofe  living  weflwardly  ; and  that  more  or  lefs 

fo,  according  to  the  diflance  and  roundnefs  of  the 
earth. 

So  alfo,  going  or  failing  to  the  nortliAvard,  the  north 
pole  anci  noitiiein  flars  become  more  elevated,  and  the 
fouth  pole  and  foutlicrn  flars  more  depreffed  ; the  ele- 
vation northa-ly  increafing  equally  with  the  depreffion 
foutherly ; and  either  of  them  proportionably  to  the 
diflance  gone.  Phe  fame  thing  happens  in  going  to 
the  fouthward.  Beiides,  the  oblic^ue  afeenfions,  de- 

feenfions. 
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fcenTiongj  emerfionB,  and  amplitudes  of  tlie  rifing  and 
fetting  of  the  fun  and  ftars  in  every  latitude,  are  agree- 
able to  the  fuppofition  of  the  earth’s  being  of  a fphe- 
rical  form ; all  which  could  not  happen  if  it  was  of 
any  other  hgure. 

Moreover,  the  roundnefs  of  the  earth  is  farther  con- 
firmed by  its  having  been  often  failed  round  ; the  hrii: 
time  w'as  in  the  year  1519,  when  Ferd.  Magellan  made 
the  tour  of  the  whole  globe  in  1124  days.  In  the  year 
1557  Francis  Drake  performed  the  fame  in  1056  days: 
in  the  year  1586,  Sir  Tho.  Cavendifh  made  the  fame 
voyage  in  777  days;  Simon  Cordes,  of  PvOtterdam,  in 
the  year  1590;  in  the  year  I5'98,  Oliver  Noort,  a 
Hollander,  in  1077  days;  Van  Schouten,  in  the  year 
1615,  in  749  days  ; Jac.  Heremites  and  Joh.  Huy- 
gens, in  the  year  1623,  in  802  days  : and  many  others 
nave  fmee  performed  the  fame  navigation,  particularly 
Anfon,  Bougainville,  and  Cook.  Sometimes  failing 
round  by  the  eaiiward,  fometimes  to  the  weitward  ; till 
at  length  they  arrived  again  in  Europe,  from  whence 
they  let  out  ; and  in  the  courfe  of  their  voyage,  ob- 
ferved  that  all  the  phenomena,  both  of  tiie  heavens  and 
earth,  correfpond  to,  and  evince  this  fpherical  figure. 

The  fame  globular  figure  is  likewife  inferred  from 
the  operation  of  Levelling,  in  which  it  is  found  necef- 
fary  to  make  an  allowance  for  the  difference  between 
the  apparent  and  the  true  level. 

The  natural  caufe  of  this  fphericity  of  the  globe  is, 
according  to  Sir  Ifaac  Newton,  the  great  principle  of 
attra<5lion,  which  the  Creator  has  ftamped  on  all  the 
matter  in  the  univerfe  ; and  by  which  all  bodies,  and  all 
the  parts  of  bodies,  mutually  attrad  one  another, — 
And  the  fame  is  the  caufe  of  the  fphericity  of  the 
drops  of  rain,  quickfilver,  See, 

What  the  earth  lofes  of  its  fphericity  by  mountains 
and  valle^^s,  is  nothing  confiderable  j the  higheff  emi- 
nence being  fcarce  equivalent  to  the  minuteft  protuber- 
ance on  the  furface  of  an  orange.  Its  difference  from 
a perfed  fphere  however  is  more  confiderable  in  ano- 
ther refped,  by  which  it  approaches  nearly  to  the  fiiape 
cf  an  orange,  or  to  an  oblate  fpheroid,  being  a little 
flatted  at  the  poles,  and  raifed  about  the  equatorial 
parts,  fo  that  the  axis  from  pole  to  pole  is  lefs  than 
the  equatorial  diameter.  What  gave  the  firft  occafion 
to  the  difeovery  of  this  figure  of  the  earth,  was  the  ob- 
fervations  of  fome  French  and  Englifii  philofophers  in 
the  Eall-Indies,  and  other  parts,  who  found  that  pen- 
dulums, the  nearer  they  came  to  the  equator,  perform- 
ed their  vibrations  flower  ; from  whence  it  follows,  that 
the  velocity  of  the  defeent  of  bodies  by  gravity,  is  lefs  in 
countries  nearer  to  the  equator  ; and  confequently  that 
thofe  parts  are  farther  removed  from  the  centre  of  the 
earth,  or  from  the  common  centre  of  gravity.  See  the 
Hiltory  of  the  Royal  Academy  of  Sciences,  by  Du 
Hamel,  p,  no,  156,  206  ; and  rFIiil.  del’ Acad,  Roy. 
1700  and  1701.'— This  circumftancc  put  Huygens  and 
Newton  upon  finding- out  the  caufe,  which  they  at- 
' tributed  to  the  revolution  of  the  earth  about  its  axis. 
If  the  earth  were  in  a fluid  Rate,  its  rotation  round 
its  axis  would  necdfarily  make  it  put  on  fuch  a figure, 
becaufe  the  centrifugal  force  being  greatcii  to- 
wards the  equator,  the  fluid  would  there  rife  and 
dwell  moft ; and  that  its  figure  really  fhould  be  fo  now, 
deems  neceffarv,  to  keep  the  fea  in  the  equinoctial  re- 
Von  I.  ' 


fions  from  overflowing  the  earth  about  thofe  parti. 

ee  this  curious  fubjeCt  w^ell  handled  by  Huygens,, ‘i« 
his  difeourfe  De  Caufa  Gravitatis,  pa.  154,  where  he 
Rates  the  ratio  of  the  polar  diameter  to  that  of  the 
equator,  as  577  to  578.  And  Newton,  in  Im  Princi-  ' 
pia,  firR  publilhed  in  i686,  demonRrates,Trora  the  tlie- 
ory  of  gravity,  that  the  figure  of  the  earth  muR  be  that 
of  an  oblate  fpheroid  generated  by  the  rotation  of  an 
ellipfe  about  its  fliorteR  diameter,  provided  all  the  parts 
of  the  earth  w^ere  of  an  uniform  denfity  throughout, 
and  that  the  proportion  of  the  polar  to  the  equatorial 
diameter  of  the  earth,  w'ould  be  that  of  689  to  692, 
or  nearly  that  of  229  to  230,'^  or  as  •9956522  to  i. 

This  proportion  of  the  two  diameters  was  calculated 
by  Newton  in  the  following  manner.  Having  found 
tliat  the  eentriiugal  force  at  the  equator  is  ^ ‘-c-th  of 
gravity,  he  affumes,  as  an  hypothefis,  that  the  axis  of 
the  earth  is  to  the  diameter  of  the  equator  as  too  to 
lOi,  and  thence  determines  what  muR  be  the  centrifu- 
gal force  at  the  equator  to  give  the  earth  fucli  a form, 
and  finds  it  to  be  -j^j-ths  of  gravity : then,  by  the  rnle 
of  proportion,  if  a centrifugal  force  equal  to 
of  gravity  would  make  the  earth  higher  at  the  equator 
than  at  the  poles  by  r^g-th  of  the  whole  height  at  the 
poles,  a centrifugal  force  that  is  the  ^l-^th  of  gravity 
will  make  it  higher  by  a proportional  excefs,  w'hich  by 
calculation  is  ^*3^th  of  the  height  at  the  poles;  and 
thus  he  difeovered  that  the  diameter  at  the  equator'  is 
to  the  diameter  at  the  poles,  or  the  axis,  as  230  to  229. 
But  this  computation  fuppofes  the  earth  to  be  every 
where  of  an  uniform  denfity ; w'hereas  if  the  earth  is 
more  denfe  near  the  centre,  then  bodies  at  the  poles 
W’ill  be  more  attradfed  by  this  additional  matter  being  • 
nearer  ; and  therefore  the  excefs  of  the  femi- diameter 
of  the  equator  above  the  femi-axis,  wall  be  different. 
According  to  this  proportion  between  the  twm  diame-  ' 
ters,  Newton  farther  computes,  from  the  different 
meafures  of  a degree,  that  the  equatorial  diameter  will 
exceed  the  polar,  by  34  miles  and  4*  * 

Neverthelefs,  Meffrs  Caffini,  both  father  and  fon,  the 
one  in  1701,  and  the  other  in  1713,  attempted  to  prove, 
in  the  Memoirs  of  the  Royal  Academy  of  Sciences,  that 
the  earth  w^as  an  oblong  fpheroid  ; and  in  1718,  M. 
Caflini  again  undertook,  from  obfervations,  to  fhew’^  that, 
on  the  contrary,  the  longeR  diameter  paffes  through  the 
poles  ; which  gave  occafion  for  Mr.  John  Bernoulli,  in 
his  Effai  d’uue  Nouvelle  Phyfique  CdeRe,  printed  at 
Paris  in  1735,  triumph  over  the  BritlDi  philofopher, 
apprehending  that  theie  obfervations  would  invalidate 
wfliat  New’tonhad  demonRrated.  And  in  1720,  M,  De 
Mairan  advanced  arguments,  fuppofed  to  be  Rrengtheu- 
ed  by  geometrical  demonRrations,  farther  to  confirm 
the  affertiona  of  Caflini.  But  in  1735  two  companies 
of  mathematicians  were  employed,  one  for  a northern, 
and  another  for  a fouthern  expedition,  the  refult  of 
W'hofe  obfervations  and  mealurement  plainly  proved  that 
the  earth  was  flatted  at  the  poles.  See  I)EGRi:E. 

The  proportion  of  the  equatorial  diameter  to  the  po- 
lar, as  Rated  by  the  gentlemen  employed  on  the  north- 
ern expedition  for  rneafuring  a degree  of  the  meridianii 
is  as  I to  0*9891  j by  the  Spanilh  mathematieians  as 
266  to  265,  or  as  I to  0*99624;  by  M,  Bouguer  as 
179  to  178,  eras  i to  0*99441.  - : * 

As  to  all  concluiions  however  deduced  from  the 
3 F . length 
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length  of*  pendulums  in  different  places,  it  is  to  be  ob- 
ferved  that  they  proceed  upon  the  fuppofition  of  the 
uniform  denfity  of  the  earth,  which  is  a very  improba- 
ble circumftance  ; as  juftly  obferved  by  Dr.  Horfley 
in  his  letter  to  Capt.  Phipps.  “ You  hnifli  your  ar- 
ticle, he  concludes,  relating  to  the  pendulum  with  fay- 
ing, ‘ that  thefe  obfervations  give  a figure  of  the  earth 
nearer  to  Sir  Ifaac  Newton’s  computation,  than  any 
others  that  have  hitherto  been  made  and  then  you 
ffate  the  feveral  figures  given,  as  you  imagine,  by  former 
obfervations,  and  by  your  own.  Now  it  is  very  true, 
that  if  the  meridians  be  ellipfes,  or  ^ the  figure  of  the 
earth  be  that  of  a fphereid  generated  by  the  revolution 
of  an  ellipfis,  turning  on  its  fliorter  axis,  the  particular 
figure,  or  the  ellipticity  of  the  generating  ellipfis,  which 
your  obfervations  give,  is  nearer  to  what  Sir  Ifaac  New- 
ton faith  it  fhould  be,  if  the  globe  were  homogeneous, 
than  any  that  can  be  derived  from  former  obfervations. 
But  yet  it  is  not  what  you  imagine.  Taking  the  gain 
of  the  pendulum  in  latitude  79°  50^  exa6lly  as  you 
ftate  it,  the  difference  between  the  equatorial  and  the 
polar  diameter,  is  about  as  much  lefs  than  the  Newto- 
nian computation  makes  it,  and  the  hypothefis  of  ho- 
mogeneity would  require,  as  you  reckon  it  to  be  greater. 
The  proportion  of  212  to  2 l i fhould  indeed,  according 
to  your  obfervations,  be  the  proportion  of  the  force  that 
adts  upon  the  pendulum  at  the  poles,  to  the  force  adting 
upon  it  at  the  equator.  But  this  is  by  no  means  the 
fame  with  the  proportion  of  the  equatorial  diameter  to 
the  polar.  If  the  globe  were  homogeneous,  the  equa- 
torial diameter  would  exceed  the  polar  by  of  the 
length  of  the  latter  : and  the  polar  force  would  alfo  ex- 
ceed the  equatorial  by  the  like  part.  But  if  the  differ- 
ence between  the  polar  and  equatorial  force  be  greater 
than  (which  may  be  the  cafe  in  an  heterogeneous 
globe,  and  feems  to  be  the  cafe  in  ours,)  then  the 
difference  of  the  diameters  fhould,  according  to  theory, 
be  lefs  than  ^1^^,  and  vice  verfa, 

“ I confefs  this  is  by  no  means  obvious  at  ffrff  fight ; 
fo  far  otherwife,  that  the  miftake,  which  you  have  fallen 
into,  was  once  very  general.  Many  of  the  bell  mathe- 
maticians. were  mided  by  too  implicit  a reliance  upon 
the  authority  of  Newton,  who  had  certainly  confined 
his  inveftigations  to  the  homogeneous  fpheroid,  and  had 
thought  about  the  heterogeneous  only  in  a loofe  and 
general  way.  The  late  Mr.  Clairault  was  the  firff  who 
fet  the  matter  right,  in  his  elegant  and  fubtle  treatife 
on  the  figure  of  the  earth.  That  work  hath  now  been 
many  years  in  the  hands  of  mathematicians,  among 
v/hom  I imagine  there  are  none,  who  have  confidered 
the  fubjedl  attentively,  that  do  not  acquiefee  in  .the  au- 
thor’s conclufions. 

“ In  the  2d  part  of  that  treatife,  it  is  proved,  that 
putting  P for  the  polar  force,  n for  the  equatorial,  ^ 
for  the  true  ellipticity  of  the  earth!s  figure,  and  e for 
the  ellipticity  of  the  homogeneous  fpheriod, 

^ 1 r \ P — 

= 2£  — ^ : therefore  S = 2i — ; 

n n 

and  therefore,  according  to  your  obfervation,  ^ • 

This  is  the  juff  conclufion  from  your  obfervations  of 
the  pendulum,  taking  it  for  granted,  that  the  meridians 
are  ellipfes  : which  is  an  hypothefis,  upon  which  all  the 
reafonings  of  theory  have  hitherto  proceeded.  But 
^laufible  as  it  ma^  feem,  I muff  fay,  that  there  is  much 
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reafon  from  experiment  to  call  it  in  qiieftion.  If  it 
were  true,  the  increment  of  the  force  which  adtuates 
the  pendulum,  as  we  approach  the  poles,  fhould  be  as 
the  fquare  of  the  fine  of  the  latitude  : or,  which  is  the 
fame  thing,  the  decrement,  as  w^e  approach  the  equa- 
tor, fhould  be  as  the  fquare  of  the  cofine  of  the  latitude. 
But  whoever  takes  the  pains  to  compare  together  fuch 
of  the  obfervations  of  the  pendulum  in  different  lati- 
tudes, as  feem  to  have  been  made  with  the  greateft  care, 
will  find  that  the  increments  and  decrements  do  by  no 
means  follow  thefe  proportions  ; and  in  thofe  which  I 
have  examined,  I find  a regularity  in  the  deviation 
which  little  refembles  the  mere  error  of  obfervation. 
The  unavoidable  conclufion  is,  that  the  true  figure  of 
the  meridians  is  not  elliptical.  If  the  meridians  are 
not  ellipfes,  the  difference  of  the  diameters  may  indeed, 
or  it  may  not,  be  proportional  to  the  difference  between 
the  polar  and  the  equatorial  force  ; but  it  is  quite  an 
uncertainty,  what  relation  fubfifts  between  the  one 
quantity  and  the  other ; our  whole  theory,  except  fo 
far  as  it  relates  to  the  homogeneous  fpheroid,  is  built 
upon  falfe  affumptions,  and  there  is  no  faying  what 
figure  of  the  earth  any  obfervations  of  the  pendulum, 
give.” 

He  then  lays  down  the  following  table,  which  fhev*?s ; 
the  different  refults  of  obfervations  made  in  different  la- 
titudes ; in  which  the  firff  three  columns  contain  the 
names  of  the  feveral  obfervers,  the  places  of  obfervation, . 
and  the  latitude  of  each ; the  4th  column  (hews  the 
quantity  of  P — n in  fuch  parts  as  It  is  100000,  as  de- 
duced from  comparing  the  length  of  the  pendulum 
at  each  place  of  obfervation,  with  the  length  of  the 
equatorial  pendulum  as  determirted  by  M.  Bouguer, 
upon  the  fuppofition  that  the  increments  and  decre^ 
ments  of  force,  as  the  latitude  is  increafed  or  lowered, 
obferve  the  proportion  which  theory  alligns.  Only  tlje  - 
2d  and  the  laft  value  of  P — n are  concluded  from  com-  . 
parifons  with  the,  pendulum  at  Greenwich  and  at  Lon- 
don,, not  at  the  equator.  The  5th  column  Ihews  the  < 
value  of  ^ correfponding  to  every  value  of  P— Ujae-. 
cording  to  Clairault’s  theorem;. 


Obfervers, 

Places, 

Latitudes, 

p-^n 

Bouguer 

Equator 

0° 

0' 

Bouguer 

Porto  Bello 

9 

34 

741-8 

fi^ 

Green 

‘ Otaheitee 

17 

29 

563*2 

1 

Bouguer 

San  Domungo 

18 

27 

• 1 

5T'8 

Abbe  de  lal 

Cape  of  ^ 

33 

55 

731-5 

7 

Caille  J 

Good  Hope  J 

Paria 

48 

50 

►-( 

. 

00 

I 

3 Tj 

The  A cade- 1 
micians  J 

Pello 

66 

48 

565-9 

I 

j 

Capt,  Phipps 

79 

5Q 

471*2 

I 

% y 

**  By  this  table  it  appears,  that  the  obfervations  in 
the  middle  parts  of  the  globe,  fetting  afide  the  fingle 
one  at  the  Cape,  are  as  confiftent  as  could  reafonably 
be  expebled  j and  they  reprefent  the  ellipticity  of  the 
earth  as  about  ^4^.  But  when  ,we  come  within  10 
degrees  of  the  equator,  it  fhould  feem  that  the  force,  of 
gravity  fuddenly  becomes  much  lefs,  and  wuthin  the  like 

diffance 
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diftance  of  the  poles  much  greater  than  it  could  be  in 
fuch  a fpheroid.” 

The  following  problem,  communicated  by  Dr  Lea- 
therland  to  Dr.  Pemberton,  and  publiihed  by  Mr.  Ro- 
bertfon,  ferv^es  for  finding  the  proportion  between  the 
axis  and  the  equatorial  diameter,  from  meafures  taken 
of  a degree  of  the  meridian  in  two  different  latitudes, 
fuppofing  the  earth  an  oblate  fpheroid. 


I.et  AVap  be  an  ellipfe  reprefenting  a fedfion  of  the 
earth  through  the  axis  Py» ; the  equatorial  diameter, 
or  the  greater  axis  of  the  ellipfe,  being  ; let  E and 
F be  two  places  where  the  mealure  of  a degree  has  , 
been  taken  ; thefe  meafures  are  proportional  to  the  ra- 
dii of  ourvature  in  the  ellipfe  at  thofe  places  ; and  if 
CQ^  CR  be  conjugates  to  the  diameters  whofe  verti- 
ces are  E and  F,  CQ^will  be  to  CR  in  the  fubtriplicate 
ratio  of  the  radius  of  curvature  at  E to  that  at  F,  by 
Cor.  1,  prop.  4,  part  6 of  Milnes’s  Conic  Sections,  and 
therefore  in  a given  ratio  to  one  another ; alfo  the 
angles  QCP,  RCP  are  the  latitudes  of  E and  F ; fo 
that,  drawing  QV  parallel  to  Py»,  and  QXYW  to  An, 
thefe  angles  being  given,  as  well  as  the  ratio  of  CQ_ 
to  CR,  the  redfilinear  figure  CVQXRY  is  given  in  fpe- 
cies  ; and  the  ratio  of  VC^  — ZC^  ( :z:  QX  X XW)  to 
RZ*  ■—  Oy^  (=  RX  X XS)  is  given,  xrtiich  is  the  ra- 
tio of  CA^  to  CP^  j therefore  the  ratio  of  CA  to  CP 


IS  given. 

Hence,  if  the  fine  and  cofine  of  the  greater  latitude 
be  each  augmented  in  the  fubtriplicate  ratio  of  the 
mealure  of  the  degree  in  the  greater  latitude  to  that  in 
the  lefler,  then  the  difference  of  the  fquares  of  the  aug- 
mented fine,  and  the  fine  of  the  lelfer  latitude,  will  be 
to  the  difference  of  the  fquares  of  the  cofine  of  the  lef- 
ler latitude  and  the  augmented  cofine,  in  tlie  duplicate 
ratio  of  the  equatorial  to  the  polar  diameter.  For,  Qq 
being  taken  in  CQj?qual  to  CR,  and  qv  drawn  parallel 
to  QV,  Qv  and CZ  and  ZR  will  be  the  ligns  and 
cofines  of  the  refpedflve  latitudes  to  the  fame  ladius; 
and  CV,  VQ^wili  be  the  augmentations  of  C^’  and  Cy 
in  the  ratio  nam.ed. 

Hence,  to  find  the  ratio  between  the  two  axes  of  the 
earth,  let  E denote  the  greater,  and  F the  lefier  of  the 
two  latitudes,  M and  N the  refpedtive  meafures  taken 


each  j and  let  P denote  — : then 
y cof.*  F — P*  X cof.^Pl  . lefTer  axis 


X fin.^E  — fin.*  F 


IS  rr 


greateraxia 


It  alfo  appears  by  the  above  pi-oblem,  that  when  one  of 
the  degrees  mcafured,  is  at  the  equator,  the  cofine  of  the 
latitude  of  the  other  being  augmented  in  the  fubtripli- 
cate  ratio  of  the  degrees,  the  tangent  of  the  latitude 
will  be  to  the  tangent  anfwcring  to  the  augmented  co- 
fine,  in  the  ratio  of  the  greater  axis  to  the  lefs.  For 
fuppofing  E the  place  out  of  the  equator;  then  if  the 
femi-circle  Vlmtip  be  deferibed,  and  /C  joined,  and  mo 
drawn  parallel  to  aQ  : Co  is  the  cofme  of  the  latitude 
to  the  radius  CP,  and  CY  that  cofme  augmented  in 
the  ratio  before-named ; YQ^ being  to  Y/,  that  is  Ca  to 
Cn  or  CP,  as  the  tangent  of  the  angle  YCQ^^  the  lati- 
tude of  the  point  E,  to  the  tangent  of  the  angle  YC/, 
belonging  to  the  augmented  cofine.  Thus,  if  M re- 
prefeiit  the  mcafure  in  a latitude  denoted  by  E,  and  N 
the  meafure  at  the  equator,  let  A denote  an  angle 
whofe  meafure  is 

r T.  ? / M tan.  A . lefier  axis 

cof.  E X ^ Then is  “ 

^ IN  tan.  E greateraxis 

But  M,  or  the  length  of  a degree,  obtained  bv  ac- 
tual menfuratlon  in  different  latitudes,  is  known  from 
the  following  table : 


Names. 

L at  it. 

Value  of  M. 

0 / 

toifes 

Maupertnis  and  Affoc. 

66  20 

M = 5743^ 

Caffinl  and  J 

49  22 

M = 57074 

La  Caille  [ 

45  00 

M 57050 

Bofcovlch 

43  00 

M = 56972 

De  la  Caille 

33 

M — 

Juan  and  UUoa 

00  00 

M = 56768  J at  the 

Boiio-uer 

0 

CO  CO 

M = 56753  lequa- 

Condamine 

00  00 

M ir  56749  J tor. 

Now,  by  comparing  the  iff  with  each  of  the  follow- 
ing ones  ; the  2d  with  each  of  the  following  ; and  in 
like  manner  the  3d,  4th,  and  5th,  with  each  of  the  fol- 
lowing ; there  will  be  obtained  25  refults,  each  (hewing 
the  relation  of  the  axes  or  diameters ; the  arithmetical 
means  of  all  of  which  will  give  that  ratio  as  i to 

^*99519^9* 

If  the  meafures  of  the  latitudes  of  49°  22',  and  of 
45°,  which  fall  within  tlie  meridian  line  drav/n  through 
France,  and  which  have  been  re-examined  and  corredfed 
fince  the  northern  and  fouthern  expedition,  be  com- 
pared with  thofe  of  Maupertnis  and  his  affociates  in 
the  nortli,  and  tliat  of  Bouguer  at  the  equator,  there 
will  refult  6 different  values  of  the  ratio  of  the  two 
axes,  the  arithmetical  mean  of  aU  which  is  that  of  i to 
0*9953467,  wliich  may  be  coufidered  as  the  ratio  of 
the  greater  axis  to  the  Ids  ; which  is  as  230  to 
228-92974,  or  215  to  214,  or  very  near  the  ratio  as 
affigiied  by  Newton. 

Now,  the  magnitude  as  w'ell  as  the  figure  of  the 
earilu  that  is  the  polar  and  equatorial  diameters,  may 
be  deduced  from  the  foregoing  problem.  For,  as  half 
the  latus  red  urn  of  the  greater  axis  Aa  is  the  radius  uf 
curvature  at  A,  it  is  given  in  magnitude  from  the  de- 
gree meafured  there,  and  tlience  the  axes  themlelves  are 
given.  Thus,  the  circular  arc  whofe  length  is  equal  to 
the  radius  being  57*29578  degrees,  if  this  number  be 
multiplied  by  56750  toifes,  the  mcafure  of  u degree  at 
3 F 2 the 
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the  equator,  as  Boiiguer  lias  ftated  it,  the  produft  will 
be  the  radius  of  curvature  there,  or  half  the  latus  rec- 
tum of  the  greater  axis  ; and  this  is  to  half  the  ieifer 
axis  in  the  ratio  of  the  lefs  axis  to  the  greater,  that  is, 
as  0*9953467  to  I ; whence  the  two  axes  are  6533820 
and  6364366  toifes,  or  7913  and  7950  Englifn  miles  ; 
and  the  difference  between  the  two  axes  about  37 
miles.  See  Robertfon’s  Navigation,  vol.  2,  pa.  206 
&,c.  See  alfo  Suite  des  Mem.  de  FAcad.  171S,  pa. 
247,  and  Maclaurin’s  Fluxions,  vol.  2,  book  i, 
cr.  14. 

And  very  nearly  the  fame  ratio  is  deeluc^d  from  the 
lengths  of  pendulums  vibrating  in  the  fame  time,  in  dif- 
ferent latitudes  ; provided  it  be  again  allowed  that  the 
r/ieridians  are  real  ellipfes,  or  the  earth  a true  fpheroid, 
which  however  can  only  take  place  in  the  cale  of  an 
iiniiorm  gravity  in  all  parts  of  the  earth. 

Thus,  in  the  new  Peterfburgh  A6ls,  for  the  years 
1788  and  17B9,  are  accounts  and  calculations  of  expe- 
riments relative  to  this  fubjeA,  by  M.  Kraflt.  Thefe 
experiments  were  made  at  different  times  and  in  various 
parts  of  the  Ruffian  empire.  This  gentleman  has  col- 
ledled  and  compared  them,  and  drawn  the  proper  con- 
clufions  from  them  : thus  he  infers  that  the  length  x of 
a pendulum  that  fwings  feconds  in  any  given  lati- 
tude X,  and  in  a temperature  of  10  degrees  of  Reau- 
mur’s thermometer,  may  be  determined  by  this  equa- 
tion : 

.s:  — 439*178  4*  2*321  fine  lines  of  a French  foot, 
or;c  = 39*0045  + o*2o6  fine  in  Englifh  inches, 
in  the  temperature  of  53  of  Fahrenheit’s  thermometer. 

' This  expreffion  nearly  agrees,  not  only  with  all  the 
experiments  made  on  the  pendulum  in  Ruffia,  but  alfo 
with  thofe  of  Mr.  Graham  in  England,  and  thofe  of 
Ml*.  Lyons  in  79^^  50'  north  latitude,  where  he  found 
its  length  to  be  431*38  lines.  It  alfo  fhews  the  aug- 
mentation of  gravity  from  the  equator  to  the  parallel 
of  a given  latitude  A : for,  putting  g for  the  gravity 
under  the  equator,  G for  that  under  the  pole,  andy  for 
that  under  the  latitude  A,  M.  Krafft  finds 
j — (i  -j-  0*0052848  fine  ; and  theref.  G= 
1*0052848^. 

From  this  proportion  of  gravity  under  different  lati- 
tudes, the  fame  author  infers  that,  in  cale  the  earth 
is  a homogeneous  ellipfoid,  its  oblatenefs  mufb  be 
inllead  of  which  ought  to  be  the  refult  of  this 
liypothefis  : but  on  the  fuppofition  that  the  earth  is  a 
heterogeneous  ellipfoid,  he  finds  Its  oblatenefs,  as  de- 
duced from  thefe  experiments,  to  be  ; which  agrees 
with  that  refulting  from  the  meafurement  of  fome  of 
the  degrees  of  the  meridian.  This  confirms  an  obfer- 
vation  of  M.  De  la  Place,  that,  if  the  hypothefis  of  the 
earth’s  homogeneity  be  given  up,  then  theory,  the  mea- 
furement of  degrees  of  latitude,  and  experiments  wuth 
the  pendulum,  all  agree  in  their  refult  with  refpeff  to 
the  oblatenefs  of  the  earth.  See  Memoires  de  1’  Acad. 
1783,  pa.  17. 

In  the  PliiloL  Tranf.  for  1791,  pa.  236,  , Mr.  Dal- 
by  has  givenPome  calculations  on  meafured  degrees  of 
ihe  meridian,  from  whence  he  infers,  that  thofe  de- 
grees meafured  in, middle  latitudes,  wall  anfvN^er:  nearly 
to  an  ellipfoid  vrhofe  axes  are  in  the  ratio  affigned  by 
Newton,  viz,  that  of  230  to  229.  And  as  to  the  de- 
viations of  fome  of  the  others,  viz,  tow^ards  the  poles 


and  equator,  he  thinks  they  are  caufed  by  the  errors  in 
the  obferved  celeftial  arcs. 

Tacquet  draws  fome  pretty  little  inferences,  in  the 
form  of  paradoxes,  from  the  round  figure  of  the  earth  ; 
as,  I ft.  That  if  any  part  of  the  furface  of  the  earth 
were  quite  plane,  a man  could  no  more  walk  upright 
upon  it,  than  on  the  fide  of  a mountain.  2d,  That 
the  traveller’s  head  goes  a greater  fpace  than  his  feet ; 
and  a horfeman  than  a footman  ; as  moving  in  a greater 
circle.  3d,  That  a veffel,  full  of  w'ater,  being  railed 
perpendicularly,  fome  of  the  water  will  be  continually 
flowing  out,  yet  the  veflel  Hill  remain  full;  and  on  the 
contrary,  if  a veflel  of  water  be  let  perpendicularly 
clowm,  though  nothing  flow''  out,  yet  it  will  ceafe  to  be 
full : confequently  there  is  more  water  contained  in  the 
fame  veflel  at  the  foot  of  a mountain,  than  on  the  top  ; 
becaufe  the  furface  of  the  water  is  comprefled  into 
a fegment  of  a fmaller  fphere  below  than  above.  Tacq, 
Aftron.  lib.  I,  cap.  z. 

Changes  of  the  Earth.  Mr.  Boyle  fufpedts  that 
there  are  great,  though  flow  internal  changes,  in  the 
mafs  of  the  earth.  He  argues  from  the  varieties  ob- 
ferved in  the  change  of  the  magnetic  needle,  and  from 
the  obferved  changes  in  the  temperature  of  climates. 
But  as  to  the  latter,  there  is  reafon  to  doubt  that  he 
could  not  have  diaries  of  the  weather  fufficient  to  direct 
his  judgment.  Boyle’s  Works  abr.  vol.  i,  pa.  292,  &c. 

Magnetlfm  of  the  Earth.  The  notion  of  the  mag- 
netifm  of  the  earth  was  flarted  by  Gilbert ; and  Boyle 
fuppofes  magnetic  effluvia  moving  from  one  pole  to  the 
other.  See  his  Works  abr.  vol.  i,  pa.  285,  290. 

Dr.  Knight  alfo  thinks  that  the  earth  may  be  confi- 
dered  as  a great  loadflone,  whofe  magnetical  parts  are 
difpofed  in  a very  irregular  manner  ; and  that  the  fouth 
pole  of  the  earth  is  analogous  to  the  north  pole  in  mag- 
nets, that  is,  the  pole  by  which  the  magnetical  ftream 
enters.  See  Magnet. 

He  obferves,  that  all  the  phenomena  attending  the 
diretlion  of  the  needle,  in  different  parts  of  the  earth, 
in  great  meafure  correfpond  with  what  happens  to  a 
needle,  w'hen  placed  upon  a large  terrella  ; if  w^e  make 
allowances  for  the  different  difpofitions  of  the  magneti- 
cal parts,  wuth  refpedl  to  each  other,  and  confider  the 
fouth  pole  of  the  earth  as  a north  pole  with  regard  to 
magnetifm.  The  earth  might  become  magnetical  by 
the  iron  ores  it  contains,  for  all  iron  ores  are  capable  of 
magnetifm.  It  is  true,  the  globe  might  notw'ithfland- 
ing  have  remained  unmagnetical,  unlefs  fome  caufe  had 
exiited  capable  of  making  that  repellent  matter  pro- 
ducing magnetifm  move  in  a ftream  through  the  earth.  . 

Now  the  doeftor  thinks  that  fuch  a caufe  does  exift. 
For  if  the  earth  revolves  lound  the  fun  in  an  ellipfis, 
and  the  fouth  pole  of  the  earth  is  directed  tow'-ards  the 
fun,  at  the  time  of  its  defeent  towards  it,  a ftream  of 
repellent  matterwnll  thencebe  made  to  enter  at  the  fouth 
pole,  and  iflue  out  at  the  north.  And  he  fuggefts,  that 
the  earth’s  being  in  its  perihelion  in  winter  may  be  one 
reafon  wffiy  magnetifm  is  ftronger  in  this  feafon  than  in 
fummer. 

This  caufe  here  affigned  for  the  earth’s  magnetifm 
mull  continue,  and  perhaps  imjirove  it,  from  year  to 
year.  Hence  the  doTor  thinks  it  probable,  that  the 
earth’s  magnetifm  has  been  improving  ever  fince  the 
creation^  and.  that  this  may  be  one  reafon  why  the  ufe 
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of  the  compafs  was  not  difcovered  fooner.  See  Dr. 
Knight’s  Attempt  to  demonftrate,  that  all  the  pheno- 
mena in  nature  may  be  explained  by  Attraction  and 
Repulfion,  prop.  87. 

Magnitude  and  Corijlitution  of  the  Earth.  This  has 
'been  variouily  determined  by  different  authors,  both 
ancient  and  modern.  The  ufual  way  has  been,  to 
meafure  the  length  of  one  degree  of  the  meridian,  and 
multiply  it  by  360,  for  the  whole  circumference.  See 
D EGREE.  Diogenes  Laertius  informs  us,  that  Anaxi- 
mander, a fcholar  of  Thales,  who  lived  about  550  years 
before  the  birth  of  Chrift,  v/as  the  firll  who  gave  an 
account  of  the  circumference  of  the  fea  and  land  ; and 
it  feems  his  meafure  was  ufed  by  the  fucceeding  mathe- 
maticians, till  the  time  of  Eratofthenes.  Ariffotle,  at 
the  end  of  lib.  2 De  Coelo,  fays,  the  mathematicians 
who  have  attempted  to  meafure  the  circuit  of  the  earth, 
make  it  40000  lladiums  ; which  it  is  thought  is  the 
num.ber  determined  by  Anaximander. 

Eratofthenes,  who  lived  about  200  years  before 
Chrift,  was  the  next  who  undertook  tin’s  bufmefs  ; 
which,  as  Cleomedes  relates,  he  performed  by  taking 
the  fun’s  zenith  diftances,  and  meafuring  the  diftance 
between  two  places  under  the  fame  meridian  ; by  v.  hich 
he  deduced  for  the  whole  circuit  about  250000  fta- 
diums,  which  Pliny  ftates  at  31500  Roman  miles,  rec- 
koning each  at  1000  paces.  But  this  meafure  was  ac- 
counted falfe  by  many  of  the  ancient  mathematicians, 
and  particularly  by  Hipparchus,  who  lived  100  years 
afterwards,  and  wdio  added  25000  ftadiums  to  the  cir- 
cuit of  Eratofthenes. 

Poffidonius,  in  the  time  of  Cicero  and  Pompey  the 
Great,  next  meafured  the  earth,  viz,  by  means  of  the 
altitudes  of  a ftar,  and  meafuring  a part  of  a mendian  ; 
and  he  concluded  the  circumference  at  240C00  ftadiums, 
according  to  Cleomedes,  but  only  at  1 80000  according 
to  Strabo. 

Ptolomy,  in  his  Geography,  fays  that  Marinus,  a 
celebrated  geographer,  attempted  fomething  of  the 
fame  kind ; and,  in  lib.  i,  cap.  3,  he  mentions  that  he 
himfelf  had  tried  to  perform  the  bufineis  in  a w'ay  dif- 
ferent from  any  other  before  him,  wdiich  was  by  means 
of  places  under  dllferent  meridians  : but  he  does  not 
fay  how  much  he  made  the  number  ; for  he  flill  made 
ufe  of  the  1 8ocoo,which  had  been  found  out  before  him. 

Snellius  relates,  from  the  Arabian  Geographer  Abel- 
fedea,  who  lived  about  the  1300th  year  of  Chrift,  that 
about  tlie  800th  y^ear  of  Chrift,  Almaimon,  an  Ara- 
bian king,  having  collc6fed  together  lome  Ikilful  ma- 
thematicians, commanded  them  to  find  out  the  circum- 
ference of  the  earth.  Accordingly  thefe  made  choice 
of  the  fields  of  Mefopotamia,  where  they  meafured  un- 
der the  fame  meridian  from  north  to  fouth,  till  the  pole 
w'as  deprefted  one  degree  lower : whicli  meafure  they 
found  equal  to  56  miles,  or  56|-  : fo  that  according  to 
them  the  circuit  of  the  earth  is  20160  or  20340  miles. 

It  was  a long  time  after  this  before  any  more  at- 
tempts -were  made  in  this  bufmefs.  At  length  how^ever, 
the  fame  Snell,  above  mentioned,  profeffor  of  mathema- 
tics at  Leyden,  about  the  year  1 620,  with  great  Ikill 
and  labour,  by  meafuring  large  diftances  between  two 
parallels,  found  one  degree  equal  to  28500  perches, 
each  of  wdiich  is  12  Rhinland  feet,  amounting  to  19 


Dutch  miles,  and  fo  the  whole  periphery  6840  miles  ; 
a mile  being,  according  to  him,  1500  perches,  or 
18000  Rhinland  feet.  See  his  treatife  called  Eratof- 
thenes Batavus. 

The  next  that  undertook  this  meafurement,  was  Ri- 
chard Norwood,  who  in  the  year  1635,  by  meafuring 
the  diftance  from  London  to  York  w'ith  a chain,  and 
taking  the  fun’s  meridian  altitude,  June  i ith  old  ftyle, 
W'ith  a fextant  of  about  5 feet  radius,  found  a degree 
contained  367200  feet,  01-69  and  a half  and  14 
poles  ; and  thence  the  circumference  of  a great  circle  of 
the  earth  is  a little  more  than  25036  miles,  and  the  di- 
ameter a little  more  than  7966  miles.  See  the  particu- 
lars of  this  meafurement  in  his  Seaman’s  Practice. 

The  meafurement  of  the  earth  by  Snell,  though 
very  ingenious  and  troublefome,  and  much  more  accu- 
rate than  any  of  the  ancients,  being  ftill  thought  by 
fome  French  mathematicians,  as  liable  to  certain  fmiall 
errors,  the  bufmefs  w-as  renewed,  after  Snell’s  manner, 
by  Picard  and  other  mathematicians,  by  the  king’s 
command  ; ufing  a quadrant  of  3-5-  French  feet  radius  ; 
by  wdiich  they  found  a degree  contained  342  360  French 
feet.  See  Picard’s  treatife.  La  Mefure  de  la  Terre. 

M.  Caflini  the  younger,  in  the  year  1700,  by  the 
king’s  command  alfo,  renew'ed  the  bufmefs  wdth  a qua- 
drant of  10  feet  radius,  for  taking  the  latitude,  and 
anotlierof  3-^-  feet  for  taking  the  angles  of  the  trian- 
gles; and  found  a degree,  from  his  calculation,  contain- 
ed 57292  toifes,  oralmoft69^  Englifh  miles. 

See  the  refults  of  many  other  mcafurements  under 
the  article  Degree.  From  the  mean  of  all  which,  the 
following  dimenfions  may  be  taken  as  near  the  truth  ; 
the  circumference  25000  miles, 

the  diameter  79571  Hailes, 

the  fuperficies  198944206  fquare  miles, 

the  lolidity  263930000000  cubic  miles. 

Alfo  the  feas  and  unknown  parts  of  the  earth,  by  a 
meafurement  of  the  beft  maps,  contain  160522026 
fquare  miles,  the  inhabited  parts  38922180;  of  which 
Europe  contains  4456065  ; Afia,  10768823  ; Africa, 
9654807  ; and  America,  14110874. 

It  is  now'  generally  granted  that  the  terraqueous 
globe  has  tw'o  motions,  befides  that  on  which  the  pre- 
ceflion  of  the  equinoxes  depends;  the  one  diurnal 
around  its  own  axis  in  the  fpace  of  24  hours,  which 
conftitutes  the  natural  day  or  nydfhemcron  ; the  other 
annual,  about  the  fun,  in  an  elliptical  orbit  or  track,  in 
365  days  6 hours,  conftituting  the  y'car.  From  the 
former  arife  the  diverfities  of  night  and  day  ; and  from 
the  latter,  the  viciffttudes  of  feafons,  fpriiig,  fummer, 
autumn,  w'inter. 

The  teiraqucous  globe  is  diftinguifhed  into  three 
parts  or  regions,  viz,  ift.  The  external  part  or  cruft, 
being  that  from  which  vegetables  fpring  and  animals  are 
nurfed.  2d,  The  middle,  or  intermediate  part,  w'hich 
is  poffefted  by  fofiils,  extending  farther  than  hu- 
man labour  ever  ymt  penetrated.  3d,  The  internal  or 
central  part,  which  is  utterly  unknowm  to  us,  though 
by  many  authors  fuppofed  of  a magnetic  nature  ; by 
others,  a inafs  or  fphere  of  fire  ; by  others,  an  abyfs  or 
colledfion  of  waters,  lurrounded  by  the  ftrata  of  earth; 
and  by  others,  a hollow,  empty  fpace,  inhabited  by 
animals,  who  have  their  fun,  moon,  planets,  and 
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Other  conveniences  within  the  fame.  But  others  di- 
vide the  body  of  the  globe  into  two  parts,  viz,  the 
external  part,  called  the  cortex,  including  the  internal, 
which  they  call  the  nucleus,  being  of  a different  nature 
from  the  former,  and  pofTeffed  by  f re,  water,  or  more 
probably  by  a confiderable  portion  of  metals,  as  it  has 
been  found,  by ‘calculation,  that  the  mean  denfity  of 
the  whole  earth  is  near  double  the  denfity  of  common 
Hone.  .See  my  determination  of  it,  Philof.  Tranf. 

The  'external  part  of  the  globe  either  exhibits  in  ■ 
equalities,  as  mountains  and  valleys  ; or  it  is  plane  and 
level  ; or  dug  in  channels,  fiffures,  beds,  &c,  for  ri- 
vers, lakes,  feas,  &c.  Thefe  inequalities  in  the  face 
of  the  earth  moll  natiiralills  fuppofe  have  arifen  from 
a rupture  or  fubverfion  of  the  earth,  by  the  force  either 
of  the  fubterraneous  fires  or  waters.  The  earth,  in  its 
iiatural  and  original  Hate,  it  has  been  fuppofed  by  Des 
Cartes,  and  after  him,  Burnet,  Steno,  Woodward, 
Whiilon,  and  others,  was  perfedlly  round,  fmooth, 
and  equable  ; and  they  account  for  its  prefent  rude  and 
irregular  form,  principally  from  the  great  deluge.  See 
Deluge. 

In  the  external,  or  cortical  part  of  the  earth,  there 
appear  various  ftrata,  fuppofed  the  fediments  of  fe- 
veral  floods  ; the  waters  of  which,  being  replete  with 
matters  of  divers  kinds,  as  they  dried  up,  or 
oozed  througli,  depofited  thefe  different  matters,  which 
in  time  hardened  into  flrata  of  Hone,  fand,  coal, 
clay,  See. 

Dr.  Woodward  has  confidered  the  circiimHances  of 
thefe  Hrata  with  great  attention,  viz,  their  order,  num- 
ber, fituation  with  refpedl  to  the  horizon,  depth,  inter- 
feflions,  fiffures,  colour,  confiflence,  See.  He  aferibes 
the  origin  and  formation  of  them  all,  to  the  great  flood 
or  cataclyfmus.  At  that  terrible  revolution  he  fup- 
pofed that  all  forts  of  terreflrial  bodies  had  been  dif- 
folved  and  mixed  with  the  waters,  forming  all  toge- 
ther a chaos  orconfufed  mafs.  This  mafs  of  terreflrial 
particles,  intermixed  with  water,  he  fuppofes  was  at 
length  precipitated  to  the  bottom ; and  that  generally 
according  to  the  order  of  gravity,  the  heaviefl  finking 
firfl,  and  the  lightefl  afterwards.  By  fuch  means  were 
the  flrata  formed  of  which  the  earth  conlifts  ; which, 
attaining  their  folidity  and  hardnefs  by  degrees,  have 
continued  fo  ever  fince.  Thefe  fediments,  he  farther 
concludes,  w'ere  at  firfl  all  parallel  and  concentrical ; 
and  the  furface  of  the  earth  formed  of  them,  perfedlly 
fmooth  and  regular  5 but  that  in  coiirfe  of  time,  divers 
changes  happening,  from  earthquakes,  volcanos,  &c, 
the  order  and  regularity  of  tiie  ftrata  was  diflurbed  and 
broken,  and  the  furface  of  the  earth  by  fuch  means 
brought  to  the  irregular  form  in  which  it  now  ap- 
pears. 

M.  De  Buffon  furmifes  that  the  earth,  as  well  as  the 
other  planets,  are  parts  flruck  off  from  the  body  of  the 
fun  by  the  colhTion  of  comets ; and  that  when  the 
earth  affiimed  its  form,  it  was  in  a ffate  of  Hquefa£lion 
by  fire*  But  that  could  not  be  the  method  of  pro- 
ducing the  planets } for  if  they  were  ftrvick  off  from 
the  body  01  the  fim,  they  would  move  in  orbits  that 
would  always  pafs  through  the  fun,  inftead  of  having 
the  fuii  for  their  focus,  or  centre,  as  they  are  now 
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found ; fo  that  having  been  flruck  off  they  would 
fall  down  into  the  fun  again,  terminating  their  career 
as  it  were  after  one  revolution  only. 

Earth,  in  yijlronomy,  is  one  of  the  primary  planets,  , 
according  to  the  fyflem  of  Copernicus,  or  Pythagoras  ; 
its  aftronomical  charadler  or  mark  being  © : but  ac- 
cording to  the  Ptolomaic  bypothefis,  the  earth  is  the 
centre  of  the  fyflem.  For,  whether  the  earth  move  or 
remain  at  refl,  that  is,  whether  it  be  fixed  in  the  cen- 
tre, having  the  fun,  the  heavens  and  flars  moving  round 
it  from  eafl  to  wefl  ; or,  thefe  being  at  reft,  whether 
the  earth  only  moves  from  weft  to  eafl,  is  the  great  ar- 
ticle that  diftinguilhes  the  Ptolomaic  fyflem  from  the 
Copernican. 

Motion  of  Earth.  It  is  now  univerfally  agreed  that, 
befides  the  fmall  motion  of  the  earth  v,’hich  caufes  the 
preceflion  of  the  equinoxes,  the  earth  has  two  great  and 
independent  motions  ; viz,  the  one  by  which  it  turns 
round  its  own  axis,  in  the  fpace  of  24  hours  nearly,  and 
caufing  the  continual  fuccefiion  of  day  and  night ; and 
the  other  an  abfolute  motion  of  its  whole  mafs  in  a 
large  orbit  about  the  fun,  having  that  luminary  for  its 
centre,  in  fuch  manner  that  its  axis  keeps  always  pa- 
rallel to  itfelf,  inclined  in  the  fame  angle  to  its  path, 
and  by  that  means  cauling  the  vicilfitudes  of  feafons, 
fpring,  fummer,  autumn,  winter. 

It  is  indeed  true  that,  as  to  fenfe,  the  earth  appears 
to  be  fixed  in  the  centre,  with  the  fun,  flars  and  hea- 
vens moving  round  it  every  day ; and  fuch  doubtlefs 
would  be  confidered  as  the  true  nature  of  the  motions 
in  the  rude  ages  of  mankind,  as  they  are  ftill  by  the 
rude  and  unlearned.  But  to  a thinking  and  learned 
mind,  the  contrary  will  foon  appear. 

Indeed  there  are  traces  of  the  knowledge  of  thefe 
motions  in  the  earliefl  age  of  the  fciences.  Cicero,  in 
his  Tufe.  Quasft.  fays  that  Nicetas  of  Syracufe  firfl  dif- 
covered  that  the  earth  had  a diurnal  motion,  by  which 
it  revolved  round  its  axis  every  24  hours  ; and  Plu- 
tarch, de  Placit.  Philofoph.  informs,  that  Philolaus 
difeovered  its  annual  motion  round  the  fun  ; and  Arif- 
tarchus,  about  100  years  after  Philolaus,  propofed  the 
motion  of  the  earth  in  ftronger  and  clearer  terms,  as  we 
are  alTured  by  Archimedes,  in  his  Arenarius.  And 
the  fame,  we  are  farther  aflured,  was  the  opinion  and 
doctrine  of  Pythagoras. 

But  the  religious  opinions  of  the  heathen  world  pre- 
vented this  do^rine  from  being  more  cultivated.  For, 
Ariftarchus  being  accufed  of  facrilege  by  Cleanthes 
for  moving  Vefta  and  the  tutelar  deities  of  the  imiverfe 
out  of  their  places,  the  philofophers  were  obliged  to 
dlflemble,  and  feem  to  relinquilh  fo  perilous  a pofi- 
tion. 

Many  ages  afterwards,  Nic.  Cufaniis  revived  the  an- 
cient fyflem,  in  his  Dodt.  de  Pignorant.  and  aflerted 
the  motion  of  the  earth  ; but  the  dodriae  gained  very 
little  ground  till  the  time  of  Copernicus,  who  ffiewed 
its  great  ufe  and  advantages  in  aflronomy ; and  who 
had  immediately  all  the  philofophers  and  aflronomers 
on  his  fide,  who  dared  to  differ  from  the  crowd,  and 
were  not  afraid  of  ecclefiaflical  cenfure,  which  was  not 
lefs  dangerous  under  the  chriflian  difpenfation,  than  it 
had  been  under  that  of  the  lieathen.  For,  becaufe 
certain  parts  of  feripture  make  mention  of  the  ftability 
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of  the  earth,  and  of  the  motion  of  the  fun,  as  the  ri- 
ling and  fetting,  &c,  the  fathers  of  the  church  thought 
their  religion  required  that  they  Ihould  defend,  with  all 
its  power,  what  they  conceived  to  be  its  doctrines,  and 
to  cenfure  and  punifh  every  attempt  at  innovation  on 
fuch  points.  They  have  now  however  been  pretty  ge- 
nerally convinced  that  in  fuch  inllances  the  expreffions 
are  only  to  be  confidered  as  accommodated  to  appear- 
ances, and  the  vulgar  notions  of  things. 

By  the  diurnal  rotation  of  the  earth  on  its  axis, 
the  fame  phenomena  will  take  place  as  if  it  had  no 
fuch  motion,  and  as  if  the  fun  and  liars  moved  round 
it.  For,  turning  round  from  well  to  call,  caufes  the 
fun  and  all  the  vifible  heavens  to  feem  to  move  the 
contrary  way,  or  from  eall  to  well,  as  we  daily  fee 
them  do.  So,  when  in  its  rotation  it  has  brought  the 
fun  or  a liar  to  appear  jull  in  the  horizon  in  the  call, 
they  are  then  faid  to  be  rifrng  ; and  as  the  earth  conti- 
nues to  revolve  more  and  more  towards  the  eall,  other 
liars  feem  to  rife  and  advance  wellwards,  palling  the 
meridian  of  the  obfereer,  when  they  are  due  fouth 
fiom  him,  and  at  their  greatell  altitude,  above  his  ho- 
rizon ; after  which,  by  a continuance  of  the  fame  mor 
tions,  viz,  of  the  earth’s  rotation  eallwards,  and  the 
luminaries  apparent  counter  motion , wedwards,  thefc 
decline  from  the  meridian,  or  fouth  point,  towards  the 
well,  where  being  arrived,  they  are  faid  to  fet  and  de- 
feend  below  it  ; and  fo  on  continually  from  day  to  day  ; 
thus  making  it. day  while  the  fun  is  above  the  horizon, 
and  night  while  he  is  below  it. 

While  the  earth  is  thus  turning  on  its  axis,  it  is  at 
the  fame  time  carried  by  its  proper  motion  in  its  orbit 
round  the  fun,  as.one  of  theplanets,namely,  between  the 
orbits  of  Venus  and  Mars,  having  the  orbits  of  Venus 
and  Mercury  within  its  own, *or  between  it  and  the  fun, 
in  the  centre,  and  thofe  of  Mars,  Jupiter,  Saturn,  &c, 
without  or  above  it  ; wiiich  are  therefore  called  fuperior 
planets,  and  the  others  the  inferior  ones.  This  is  called 
the  annual  motion  of  the  earth,  becaufe  it  is  performed 
in  a year,  or  365  days  6 hours  nearly  ; or  rather  365 
days  5^  49‘”>  f^rom  any  equinox  or  folllice  to  the  fame 
again,  making  the  tropical  year  ; but  from,  any  fixed 
Har  to.  the  fame  again,  as  feen  from  the  fun,  in  365 
days  6 hours  9 minutes,  which  is  called  the  fidereal 
year.  The  figure  of  this  orbit  is  elliptical,  having  the 
fun  in  one  focus,  the  mean  dillance  being  about  95  mil- 
lions of  miles,  which  is  upon  the  fuppofition  that  the 
fun’s  parallax  is  about  8''^,  or  the  angle  under  which 
the  earth’s  femi-diameter  would  appear  to  an  obferver 
placed  in  the  fun  : and  the  eccentricity  of  the  orbit,  or 
dillance  of  the  fun,  in  the  focus,  from  the  centre  of 
this  elliptic  orbit,  is  about  ^'^th  of  the  mean  dif- 
tance. 

Now’’  this  annual  motion  is  performed  in  fuch  a man-^ 
ner,  thattlie  earth’s  axis  is  every  w^here  parallel,  or  in 
the  fame  diredlion  in  eveiy  part  of  the  orbit ; by  wTich 
means  it  happens,  that  at  one  time  of  the  year  the  fun 
enlightens  more  of  the  north  polar  parts,  and  at  the 
oppofite  feafon  of  the  year  more  of  the  fouthero 
parts,  thus  Ihewing  all  the  varieties  of  feafons,  fpring, 
fummer,  autumn  and  winter ; w’hich  may  be  illuf- 
trated.  in  the  following  manner  : Let  the  < candle  I 
(fig.  I,  plate  viii)  reprefent  the  fun,  about  which  the 


earth  E,  or  F,  &c,  is  moved  in  its  elliptical  orbit 
ABCD,  or  ecliptic,  and  cutting  the  equator  ahed  in 
the  nodes  E and  G ; then,  fufpending  the  terrella  by 
its  north  pole,  and  moving  it,  fo  fiifpended,  round  the 
ecliptic,  its  axis  will  abvays  be  parallel  to  its  firll  pofi- 
tion,  and  the  various  feafons  will  be  reprefented  at  the 
different  parts  of  the  path.  Thus,  when  the  earth  is 
at  05  or  F,  the  enlightened  half  of  it  includes  the  fouth 
pole,  and  leaves  the  north  pole  in  darknefs,  making  our 
winter  ; at  G it  is  fpring,  and  the  two  poles  are  equally 
illuminated,  and  the  days  are  every  wirere  of  the  fame  ’ 
length  ; at  FI  or  Vj’  it  is  our  fummer,  the  north  polar 
parts  being  in  the  illuminated  hemifphere,  and  the 
iouthern  in  the  dark  one;  laflly  at  E it  is  autumn,  the 
poles  being  equally  illuminated  again,  and  the  days 
of  equal  length  every  wiiere. . 

Earth,  its  Quantify  of  Matter^  Derfity,  and‘Attra:> 
tive  Po’iver.  Although  the  relative  denfities  of  the  - 
earth  and  moil  of  the  other  planets  have  been  know’n  a 
confiderable  time,  it  is  but  very  lately  that  w’e  have 
come  to  the  knowledge  of  .the  abfolute  gravity  or  den- 
fity  of  the  wiiole  mafs  of  the  eailh.  . This  I have  cal- 
culated and  deduced  fi*om  the  obfervations  made  by 
F)r.  Maikelyne,  Aflronorner  Royal,  at  the.  mountain  •. 
Schehallien,  in  the  years  1774,  5^  The  at- 

traction of  that  mountain  on  a plummet,  being  ob- 
fei'ved  on  both  fides  of  it,  and  its  mafs  being  computed' 
from  a number  of  feCtions'in  all  directions,  and  confifl- 
ing  of  flone  ; thefe  ■ data  being  then  compared  with 
the  known  attraction  and  magnitude  of  the  earth,  gava.* 
by  proportion  Its  mean  denlity,  which  is  to  that  of 
w'ater  as  9 to  2,  and  to  common  flone  as  9 to  5 : from 
which  very  confiderable  mean  denfity,  it  may  be  pre- 
fumed that  the  internal  pants  contain  fome  great  quan- 
tities of  metals. 

Fkom  the  denfity,  now  found,  its  quantity  of  matter 
becomes  knowm,  being  eq4.ial  to  the  produd  of  its 
denfity  by  its  magnitude.  From  . Veunous  experiirrents 
too,  \vt  know  that  its  attractive  force,  at  the  furface, 
is  fuch,  that  bodies  fall  there  through  a fpace  of  16^^ 
feet  in  the  firit  fecond  of  time  : from  wdience  the  force 
at  any  other  place,  either  within  or  w'ithout  it,  becomes 
knowm  ; for  the  force  at  any  part  within  It,  is  direclly 
as  its  dillance  from  the  centre  ; but  the  force  of  any 
part  without  it,  reciprocally  as  the  fquare  of  its  diffance 
from  the  centre. 

EASd^,  one  of  the  cardinal  points  of  the  horizon, 
or  of  the  compafs,  being  the  middle  point  of  it  be- 
tw’een  north  and  fouth,  on  that  fide  wdiere  the  fu» 
rtfes,  or  the  point  in  w’hichit  is  interfeCted  on  that  fide 
by  the  prime  vertical. . 

EASTEh,  a feafl  of  the  cluirch,  held  in  memory  of 
our  Saviour’s  refurredtlon.  This  feaft  has  been  annually 
celebrated  ever  fince  the  time  of  the  apollles,  and  is 
one  of  the  mod  confiderable  ftdivals  in  the  chiidian 
calendar;  being  that  which  regulates  and. determines 
the  times  of  all  the  other  moveable  feads. 

The  rifie  for  the  celebration  of  Eader,  fixed  by  the 
council  of  Nice,  in  the  year  325,  is,  that  it  be  held  on 
the  Sunday  which  falls  upon,  or  next  after,  the  full 
moon  W’hich  happens  next  after  the  2 id  of  March  ; 
that  is,  the  Sunday  which  falls  upon,  or  next  after  the 
fird  full  mopn  after  the  vertial  equinox.  The  rcafon  of 
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Tvliich  decree  was,  tKat  the  chriftians  might  avoid  cele- 
bratiiig  their  Eafter  at  the  fame  time  with  the  JewiJh 
Pafibver,  which,  according  to  the  inilitution  of  Moles, 
was  held  the  very  day  of  the  full  moon, 

7o  find  Y.ASTEK  according 
to  ihf  Old,  or  yulian  Style, 

In  the  annexed  table,  find 
the  golden  number,  with 
the  day  of  the  pafchal  full 
moon,  and  the  Sunday  let- 
ter annexed;  compare  this 
letter  with  the  dominical 
letter  of  the  given  year,  that 
it  may  appear  how  many 
days  are  to  be  added  to  the 
day  of  the  pafchal  full  moon, 
to  give  Eafter-day. 

Forex.  In  the  year  1715, 
the  dominical  letter  isB,  and 
the  golden  number  is  6,  op- 
lite  to  which  hands  April 
10  for  the  day  of  the  paf- 
chal full  moon  ; oppofite  to 
which  is  the  Sunday  letter 
B,  which  happening  to  be 
the  fame  with  that  of  the 
year  given,  that  day  is 
a Sunday  ; and  therefore 
Eafter  will  fall  7 days  after, 
viz,  on  the  1 7th  of  April. 

But  in  this  computation, 
the  vernal  equinox  is  fup- 
pofed  fixed  to  the  21ft  of 
March ; and  the  cycle  of 
19  years,  or  golden  num- 
bers, is  fuppofed  to  point 
out  the  places  of  the  new 
and  full  moons  exadlly ; 
both  which  fuppofitions  are 
erroneous : fo  that  the  Julian  Eafter  never  happens  at 
its  due  time,  unlefs  by  accident.  For  inftance,  in  the 
above  example  the  vernal  equinox  falls  on  the  loth  of 
March,  eleven  days  before  the  rule  fuppofes  it ; and  the 
pafchal  full  moon  on  the  7th  of  April,  or  3 days  earlier 
than  was  fuppofed : and  therefore  Eafter-day  fiiould  be 
held  on  the  I oth  of  April,  inftead  of  the  17  th. 

This  error  had  growm  to  fuch  a height,  that  pope 
Gregory  the  13th  thought  it  neceffary  to  corred:  it; 
and  accordingly,  in  the  year  1582,  by  the  advice  of 
Aloyfius  Lilius  and  others,  he  ordered  10  days  to  be 
thrown  out  of  061;ober,  to  bring  the  vernal  equinox 
back  again  to  the  2 ift  of  March  ; and  hence  arife  the 
terms  Gregorian  calendar,  Gregorian  year,  &c. 

This  correftion  however  did  not  entirely  remove  the 
error ; for  the  equinoxes  and  folftices  ftill  anticipate 
28'  2o"  in  every  100  Gregorian  years  ; but  the  dif- 
ference is  fo  inconfiderable  as  not  to  amount  to  a 
whole  day,  or  24  hours,  in  lefs  than  5082  Gregorian 
years. 

The  Gregorian,  or  New^  Style,  was  not  introduced 
into  England  till  the  year  1752,  when  eleven  days  were 
thrown  out,  viz,  between  the  3d  and  14th  of  September, 
the  error  amounting  then  to  that  quantity. 


ToJind'Z>k5TtK  according 
to  the  New  or  Gregorian  Style, 
till  the  year  1900  exdujin)e. 

Look  for  the  golden  num- 
ber of  the  year  in  the  firft 
column  of  tiie  table,  againft 
which  ftands  the  day  of  the 
pafchal  full  moon ; then  look 
in  the  3d  column  for  the 
Sunday  letter,  next  after  the 
day  of  the  full  moon,  and 
the  day  of  the  month  ftaiid- 
ing  againft  that  Sunday  let- 
ter is  Eafter-day,  When 
the  full  moon  happens  on  a 
Sunday,  then  the  next  Sun- 
day after  is  Eafter-day. 

For  Ex,  For  the  year 
1790,  the  golden  number 
is  5 ; againft  which  ftands 
March  the  30th,  andthenext 
Sunday  letter,  wEich  is  C, 
below  that,  ftands  oppofite 
April  4,  which  is  therefore 
the  Eafter-day  for  the  year 
1790. 

Though  the  Gregorian 
calendar  be  much  prefera- 
ble to  the  Julian,  it  is  yet 
not  witiiout  its  defeats.  It 
cannot,  for  inftance,  keep 
the  equinox  fixed  on  the 
2 1 it  of  March,  but  it  will 
fometinies  fall  on  the  19th, 
and  fometimes  on  the  23  d. 

Add,  that  the  full  moon  happening  on  the  20th  of 
March,  might  fometimes  be  paichal ; yet  it  is  not  ab 
lowed  as  fuch  in  the  Gregorian  computation  ; as  on  the 
contrary,  the  full  moon  of  the  2 2d  of  March  may  be 
allowed  for  pafchal,  which  it  is  not,  Scaiiger  and  Cal- 
vifius  have  alfo  pointed  out  other  inaccuracies  in  this  ca- 
lendar. An  excellent  paper  on  this  fubjedt  bv  the  ear! 
of  Macclesfield,  may  be  ieen  in  the  Philof.  ''I^ranf,  voL 
40,  pa,  417. 

Easter  Term,  See  Term, 

EAA^ES,  the  margin  or  lowTr  edge  of  the  roof  of 
a houfe,  being  the  low'eft  courfe  of  tiles,  dates,  or  the 
like,  MEich  hang  over  the  walla  to  throw  off  the  w^ater 
to  a diftance  from  the  wall, 

'EA'v^ES-Board,  or  Eaves-A?7/Z-*,  a thick  feather- 
edged  board,  iifiially  nailed  round  the  eaves  of  a 
houfe  for  the  lowerrnoft  tiles,  flate,  or  ftdngles,  to  reft 
upon. 

EBBING  Flowing  of  the  Sea,  See  Tides. 
ECCENTRIC.  See  Excentric. 

ECCENT RICIT Y,  See  E X c e n t r I c I t y . 

ECHO,  or  Eccho,  a found  refiected,  or  reverbe- 
rated from  fome  body,  and  thence  returned  or  repeated 
to  the  ear. 

For  an  echo  to  be  heard,  the  ear  mull  be  in  the  line 
of  reflection  ; that  the  perfon  w'ho  made  the  found, 
may  hear  the  echo,  it  is  neceffary  he  fhould  be  in  a 
perpendicular  to  the  place  which  reflects  it ; and  for  a 
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triiiltiplc  or  tautological  echo,  it  is  neccITary  there  he  a 
number  of  walls  and  vaults,  rocks,  and  cavities,  either 
placed  behind  each  other,  or  fro'nting  each  other. 
Thofe  murmurs  in  the  air,  that  are  occafioned  by  the 
diicharge  of  great  guns,  &c,  are  a kind  of  indefinite 
echoes,  and  are  produced  from  the  vaporous  particles 
fiifpended  in  the  atmofphere,  which  refill  the  undula- 
tions of  found,  and  reverberate  them  to  the  ear. 

There  can  be  no  eclio,  unlefs  the  dire6l  and  reflex 
founds  follow  one  another  at  a fufficient  dillance  of 
time  ; for  if  the  reflex  found  arrive  at  the  ear  before 
the  impreflion  of  the  diredt  found  ceafes,  the  found  will 
not  be  doubled,  but  only  rendered  more  inteiife.  Now 
if  we  allow  that  9 or  10  fyllables  can  be  pronounced  in 
a fecond,  in  order  to  preferve  the  founds  articulate  and 
diilincl,  there  fhould  be  about  the  9th  part  of  a fecond 
between  the  times  of  their  appulfe  to  the  ear  ; or,  as 
found  flies  about  1142  feet  in  a fecond,  the  faid  differ- 
ence flrould  be  ^ of  1142,  or  127  feet;  and  therefore 
every  fyllable  will  be  reflecled  to  the  ear  at  the  dillance 
of  about  70  feet  from  the  refle6ling  body  ; but  a^,  in 
tlie  ordinary  Vray  of  fpcaking,  3 or  4 fyllables  only  are 
Uttered  in  a fecond,  the  fpeaker,  that  he  may  have  tlie 
echo  returned  as  foon  as  they  are  expreffed,  fliould 
fland  about  coo  feet  from  the  refledling  body  ; and  fo 
in  proportion  for  any  other  number  of  fyllables.  hler- 
fenne  allows  for  a monofyllable  the  dillance  of  69  feet  p 
Morton,  90  feet ; for  a dilfyllable  loy  feet,  a trifyllable 
160  feet,  a tetrafy liable  182  feet,  and  a pentafyllable 
204  feet.  Nat.  Hill.  Northampton,  cap.  5,  pa.  358. 

From  what  has  been  faid,  ft  follows  that  echoes  may 
be  applied  for  meafuring  inacceflible  dillances.  Thus, 
Mr.  Derham,  Handing  upon  the  banks  of  the  Thames, 
oppofite  to  Woolwich,  obferved  that  the  echo  of  a 
Angle  found  was  rcfledled  back  from  the  lioufes  in  3 fe- 
conds  ; confequently  the  fum  of  the  diredt  and  reflex 
rays  muH  have  been  1 142  X 3 = 3426  feet,  and  the  half 
of  it,  1713  feet,  the  breadth  of  the  river  in  that  place. 

It  alfo  follows  that  the  echoing  body  being  removed 
farther  off,  it  reflects  more  of  the  found  than  when 
nearer ; which  is  the  reafon  why  fome  echoes  repeat 
bat  one  fyllable,  or  one  word,  and  fome  many.  Of 
thefe,  fome  are  tonical,  which  only  return  a voice  when 
modulated  into  fome  particular  mufical  tone ; and 
others  polyfyllabical.  That  fine  echo  in  Wcodllock 
park.  Dr.  Plot  alTures  us,  in  the  day-time  will  return 
very  dillindlly  1 7 fyllables,  and  in  the  night  20.  Nat. 
Hill.  Oxf.  cap.  I,  pa.  7. 

Echoing  bodies  may  be  fo  contnved,  and  placed, 
as  that  refleefting  the  found  from  one  to  the  other,  a 
multiple  echo,  or  many  echoes,  fliall  arife. — At  Rof- 
neath,  near  Glafgow,  in  Scotland,  there  is  an  echo  that 
repeats  a tune  played  with  a trumpet  three  times  com- 
pletely and  diflinclly% — At  the  fcpulchre  of  Metella,. 
wife,  of  Crafliis,  there  was  an  echo,  which  repeated 
what  a man  Aid  five  times. — Authors  mention  a tower 
at  Cyzicus,  where  the  echo  repeated  feven  times.' — . 
There  is  an  echo  at  Bruflcls,  that'  anfvvers  15  times. 

One  of  the  finefl  echoes  we  read  of,  is  that  mentioned 
by  Barthius,  in  his  notes  on  Statius’s  Thtbais,  lib.  6,  ver. 
30,  which  repeated  the  words  a man  uttered  17  times. 
This  was  on  the  banks  of  the  Naha,  between  Cobleutz 
and  Bingen.  And  whereas,  in  common  echoes,  tlie  repe- 
tition is  not  heard  till  fome  lime  after  heaj-ing  the  words 

VoL.  B 


fpoken,  or  the  notes  fung  ; in  this,  the  perfon  who 
fpeaks,  or  fings,  is  fcarce  heard  at  all ; but  the  repe- 
tition very  clearly,  and  always  in  furprifmg  varieties  ; 
the  echo  feeming  fometimes  to  approach  nearer,  and 
fometimes  farther  off ; fometimes  the  voice  is  heard 
very  diflinflly,  and  fometimes  fcarce  at  all  1 one  perfon 
hears  only  one  voice,  and  another  feveral ; one  hear^ 
the  echo  on  the  right,  and  the  other  on  the  left,  &c. 

Addifon,  and  other  travellers  in  Italy,  mention  an 
echo  at  Simonetta  palace,  near  Milan,  flill  more  extra- 
ordinary', returning  the  found  of  a piltoi  56  times. 
The  echo  is  heard  behind  tlie  honfe,  which  has  two- 
wings  ; the  pillol  is  drfeharged  from  a window  in  one 
of  thefe  wings,  the  found  is  returned  from  a dead  wall 
in  the  other  wing,  and  heard  from  a window,  in  the 
back-front.  See  Addif.  Travels,  pa.  32  MifTon, 
Voy'ag.  d’ltal.  tom.  2,  pa.  196  ; Philof.  Tranf.  N°  480, 
pa.  220. 

Farther,  a multl]jle  echo  may  be  made,  by  fo  placing  . 
the  echoing  bodies,  at  unequal  dillancesi  as  that  thc'y 
may  refle6l  all  one  way,  and  not  one  on  the  other  • by 
which  means,  a manifold  fucceflive  found  will  be  heard; 
one  clap  of  the  hands  like  many  ; one  /}a  like  a laugh- 
ter ; one  fingle  word  like  many  of  the  fame  tone  and 
accent  ; and  fo  one  mufical  inilrument  like  many  of  the 
fame  kind,  imitating  each  other. 

Ladly,  echoing  bodies  may  be  fo  ordered,  that  from 
any  one  found. given,  they  fhall  produce  many  echoes,' 
different  both  as  to  tone  and  intenfion.  By  which 
means  a mufical  room  may  be  fo  contrived,  that  not  only 
one  inftrument  playing  in  it  fliall  feem  many  of  the  fame 
fort  and  fize,  but  even  a concert  of  different  ones  ; this 
may  be  contrived  by  placing  certain  echoing  bodies  fo, 
as  that  any'  note  played,  fliall  be  returned  by  them  in 
3ds,  5ths,  and  Sths. 

Echo  is  alfo  ufed  for  the  place  where  the  repetition 
of  the  found  is  produced,  or  heard.  This  is  cither  na- 
tural or  artificial. 

In  echoes,  the  place  where  the  fpeaker  (lands,  A 
called  the  centrum  phomeum  ; and  the  objedl  or  place 
that  returns  the  voice,  the  centrum  phonocamptkum. 

Echo,  in  Architedlure,  is  applied  to  certain  vaults 
and  arclies,  moflly  of  elliptical  or  parabolical  figures  ; 
nfed  to  redouble  founds,  and  produce  artificial  eclioes. 
— Tlie  metliod  of  making  them  is  taught  by'  F.  Blan- 
cani,  in  his  Echonietria,  at  the  end  of  his  book  on  the 
Sphere. 

Vitrim’us  tells  us,  that  in  divers  parts  of  Greece  and 
Italy  there  were  brazen  veffcls,  artfully  ranged  under 
the  feats  of  the  theatres,  to  render  the  found  of  the  ac- 
tors’ voices  more  clear,  and  make  a kind  of  echo  ; by 
which  means,  every  one  of  the  prodigious  multitude  of 
perfons,  prefent  at  thofe  fpedtacles,  might  hear  with 
cafe  and  plealure. 

ECUPSAREON,  an  inflrument  invented  by  Mr. 
Fergufon  for  fliewing  the  phenomena  of  eclipfes  ; as 
their  time,  qudntity,  duration,  progrefs,  &c. ' Fergu- 
fo)i’s  Aflron.,  or  Philof.  Tranf.  vol.  48,  pa.  520. 

ECUP8E,  a privation  of  the  light  of  one  of  the 
luminaries,  by  the  interpofitioii  o-f  fome  opaque  body, 
either  between  it  and  the  eye,  or  between  it  and  the 
fun. 

The  ancients  had  terrible  ideas  of  eclipfes;  fnppofing 
them  prefag  es  of  fume  di'Cadful  e/cr.ts.  Plutarch  affures 
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tliat  at'Rome  it  was  not  allowed  to  talk  publicly  of 
any  natural  caufes  of  eclipfes ; the  popular  opinion 
tunning  fo  llrongly  in  favour  of  their  fupernatural  pro- 
dudtioH,  at  leaft  thofe  of  the  moon  ; for  as  to  thofe  of 
the  fun,  they  had  fome  idea  that  they  were  caufed  by 
the  interpofition  of  the  moon  between  us  and  the  fun  ; 
but  were  at  a lofs  for  a body  to  interpofe  between  us 
and  the  moon,  which  they  thought  muil  be  the  way,  if 
the  eclipfes  of  the  moon  were  produced  by  natural 
cairfes.  They  therefore  made  a great  noife  with  brazen 
inftruments,  and  fet  up  loud  fliouts,  during  eclipfes  of 
the  moon;  thinking  by  that  means  to  cafe  her  in  la- 
bour : whence  Juvenal,  fpeaking  of  a talkative  woman, 
fays,  Una  labor  anti  poterit  fuccurrere  lima.  Others  at- 
tributed the  eclipfe  of  the  moon  to  the  arts  of  magi- 
cians, who,  by  their  inchantments,  plucked  her  out  of 
heaven,  and  made  her  Heim  over  the  grafs. 

The  natives  of  Mexico  keep  faft  during  eclipfes  ; 
and  particularly  their  worcien,  who  beat  and  abufe  them- 
felves,  drawing  blood  from  their  arms,  See  ; imagining 
the  mooi^  has  been  wounded  by  the  fun,  in  fome  quar- 
rel betv/een  them. 

The  Chinefe  fancy  that  eclipfes  are  occalioned  by 
great  dragons,  who  are  ready  to  devour  the  fun  and 
moon  ; and  therefore  when  they  perceive  an  eclipfe, 
they  rattle  drums  and  brafs  kettles,  till  they  think  the 
moniler,  terrified  by  the  noife,  lets  go  his  prey. 

The  fuperifitious  notions  entertained  of  eclipfes,  were 
once  of  conhderable  advantage  to  Chriftopher  Colum- 
bus, the  difeoverer  of  Amierica,  who  being  driven  on  the 
ifland  of  Jamaica  in  the  year  1493,  and  dihreffed  for 
want  of  provifions,  was  refufed  relief  by  the  natives  ; 
but  having  threatened  them  with  a plague,  and  fore- 
telling an  eclipfe  as  a token  of  it,  which  happened  ac- 
cording to  his  predidfion,  the  barbarians  were  fo  terri- 
fied, that  they  flrove  who  fhould  be  the  firil  in  bring- 
ing him  fiipplies,  throwing  them  at  his  feet,  and  im- 
ploring forgivenefs. 

Duration  of  an  Y.ChivsY.,  is  the  time  of  its  continu- 
ance, or  between  the  immeriion  and  emerflon. 

Immerfion^  or  Incidence^  of  an  Ecljpse,  is  the  mo- 
ment when  the  eclipfe  begins,  or  when  part  of  the  fun, 
moon,  or  planet  firir  begins  to  be  obfeured. 

Emsrfon^  or  Expurgation,  of  Eclipse,  is  the  time 
when  the  eclipfed  luminary  begins  to  re-appear,  ©r 
emerge  out  of  the  fnadow. 

^lantlty  of  an  Eclipse,  is  the  part  of  the  luminary 
eclipfed.  To  determine  the  quantity  eclipfed,  it  is 
ufual  to  divide  the  diameter  of  the  luminary  into  12 
equal  parts,  called  digits ; v/hence  the  eclipfe  is  faid  to 
be  of  fo  many  digits  according  to  the  number  of  them 
contained  in  that  part  of  the  diameter  which  is  eclipfed 
or  obfeured. 

Eclipfes  are  divided,  with  refpedf  to  the  luminary 
eclipfed,  into  Eclipfes  of  the  fun,  of  the  moon,  and  of  the 
fdtelUtes  / and  with  refpeff  to  the  circumftanccs,  into 
total,  partial,  annular,  central.  Sec, 

Annular  Eclipse,  is  vrhen  the  whole  is  eclipfed,  ex- 
cept a ring,  or  annulus,  which  appears  round  the  bqrder 
■or  edge. 

Central  Eclipse,  is  one  in  which  the  centres  of  the 
t/wo  luminaries  and  the  earth  come  into  the  fame 
-Hi'aight  line. 


Eclipse,  is  when  only  a part  of  the 
nary  is  eclipfed.  And  a 

Eotal  Eclipse,  is  that  in  which  the  whole  luminary 
is  darkened. 

Eclipse  of  the  Moon,  is  a privation  of  the  light  of 
the  moon,  occafioned  by  an  interpoiition  of  the  body 
of  the  earth  diredtly  between  the  fun  and  moon,  and  fo 
intercepting  the  fun’s  rays  that  they  cannot  arrive  at 
the  moon,  to  illuminate  her.  Or,  the  obfeuration  of 
the  moon  may  be  confidered  as  a fedtion  of  the  earth’s 
conical  fhadow,  by  the  moon  palling  through  fome  part 
of  it. 

The  manner  of  this  eclipfe  is  reprefented  in  this  fi- 
gure, where  S is  the  fun,  E the  earth,  and  M or  M the. 
moon. 


Lunar  Eclipfes  only  happen  at  the  time  of  full 
moon  ; becaufe  it  is  only  then  the  earth  is  between  the 
fun  and  moon  : nor  do  they  happen  every  full  moon, 
becaufe  of  the  obliquity  of  the  moon’s  path  with  refpe£b 
to  the  fun’s  ; but  only  in  fuch  full  moons  as  happem 
either  at  the  interfedlion  of  thofe  two  paths,  called  the 
moon’s  nodes,  or  very  near  them  ; viz,  when  the  moon's 
latitude,  or  diftance  between  the  centres  of  the  earth 
and  moon,  is  lefs  than  the  fum  of  the  apparent  femi- 
diameters  of  the  moon  and  the  earth’s  fhadow. 

The  chief  Circumjlances  in  Lunar  Eclipfes,  are  the  fol- 
lowing; — I.  All  lunar  Eclipfes  are  univerlal,  or  vifible 
in  all  parts  of  the  earth  which  have  the  moon  above 
their  horizon  ; and  are  every  where  of  the  fa.m.e  magni- 
tude, with  the  fame  beginning  and  end. — 2.  In  all  lu- 
nar eclipfes,  the  eailern  lide  is  wTat  lirft  immerges.  and 
emerges  again,  i.  e.  the  left-hand  fide  of  the  mgon  as. 
we  look  towards  her,  from  the  north  ; for  the  proper 
Kiotion  of  the  moon  being  fwifter  than  that  of  the 
earth’s  hiadow,  the  moon  approaches  it  from  the  weft, 
overtakes  and  palfes  through  it  with  the  moon’s  eaft 
fide  foremoit,  leaving  the  fiiadow  behind,  or  to  the 
weftward. — 3.  Total  eclipfes,  and  thofe  of  the  longeft 
duration,  happen  in  the  very  nodes  of  the  ecliptic ; be- 
caufe the  feeftion  of  the  earth’s  fhadow,  then  falling  on 
the  moon,  is  confiderably  larger  than  her  dife.  There 
may  however  be  total  eclipfes  within  a fmall  diftance 
of  the  nodes  ; but  their  duration  is  the  lefs  as  they  are 
farther  from  it  ; till  they  become  only  partial  ones,  and 
at  laft,  none  at  all. — 4.  The  moon,  even  in  the  middle 
of  an  eclipfe,  has  ufually  a faint  appearance  of  light,  re- 
fembling  tarnifhed  copper;  wTich  Gaflendus,  Ricciolus, 
Kepler,  Sec,  attribute  to  the  light  of  the  fun,  refradted 
by  the  earth’s  atmofphere,  and  fo  tranfmitted  thither. 
•—Laftly,  fire  grows  fenfibly  paler  and  dimmer,  before 
entering  into  the  real  fliadow  ; owing  to  a penumbra 
which  furrounds  that  fhadow  to  fome  diftance. 

Aflronomy  of  Lunar  Eclipses,  or  the  method  of  calcu- 
lating their  times,  places,  magnitudes,  and  other  phenomena. 

The 
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*rhe  ifl:  preliminary  is  to  find  the  lengtli  of  the  earth’s 
conical  fliadow.  This  may  be  found  either  from  the 
diflance  between  the  earth  and  fun,  and  the  proportion 
of  their  diameters,  or  from  the  angle  of  the  fun’s  appa- 
rent magnitude  at  the  time.  Thus,Tuppofe  the  femi- 
axis  of  the  earth’s  orbit  95,000000  miles,  and  the  ec- 
centricity^ of  the  orbit  i,3'7'7ooo  miles,  making  the 
greatefl  dillance  96,375000  miles,  or  24.194  femldiame- 
ters  of  the  earth  ; and  the  fun’s  femidlameter  being  to 
- the  earth’s,  as  112  to  i ; then  as  Al)  : BE  : : DB  : 
EC,  that  is,  III  : i 24194  : 218  femidiameters  of 
the  earth  = EC  the  length’ of  the  earth’s  fiiadotr. 
Otherwife,  fuppofe  the  angle  AES,  or  the  fun’s  apoa- 
rent  femidlameter  be  15'  56'',  and  the  angle  BAE,"or 
the  fun  s parallax  8*6^^,  then  is  their  difference,  or  the 
angle  ACE  = 15'  47‘4" ; hence,  as  tang.  15'  47*4^'  : 
radius  ; ; BE  or  i : 218  nearly  ~ CE,  the  fame  dif- 
t<ince  as  before.  Hence,  as  the  moon’s  leaft  dillance 
from  the  earth  is  fcarce  56  femidiameters,  and  the 
greateft  not  more  than  64,  the  moon,  when  in  oppofi- 
tion  to  the  fun.  In  or  near  the  nodes,  will  fall  into  the 
earth’s  fhadow,  and  will  be  eclipfed,  as  the  length  of  the 
fiiadow  is  almofl  4 times  the  moon’s  dIfiance. 

2^  ‘To  jind  the  apparent  femidlameter  of  the  eartJds 
Jhadonu^  in  the  place  where  the  moon  paffes  through  it, 
at  any  given  time.  Add  together  the  fun  and  moon’s 
parallaxes,  and  from  the  fum  fubtradf  the  apparent  fe- 
mldiameter  of  the  fun  ; fo  fhall  the  remainder  be  the 
apparent  femudiameter  of  the  fhadow  at  the  place  of  the 
moon’s  pafi'age.  For  ex.  the  28th  of  April  1790,  at 
midnight,  the  moon’s  parallax  is  61'  9",  to  which  add 
8-6-'',  or  9",  for  the  fun’s  parallax,  from  the  fum 
61'  18  take^  fun’s  apparent  femidiameter_, 

and  the  remainder  45/  22^^  is  the  femidiameter  of  the 
fhadow  at  the  piace  where  the  moon  paffes  through 
at  that  time.  N.  B.  Some  omit  the  fun’s  parallal:, 
as^  of  no  confcquencc  ; but  increafe  the  apparent  fe- 
midiameter of  the  fhadow  by  one  whole  minute,  for 
the  fhadow  of  the  atmofphere  ; which  would  give 
the  femidlameter  of  the  Ihadow,  m the  cafe  above 
^6' if'. 

3.  There  miift  alfo  be  had,  the  true  difiance  of  the 
moon  from  the  node,  at  the  mean  oppofition  ; alfo  the 
true  time  of  the  oppofition,  with  the  true  place  of  the 
fuji  and  moon,  reduced  to  the  ecliptic  ; llkewife  the 
moon’s  true  latitude  at  the  time  of  the  true  oppofition  ; 
the  angle  of  the  moon’s  way  with  the  ecliptic,  and  the 
true  horary  motions  of  the  fun  and  moon  ; from  which 
all  the  circiimAances  of  her  eclipfe  may  be  computed 
iy  common  arithmetic  and  trigonometry. 

To  ConfruB  an  Eclipse  of  the  Moon. 

/ 

Let  EW  be  a part  of  the  ecliptic,  and  C the  centre 
of  the  earth  s fliadow,  through  which  draw  perpendicu- 
lar to  EW,  the  line  CN  towards  the  north,  if  the  moon 
have  north  latitude  at  the  time  of  the  eclipfe,  or  CS 
foiithward,  if  flie  have  fouth  latitude.  Make  the  angle 
ECU  equal  to  the  angle  of  the  moon’s  way  with  the 
ecliptic,  which  may  be  always  taken  at  5°  35^  on  an 
average,  without  any  fenfible  error;  and  bifcA  this 
angle  by  the  right  line  CF  ; in  which  line  it  is  that  the 
true  equal  time  cf  oppofition  of  the  fun  and  moon  falls, 
ac  given  by  the  tables. 
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From  a convenient  fcale  of  equal  parts,  reprefenting 
minutes  of  a^  degree,  take  the  moon’s  latitude  at  the 
true  Eme  of  full  moon,  and  fet  it  from  C to  G,  on  th<? 
line  CF  ; and  through  the  point  G,  at  right-angles  to 
CL),  draw  the  right  line  HKGLI  for  the  path  of  the 
moon  s centre.  Then  is  E the  point  iii  the  earth’i 
fhadow,  where  the  moon’s  centre  is  at  the  middle  of 
the  eclipfe  ; G the  point  where  her  centre  is  at  the 
tabular  time  of  her  being  full ; and  K the  point  where 
hei  centre  is  at  the  inftant  of  her  ecliptic  oppofition  5 
alfo  I the  moon’s  centre  at  the  moment  of  immerfion', 
and  H her  centre  at  the  end  of  the  eclipfe. 

W ith  the  moon’s  femidiameter  as  a radius,  and  the 
points  I,  L,  H,  as  centres,  deferibe  circles  for  the 
moon  at  the  beginning,  middle,  and  end  of  the  eclipfe. 

Finally,  the  length  of  the  line  of  path  IH,  meafured 
on  the  fame  fcale,  will  ferve  to  determine  the  duration 
of  the  eclipfe,  viz,  by  faying.  As  the  moon’s  horary  mo- 
tion from  the  fun  is  to  IH  : : i hour  or  60  min.  to- the 
whole  duration  of  the  eclipfe. 

To  Compute  a Lunar  Eclipse.  This  will  be  very 
eafy  from  the  foregoing  conftrudlion.  For,  ift,  in  the 
triangle  CGL,  right-angled  at  L,  there  arc  given  the 
hypothenufe  CG  = the  moon’s  latitude  at  the  time  of 
full^moon,  and  the  angle  GCL  rr  the  half  of  5°  35H 
to^  find  the  legs  CE  and  EG.' — 2d,  In  the  right-angled 
triangle  CHE  or  CIE,  are  given  the  leg  CL,  and  CH 
or  Cl,  the  fum  of  the  femidiameters  of  the  moon  and 
the  earth’s  Ihadow ; to  find  EH  or  U,  half  the  dif- 
ference  of  the  fun’s  and  moon’s  motions  during  the 
time  of  the  eclipfe. — 3d,  As  the  difference  of  the  ho- 
rary motions  of  the  luminaries  is  to  one  hour,  or  60 
min.^  : : HE  to  the  femiduration  of  the  eclipfe,  and 
: : (tL  to  the  difference  between  the  oppofition  and 
middle  of  the  eclipfe  ; this  lafl  therefore  taken  from 
the  time  of  full  moon,  gives  the  time  of  the  middle  of 
the  eclipfe  ; from  which  fubtradfiing  the  time  in  LI, 

01  femiduration  before  found,  gives  the  beginning  of 
the  eclipfe  ; or  add  the  fame,  and  it  gives  the  end  of 
it.' — I^afily,  from  CO  the  femidiameter  of  the  fiiadow, 
take  CL,  leaves  I.O  ; to  which  add  EP,  the  moon’s 
femidiameter,  when  neceffary,  gives  OP  the  quantity 
eclipfed. 

Noley  When  the  moon’s  dillance  from  the  node  ex- 
ceeds 1 2®,  there  can  be  no  echpie  of  the  moon  ; or, 
more  accurately,  the  limit  is  from  io|  and  12  A de- 
grees, according  to  the  diffances  of  the  fun,  carth°  and 
moon. 

Eclipse  of  the  Suuy  is  aa  occultation  of  the  fun’s 
% ^ ^ body* 
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l)ody,  occafion^d  by  an  interpofition  of  the  moon  be- 
tween the  earth  and  fun.  On  which  account  it  is  by 
feme  confidered  as  an  eclipfe  of  the  earth,  fince  the 
light  of  the  fun  is  hid  from  the  earth  by  the  moon, 
whofe  fhadow  involves  a part  of  the  earth. 

The  manner  of  a folar  eclipfe  is  reprefented  in  this 
figure  j where  S is  the  fun,  m tlie  moon,  and  CD  the 


earth,  rmso  the  liioon’^’s  conical  fhadow,  travelling  over 
a .part  of  the  earth  CoD,  and  making  a complete  eclipie 
to  all  the  inhabitants  redding  in  that  track,  but  no 
where  elfe  ; excepting  that  for  a large  fpace  around 
it  there  is  a fainter  fhacle,  included  within  all  the  fpace 
rCDj-,  which  is  called  the  Pemirrihra. 

Hence,  'Solar  Eclipfes  happen  when  the  moon  is  in 
xonjundlion  with  the  fun,  or  at  the  new  moon,  and 
alfo  in  the  nodes  or  near  them,  the  limit  being  about 
17  degrees  on  each  fide  of  it ; and  fucli  eclipfes  only 
happen  v/hen  the  latitude  of  the  moon,  viewed  from 
the  earth,  is  lefs  than  the  fum  of  the  apparent  femidiame- 
ters  of  the  fun  and  moon;  becaufe  the  moonds  way 
is  ’oblique  to  the  ecliptic,  or  fxm’s  path,  making  an 
angle  of  nearly  5°  35/  with  it. 

In  the  nodes,  w'hen  the  moon  has  no  vifible  latitude, 
the  occLiltation  is  total ; and  with  fame  continuance, 
when  the  dife  of  the  moon  in  perigee  appears  greater 
than  that  of  the  fun  in  apogee,  and  its  fhadow  is  ex- 
tended beyond  the  furface  of  the  earth  ; and  without 
continuance  at  moderate  diflances  when  the  ciifp,  or 
point  of  the  moon’s  fhadow^,  barely  touches  the  earth. 
Laftly,  out  of  the  nodes,  but  near  them,  the  eclipfes 
are  partial. 

The  other  circumilances  of  folar  eclipfes  are,  .1. 
That  none  of  them  are  univerfal ; that  is,  noixe  of  them 
are  feen  throughout  the  whole  hemifphere  which  the 
■fun  is  then  above  ; the  moon’s  dife  being  much  too 
little,  and  much  too  near  the  earth,  to  hide  the  fun 
from  the  whole  dife  of  the  earth.  Commonly  the 
moon’s  dark  fhadow  covers  only  a fpot  on  the  earth’s 
furface,  about  180  iTilles  broad  when  the  fun’s  diflance 
is  greateft,  and  the  moon’s  leaf!;.  But  her  partial  fliadowy 
or  penumbra,  may  then  cover  a circular  fpace  of  4900 
miles  in  diameter,  within  w^hich  the  fun  is  more  or  lefs 
eclipfed,  as  the  places  are  nearer  to  or  farther  from  the 
centre  of  the  penumbra.  In  this  cafe  the  axis  of  the 
fhade  pafTes  through  the  centre  of  the  earth,  or  the 
new  moon  happens  exactly  in  the  node,  and  then  it 
is  evident  that  the  feflion  of  the  fhadow  is  circu- 
lar ; but  in  every  other  cafe  the  conical  fhadow  is  cut 
obliquely  by  the  furface  of  the  earth,  and  the  fedlioii 
will  be  an  oval,  and  very  nearly  a true  ellipfis. 

2.  Nor  does  the  Eclipfe  appear  the  fame  in  all  parts 
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of  the  earth,  where  it  is  feen ; but  when  in  one  plao^ 
it  is  total,  in  another  it  is  only  partial.  Farther,  wdrea 
the  moon  appears  much  lefs  than  the  fun,  as  is  chiefly 
the  cafe  when  flie  is  in  apogee  and  he  in  perigee,  the 
vertex  of  the  lunar  fliadow  is  then  too  fliort  to  reach 
the  earth,  and  though  fhe  be  in  a central  conjunflion 
with  the  fun,  is  yet  not 'large  enough  to  cover  his 
whole  dife,  but  lets  his  limb  appear  like  a lucid  ring 
or  bracelet,  and  fo  caufes  an  Annular  Eclipfe^ 

3.  A Solar  Eclipfe  does  not  happen  at  the  fame 
time,  in  all  places  wdiere  it  is  feen  ; but  appears  more 
eXudy  to  the  weflern  parts,  and  later  to  the  eaftern; 
as  the  motion  of  the  moon,  and  confequently  of 
lier  fhadow,  is  from  weft  to  eaft. 

4.  In  moft  Solar  Eclipfes  the  moon’s  dife  is  covered 
with  a faint  light ; which  is  attributed  to  the  reflexion 
of  the  light  from  the  illirminated  part  of  the  earth. 

Laftly,  in  total  Eclipfes  of  the  fun,  the  moon’s  limb 
is  feen  farrounded  by  a pale  circle  of  light ; which 
fome  aftronomers  confider  as  an  indication  of  a lunar 
atmofphere  ; but  others  as  the  atmofphere  of  the  fuiv 
becaufe  it  has  been  obferved  to  move  equally  with  the 
fun,  and  not  with  the  moon  ; and  befides,  it  is  generally 
believed  that  the  moon  is  without  any  atmofphere, 
-unleCs  it  be  one  that  is  very  fmall,  and  very  rare. 

To  determine  the  Bounds  of  a Solar  Eclipse. 

If  the  moon’s  parallax  were  infenfible,  the  bounds 
of  a folar  eclipfe  would  be  determined  after  the  fame 
manner  as  thofe  of  a lunar  ; but  becaufe  here  is  a fenfi- 
ble  parallax,  the  method  i?  a little  altered,  viz. 

I.  Add  together  the  apparent  femidiameters  of  the 
luminaries,  both  in  apogee  and  perigee ; which  gives 
33^6'Hor  the  greateft  fum  of  them,  and  30'' 31^'' for 
the  lealt  fum. 

.2.  Since  the  parallax  dirainillies  the  northern  latitude 
and  augments  the  fouthern,  therefore  let  the  greateft 
parallax  in  latitude  be  added  to  the  former  fums,  and 
alfo  fubtraAed  from  them  : Thus  in  each  cafe  there 
wdll  be  had  the  ^.rue  latitude,  beyond  which  there  can 
be  no  eclipfe.  This  latitude  being  given,  the  moon’s 
diftance  from  the  nodes,  beyond  which  eclipfes  cannot 
happen,  is  found  as  for  a lunar  eclipfe.  This  limit 
is  nearly  between  i6§  and  i8|  degrees  diftance  from  the 
nodes. 

To  find  the  Digits  eclipfed.  Add  the  apparent  femi- 
diameterd^  of  the  luminaries  into  one  fum  ; from  which 
fubtraff  the  moon’s  apparent  latitude ; the  remainder 
is  the  fcruples,  or  parts  of  the  diameter  eclipfed.  Then 
fay.  As  the  femidiameter  of  the  fun  is  to  the  fcruples 
eclipfed  ; fo  are  6 digits  reduced  into  fcruples,  viz  360 
fcruples  or  minutes,  to  the  digits  &c  eclipfed. 

To  determine  the  Duration  of  a Solar  Eclipse.  Find 
the  horary  mation  of  the  moon  from  the  fun,  for  one 
hour  before  the  conjundlion,  and  another  hour  after ; 
then  fay,  As  the  former  horary  motion  is  to  the  feconds 
in  an  hour,  fo  are  the  fcruples  of  half  duration  (found 
as  in  a lunar  eclipfe)  to  the  time  of  immerfion  ; and 
as  the  latter  horary  m.otion  is  to  the  fame  feconds,  fo 
are  the  fame  fcruples  of  half  duration  to  the  time  of 
emerlion.  'Laftly,  adding  the  times  of  immerfton  and 
emerfton  together,  the  aggregate  is  the  total  dura- 
tion. 

-The  moon’s  apparent  diameter  when  largeft,  cx.r 
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<teeds  iKe  fun’s  when  lead,  only  2^  of  a degree  ; and  at 
the  greatefl  iolar  eclipfe  that  can  happen  at  any  time 
and  place,  the  total  darknefs  cannot  continue  any  longer 
than  whilft  the  moon  is  moving  through  this  z'  from 
the  fun  in  her  orbit,  which  is  about  4 minutes  of  time  : 
for  the  motion  of  the  fhadow  on  the  earth’s  difc  is 
equal  to  the  moon’s  motion  from  the  fun,  which  on 
account  of  the  earth’s  rotation  on  its  axis  towards  the 
fame  way,  or  eaftward,  is  about  30!  minutes  of  a de- 
gree every  hour,  at  a mean  rate  ; but  fo  much  of  the. 
moon’s  orbit  is  equal  to  30^  degrees  of  a great  circle 
-on  the  earth,  becaufe  the  circumference  of  the  moon’s 
orbit  is  about  60  times  that  of  the  earth  ; and  there- 
fore the  moon’s  fhadow  goes  30^  degrees,  or  1830 
geographical  miles  in  .an  hour,  or  3od  miles  in  a minute. 

To  determine  the  Beginning ^ Ivluldle^  and  End,  of  a 
Solar  Eclipfe.  From  the  moon’s  latitude,  for  the  time 
of  conjunction,  find  the  arch  GI^  (lad  fig.  but  one), 
or  the  diftance  of  the  greated  obfeurity.  Then  fay, 
as  the  horary  motion  of  the  moon  from  the  fun,  be- 
fore the  conjundtion,  is  to  i hour  ; fo  is  the  didance 
of  the  greated  darknefs,  to  the  interval  of  time  between 
ihe  greated  darknefs  and  the  conjunftion.  Subtrail 
this  interval,  in  the  i d and  3d  quarter  of  the  anomaly, 
from  the  time  of  the  conjunflion;  and  in  the  other 
quarters,  add  it  to  the  fame  ; the  refiilt  is  the  time  of 
the  greated  darknefs.  Ladly,from  the  time  of  the  great- 
ed darknefs  fubtradt  the  time  of  incidence,  and  add  it 
to  the  time  of  emerfion  ; the  difference  in  the  firft  cafe 
will  be  the  beginning  ; and  the  fum,  in  the  latter  cafe, 
the  end  of  the  eclipfe. 

To  Calculate  Eclipses  of  the  Sun.  Fird,  find  the 
mean  new  moon,  and  thence  the  true  one  ; with  the 
place  of  the  luminaries  for  the  apparent  time  of  tlie 
true  one. — 2.  For  the  apparent  time  of  the  true  new 
moon,  compute  the  apparent  time  of  the  new  moon  ob- 
ferved. — 3.  For  the  apparent  time  of  the  new  moon 
feen,  compute  the  latitude  feen. — 4.  Thence  determine 
the  digits  eclipfed. — 5.  Find  the  times  of  the  greated 
darknefs,  immerfion,  and  emerfion. — 6.  Thence  deter- 
mine the  beginning,  and  ending  of  the  eclipfe. 

From  the  foregoing  problems,  it  is  evident  that  all 
the  trouble  and  fatigue  of  the  calculus  arifes  from  the 
parallaxes  of  longitude  and  latitude,  without  which,  the 
calculation  of  folar  eclipfes  would  be  the  fame  with  that 
of  lunar  ones. 

See  the  Condruflion  and  Calculation  of  Eclipfes  by 
Flamdeed  in  Sir  Jonas  Moor’s  Sydem  of  Mathematics, 
and  in  Fergufon’s  Adronomy,  See. 

In  the  Philof.  Tranf.  N°  461  is  a contrivance  to 
reprefent  folar  eclipfes,  by  means  .of  the  terredrial 
globe,  by  M.  Seguer,  profeffor  of  Mathematics  at 
Gottingen.  And  Mr.  Fergufon  has  fitted  a terredrial 
globe,  fo  as  to  fhew  the  time,  quantity,  duration,  and 
progrefs  of  folar  eclipfes,  at  any  place  of  the  earth  where 
they  are  vifible  ; which  he  calls  the  Eclipfareon.  He  has 
alfo  given  a large  catalogue  of  ancient  and  modern 
eclipfes,  including  thofe  recorded  in  hidory,  from  721 
years  before  Chrid,  to  A.  D.  1485;  alfo  computed 
eclipfes  from  1485  to  lyco,  and  all  the  eclipfes  vifible 
in  Europe  from  1700  to  j8oo.  See  his  Adron.  ^ 

The  Number  of  Y.Q'L\?ses,  of  both  luminaries,  in  any 
year,  cannot  be  lefs  than  two,  nor  more  than  feven  ; the 
mod  ufual  number  is  4,  and  it  is  rare  to  have  more 


than  6.  The  reafon  is  obvious ; becaufe  the  fun  paffeshy 
both  the  nodes  but  once  in  a year,  unlefs  he  pafs  by 
one  of  them  .in  the  beginning  of  the  year  ; in  which  cafe 
he  will  pafs  by  the  fame  again  a little  before  the  end 
of  the  year;  becaufe  the  nodes  move  backwards  19 J 
degrees  every  year,  and  therefore  the  fun  will  come  to 
cither  of  them  173  days  after  the  other.  And  if  either 
node  be  within  1 7°  of  the  fun  at  th'e  time  of  new  moon, 
the  fun  will  be  eclipfed ; and  at  the  fubfequent  oppo- 
fition,  the  moon  will  be  eclipfed  in  the  other  node,  and 
come  round  to  the  next  conjunction  before  the  former 
node  be  17°  beyond  the  fun,  and  eclipfe  him  again. 
When  three  eclipfes  happen  about  cither  node,  the  like 
number  commonly  happens  about  the  oppofite  one  ; 
as  the  fun  .comes  to  it  in  173  days  afterward,  and  6 
lunations  contain  only  J.  days  more.  Thus  there  may 
he  two  eclipfes  of  the  fim,  and  one  of  the  moon,  about 
each  of  the  nodes.  But  when  the  moon  changes  in 
either  of  the  nodes,  The  cannot  be  near  enough  the  other 
node  at  the  next  full,  to  be  eclipfed  ; and  in  6 lunar 
months  afterward  fhe  will  change  near  the  other  node 
in  which  cafe  there  cannot  be  more  than  two  eclipfes 
in  a year,  both  of  the  fim. 

Period  of  Eclipses,  is  the  period  of  time  in  which 
the  fame  eclipfes  return  again  ; and  as  the  nodes  move 
backwards  19^  .degrees  every  year,  they  would  fhift 
through  every  poiut  of  the  ecliptic  in  iS  years  and 
225  days  ; and  this  would  be  the  regular  period  of  their 
return,  if  any  complete  number  of  lunations  were  finifii- 
ed  without  a fraClion  ; but  this  is  not  the  cafe.  How- 
ever, in  223  mean  lunations,  after  the  fun,  moon,  and 
nodes  have  been  once  in  a line  of  conjuwClion,  they  re- 
turn fo  nearly  to  the  fame  ftate  again,  as  that  the  fame 
node  wliich  was  in  conjunction  with  the  fun  and  moon  at 
the  beginning  of  the  firll  of  thefe  lunations,  will  be  with- 
in 28'’  12"^'  of  the  line  of  conjunction  with  the  fun  and 
moon  again,  wlien  the  laff  of  thefe  lunations  is  complet- 
ed ; and  in  this  period  there  will  be  a regular  return  of 
eclipfes  for  many  ages.  To  the  mean  time  of  any  fo- 
lar or  lunar  eclipfe,  by  adding  this  period,  or  18  Julian 
years  1 1 days  7 hours  4:;  minutes  20  leconds,  ivhen  the 
laff  day  of  Eehruary  in  leap  years  is  4 times  included, 
or  a day  lefs  when  it  occurs  5 times,  we  fhall  have  the 
mean  time  of  the  return  of  the  fame  eclipfe.  In  an  in- 
terval of  6890  mean  lunations,  containing  557  years  21 
days  18  hours  minutes  ii  feconds,  the'  fun  and 
node  meet  fo  nearly,  as  to  be  diftant  only  1 1 feconds. 

The  Ufe  (^Eclipses.  In  Aflronomy,  eclipfes  of 
the  moon  determine  the  fpherical  figure  of  the  earth  ; 
they  alfo  fhew  that  the  fun  is  larger  than  the  earth,  and 
the  earth  than  the  mooii.  Eclipfes  alfo,  that  are  fimilar 
in  all  circiimlfances,  and  that  happen  at  confideniblc 
intervals  of  time,  ferve  to  afeertain  the  period  of  tlie 
moon’s  motion.  In  Geography,  eclipfes  difeover  the 
longitude  of  different  places  ; for  which  purpofe  thofe 
-of  the  moon  are  the  more  ufeful,  becaufe  they  arc  more 
often  vifible,  and  the  fame  lunar  eclipfe  is  of  equal  mag- 
nitude and  duration  at  all  places  where  it  is  feen.  In 
Chronology,  both  folar  and  lunar  eclipfes  ferve  to  de- 
termine exaCfly  the  time  of  any  paff  event. 

Eclipsec  of  the  Satellites,  See  Satellites  of 
piter. 

The  chief  circumftances  here  obferved,  are,  i.  That 
the  fatellites  of  Jupiter  undergo  two  or  three  kinds  of 
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edipfes ; tlie  firil  of  which  are  f»roper,  being  fucli  as 
happen  wlien  Jupiter’s  body  is  directly  interpofed  be- 
tween them  and  the  fun  ; and  thefe  happen  almofl 
every  day.  Various  authors  have  given  tables  for  com- 
puting eclipfes  of  the  fatellites  of  Jupiter  ; as  Flamfteed, 
Caffini,  &c,  but  the  lateft  and  belt  of  all,  are  thofe  of 
profelTor  Wargentin  of  Upfah 

The  fecond  fort  are  occultations,  rather  than  obferva- 
tions  ; when  the  fatellites,  coming  too  near  the  body  of 
Jupiter,  are  loft  in  his  light  ; which  Riccioli  calls  occi- 
dcre  %eufiace-,  Jetting  jo'vially.  In  which  cafe,  the  neareft 
or  ftrft  fatellite  exhibits  a third  hind  of  eclipfe  ; being 
obferved  like  a round  macula,  or  dark  fpot,  tranfiting 
the  dife  of  Jupiter,  with  a motion  contrary  to  that  o± 
the  fatellite  ; like  as  the  moon’s  fliadow  projeded  on 
the  earth,  will  appear  to  do,  to  the  lunar  inhabitants. 

The  eclipfes  of  Jupiter’s  fatellites  furnifh  very  good 
means  of  linding  the  longitude  at  fea.  Thole  efpecially 
of  the  ftrft  fatellite  are  much  furer  than  the  eclipfes  of 
the  moon,  and  they  alfo  happen  much  oftener  : the 
manner  of  applying  them  is  alfo  very  eafy.  See  Longi- 

TUDK. 

ECLIPTIC,  in  Aftronomy,  a great  circle  of  the 
fphere  conceived  to  pafs  through  the  middle  of  the  zo- 
diac. It  is  fometimes  called  the  ‘via  folis^  or  fiui’ s path, 
being  the  track  which  he  appears  to  deferibe  among  the 
fixed  liars  ; though  more  properly  it  is  the  apparent 
path  of  the  earth,  as  viewed  from  the  fun,  and  thence 
called  the  heliocentric  circle  of  the  earth.  It  is  called  the 
ecliptic,  becaufe  all  the  eclipfes  of  the  fun  or  luoon  hap- 
pen when  the  moon  crolfes  it,  or  is  nearly  in  one  of 
thofe  two  parts  of  her  orbit  where  it  crolfes  the  ecliptic, 
which  points  are  called  the  moon’s  nodes. 

Upon  the  ecliptic  are  marked  and  counted  the  12  ce- 
leftial  ligns,  Aries,  Taurus,  Gemini,  &c  ; and  upon  it 
is  counted  the  longitude  of  the  planets  and  liars.  It  is 
placed  obliquely  with  refpedl  to  the  equator,  which  itcuts 
in  two  oppoftte  points,  viz,  the  beginning  of  Aries  and 
Libra,  which  are  diredtly  oppoftte  to  each  other,  and 
called  the  equinoxes,  making  the  one  half  of  the  eclip- 
tic to  the  north,  and  the  other  half  on  the  foiith  fide  of 
the  equator  ; the  two  extreme  points  of  it,  to  the  north 
and  fouth,  which  are  oppoftte  to  each  other,  and  at  a 
quadrant  dillance  from  the  equinoctial  points  both 
ways,  are  called  the  folftices,  or  folllitial  points,  or  alfo 
the  two  tropics,  which  are  at  the  beginning  of  Cancer 
and  Capricorn,  and  which  are  at  the  fartheft  dillance 
of  any  points  of  it  from  the  equator,  wTich  dillance  is 
the  meafure  of  the  fun’s  greatell  declination,  whicli  is 
the  fame  with  the  obliquity  of  the  ecliptic,  or  the  angle 
it  makes  with  the  equator. 

Ibis  obliquity  of  the  ecliptic  is  not  permanent,  but  is 
continually  diminifhing,  by  the  ecliptic  approaching 
nearer  and  nearer  to  a paralleiifm  with  the  equator,  at 
the  rate  of  half  a fecond  in  a year  nearly,  or  from  yo' 
to  yy  in  ICO  years,  as  is  deduced  from  ancient  and  mo- 
dern oblervations  compared  together  ; and  as  the  mean 
obliquity  of  the  ecliptic  was  23°  28'  about  the  end  of 
the  year  1788,  or  beginning  of  1789,  by  adding  half 
a fecond  for  each  preceding  year,  or  fubtrafling  the 
fame  for  each  followdng  year,  the  m.ean  obliquity  will 
be  found  nearly  for  any  year  either  before  or  ftnee  that 
period.  The  quantity  however  of  this  change  is  va- 
rioully  Hated  by  different  authors,  from  yd’  to  (ed’  or 


70"  for  each  century  or  100  years.  HIpparcIuls,  al- 
molt  two  thoufand  years  ftnee,  obfen^ed  the  obliquity  of 
the  ecliptic,  and  found  it  about  23°  51';  and  all  fuc- 
ceeding  ailronomers,  to  the  prefent  time,  having  ob- 
ferved the  fame,  have  found  it  always  lefs  and  lefs ; 
being  now  rather  under  23°  28G  a-  difference  of  about 
23''  in  1950  years;  which  gives  a medium  of  70^"  in 
ICO  years.  There  is  great  rcafon  however  to  think 
that  the  diminution  is  variable. 

This  diminution  of  the  obliquity  of  the  ecliptic  to 
the  equator,  according  to  Mr.  Long  and  fome  others, 
is  chielly  owing  to  the  unequal  attraction  of  the  fun 
and  moon  on  the  protuberant  m.attcr  about  the  earth’s 
equator.  For  if  it  be  conlidered,  fay  they,  that  the 
earth  is  not  a perfedl  fphere,  but  an  oblate  fpheroid, 
having  its  axis  Ihorter  than  its  equatorial  diameter  ; and 
that  the  fun  and  moon  are  conftantly  adting  obliquely 
upon  the  greater  quantity  of  matter  about  the  equator, 
drawing  it,  as  it  were,  towards  a nearer  and  nearer  coin- 
cidence with  the  ecliptic  ; it  will  not  appear  ftrangc' 
that  thefe  adtions  flrould  gradually  diminifh  the  angle 
between  the  planes  of  thole  two  circles.  Nor  is  it  lefs 
probable  that  the  mutual  attractions  of  all  the  planets 
Ihould  have  a tendency  to  bring  their  orbits  to  a coin- 
cidence ; though  this  change  is  too  fmall  to  become 
fenftble  in  many  ages. 

It  is  now  however  well  known  that  this  change  in 
the  obliquity  of  the  ecliptic,  is  wholly  owing  to  the 
adtions  of  the  planets  upon  the  earth,  and  efpecially 
the  planets  Venus  and  Jupiter,  but  chiefly  the  former. 
See  La  Grange’s  excellent  paper  upon  this  fubjedl  in 
the  Memoirs  of  the  French  Academy  for  1774; 
ftni’s  in  1778;  and  La  Lande’s  Allron.  vol.  3,  art. 
2737.  According  to  La  Grange,  who  proceeds  upon 
theory,  the  annual  change  of  obliquity  is  variable,  and 
has  its  limits  : about  2000  years  ago,  he  thinks  it  was 
after  the  rate  of  about  38'^  in  100  years  ; that  it  is 
now,  and  will  be  for  400  years  to  come,  56'^  per  centu-* 
ry ; but  2000  years  hence,  49''  per  century.  According 
to  Caffini,  who  computes  from  obfervations  of  the  ob- 
liquity between  the  years  1739  and  1778,  the  annual 
change  at  prefent  is  60^'  or  d in  100  years.  But  ac- 
cording to  La  Lande,  the  diminution  is  at  the  rate  of 
88^'  per  century  ; while  Dr.  Mafleelyne  makes  it  only 
yo^J  in  the  fame  time. 

Befide  the  regular  diminution  of  the  obliquity  of 
the  ecliptic,  at  the  rate  of  near  50  feconds  in  a century, 
or  half  a fecond  a year,  which  arifes  from  a change  of 
the  ecliptic  itfelf,  it  is  fubjedt  to  two  periodjeal  inequali- 
ties, the  one  produced  by  the  unequal  force  of  the  fun 
in  cauftng  the  preceflion  of  the  equinoxes,  and  the  other 
depending  on  the  nutation  of  the  earth’s  axis.  See  the 
Explanation  and  Ufe  of  Dix  Mafleelyne’s  Tables  and 
Obfervations,  pa.  vi,  where  we  are  fliewn  how  to  cal- 
culate thofe  inequalities,  and  where  he  fnews  that,  from 
his  ov/n  obfervations,  the  mean  obliquity  of  the  ecliptic 
to  the  beginning  of  the  year  1769,  was  23°  28'  9 '’•7. 

To  find  the  Obliquity  of  the  Ecliptic,  or  the  greatefl; 
declination  of  the  lun  : about  the  time  of  the  fummer 
folftice  obferve  very  carefully  the  fun’s  zenith  diftance 
for  feveral  days  together  ; then  the  difference  between 
this  dillance  and  the  latitude  of  the  place,  will  be  the 
obliquity  fought,  when  tlie  fun  and  equator  are  both 
on  one  ftde  of  the  place  of  obfervation ; but  their  fum 
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be  trie  obliquity  when  they  are  on  difFetent  fidcs 
of  it.  Or,  it  may  be  found  by  obferving  the  meridian 
altitude,  or  zenith  diftance,  of  the  fun^s  centre,  on  the 
days  of  the  fiimmer  and  winter  folftice ; then  the  dif- 
ference of  the  two  will  be  the  diftance  between  the 
tropics,  the  half  of  which  will  be  the  obliquity  fought. 

By  the  fame  method  too,  the  declination  of  thedun 
from  the  equator  for  any  other  day  may  be  found  ; 
and  thus  a table  of  his  declination  for  every  day  in 
the  year  might  be  conftrudfed.  Thus  alfo  the  declina- 
tion of  the  ftars  might  be  found. 
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23  28  30 
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1570 

23  29 

1570 

23  31 
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23  30  20 
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4- 
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23  29 

H94 

23  30 

1627 

23  30  30 

1630 

23  31 

1646 

23  30  20 
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23  29 
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23  30  20 
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23  28  72 
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23  -29  15 

1660 

23  29  3 

1672 

23  28  52 

1686 

23  29 

( 

23  29  28 

1690 

23  29 

1703 

23  28  25 

1706 

23  28  41 
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23  28  24 

1730 

23  28  20 

1750 

23  28  18 

1756 

23  28  16 

1769 

23  28  10 

1772 

23  28  8 

The  obfervations  of  aftronomers  of  all  ages,  on  the 
obliquity  of  the  ecliptic,  have  been  colledted  together  ; 
and  although  feme  of  them  may  not  be  quite  accurate, 
yet  they  fufficiently  lliew  the  gradual  and  continual  de- 
creafe  of  the  obliquity  from  the  times  of  the  earliell 
obfervations  down  to  the  prefent  time.  The  chief  of 
thofe  obfervations  may  be  feen  in  the  foregoing  table; 
where  the  hrll  column  contains  the  name  of  the  ob- 
ferver,  or  author,  the  2d  the  year  before  or  after  Chrill, 
and  the  3d  the  obliquity  of  the  ecliptic  for  that  time. 

See  Ptolum.  Aim.  lib.  i,  cap.  10;  Rii  cioli  AIn’« 
vol.  I,  lib.  3,  cap.  27  ; Flamlleed  Proleg.  Hid.  Coel, 
vol.  3 ; Philof.  Tranf.  number  163  ; ib.  vol.  63,  pt.  1; 
Long’s  Altron.  vol.  i,  cap.  16;  Memoirs  of  tha 
Acad.  an.  1716,1734,  1762,  1767,  1774,  1778;  AtH 
Erud.  LipfijE  1719,^  Naut.  Aim.  1779;  Madcelyne’s 
Obferv.  Explan.  pa.  vi  ; See. 

According  to  an  ancient  tradition  of  the  Egyptians,- 
mentioned  by  Herodotus,  the  ecliptic  had  formerly  been 
perpendicular  to  the  equator  ; they  were  led  into  this 
notion  by  obferving,  for  a long  feries  of  years,  that  the 
obliquity  was  continually  diminilhing  ; or,  whicli 
amounts  to  the  fame  thing,  that  the  ecliptic  was  con- 
tinually approaching  to  the  equator.  From  thence  they 
took  occalion  to  fuipedl  that  thofe  two  circles,  in  the 
beginning,  had  been  as  far  off  each  other  as  poflible, 
that  is,  perpendicular  to  each  other.  Diodorus  Siculus 
relates,  that  tlie  Chaldeans  reckoned  403,000  years  from 
their  hrll  obfervations  to  the  time  of  Alexander’s  en- 
tering Babylon.  T.’his  enormous  account  may  have 
fome  foundation,  on  the  fuppolition  that  the  Chaldeans 
built  on  the  diminution  of  the  obliquity  of  the  ecliptic 
at  the  rate  of  a minute  in  100  years.  M.  de  Louville, 
taking  the  obliquity  fuch  as  it  mud  have  been  at  the 
time  of  Alexander’s  entrance  into  Babylon,  and  going 
back  to  the  time  when  the  ecliptic,  at  that  rate,  mud 
have  been  perpendicular  to  the  equator,  aClually  finds 
402,942  Egyptian,  or  Chaldean  years  ; which  is  only 
58  years  fhort  of  that  epocha.  Indeed  there  is  no  way 
of  accounting  for  the  fabulous  antiquity  of  the  Egyp- 
tians, Chaldeans,  ^c,  fo  probable,  as  from  the  fuppoli- 
tion  of  long  periods  of  very  flow  celedial  motions,  a. 
fmall  part  of  wliich  they  had  obferved,  and  from  which 
they  calculated  the  beginning  of  the  period,  making  the 
world  and  their  own  nation  to  commence  together.  Or 
perhaps  they  fometimes  counted  months  or  days  for 
years. 

Should  the  diminution  always  continue  at  the  rate  it 
has  lately  done,  viz  at  50"'  or  36"  a centiny,  it  would- 
take  96,960  years,  from  the  year  1788,  to"  bring  the 
ecliptic  exa6lly  to  coincide  with  the  equator. 

Ecliptic,  in  Geogt'aphy,  a great  circle  on  the  ter- 
redrial  globe,  in  the  plane  of,  or  diredlly  under,  the  ce- 
ledial ecliptic. 

Ecliptic,  EcUpticusy  fomething  belonging  to  the 
ecliptic,  or  to  eclipjes  ; as  ecliptic conjundlion,  oppofi- 
tion,  &c. 

Ecliptic  Boumhy.  or  LimilSy  are  the  greated  dif- 
tances  from  the  nodes-  at  which  the  fun  or  moon  can  be 
cclipicd  ; namely,  near  i8  degrees  for  the  fun,  and  12. 
degrees  for  the  moon. 

Ecliptic  Digits , digit  i ediptu  /.  S ee  Digits, 

Poks  of  Ecliptic,  are  the  two  oppofite  pointa 
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of  the  fpliere  which  are  each  everywhere  equally  dillant 
from  the  ecliptic  quite  around,  or  QO°  diftant  from  it. 
The  diftance  of  the  poles  of  the  ecliptic  from  the  poles 
of  the  equator,  or  of  the  world,  is  always  equal  to  the 
varying  dillance  of  the  obliquity  of  the  ecliptic,  and  at 
the  beginning  of  the  year  1789  it  was  juft  23°  28^, 

liediidlon  to  the  Ecliptic.  See  Reduction. 

EFFECT,  the  refult  or  confequence  of  the  applica- 
tion of  a canfe,  or  agent,  on  fome  fubjedt.  It  is  one  of 
tFie  great  axioms  in  philofophy,  that  full  effedls  are  al- 
ways proportional  to  the  powers  ot  their  adecpiate 
caufes. 

EFFECTION,  denotes  the  geometrical  conftrudion 
©f  a propofition.  The  term  is  alfo  ufed  in  reference  to 
problems  and  praaices  ; which,  when  they  are  ^dedu- 
clble  from,  or  founded  upon  fome  general  propofttions, 
are  called  \\\^ geo7netrical e^eStion  of  them. 

EFFERVESCENCE,  is  popularly  ufed  for  alight 
ebullition,  ora  brhlc  inteftine  motion,  produced  in  a li- 
quor by  the  firft  aftion  of  heat,  with  any  remarkable  fe- 
paration  of  its  parts. 

EFFICIENT  Caufe^  is  that  which  produces  an  ef- 
fect. See  Cause  and  Effect. 

Efficients,  in  Arithmetic,  are  the  numbers  given 
for  an  operation  of  multiplication,  and  are  otherwile 
called  the  factors.  Hence  the  term  coefficients  in  Al- 
gebra, which  are  the  numbers  prefixed  to,  or  that  mul- 
tiply the  letters  or  algebraic  quantities. 

EFFLUVIUM,  a flux  or  exhalation  of  minute  parti- 
cles from  any  body  ; or  an  emanation  of  fubtile  cor- 
pufcles  from  a mixed,  fenfible  body,  by  a kind  of  motion 
of  tranfpiration. 

E’LASTIC,  an  appellation  given  to  all  bodies  en- 
dowed with  the  property  of  elafticity  or  fpringinefs. 

Elastic  Body,  is  that  which  changes  its  figure,  and 
yields  to  any  impulfe  or  preflure,  but  endeavours  by  its 
own  nature  and  force  to  reftore  the  fame  again  ; or,  it 
is  a fpringy  body,  which,  when  compreffed  or  conden- 
fed,  or  the  like,  makes  an  effort  to  fet  itfelf  at  liberty, 
and  to  repel  the  body  that  conftrained  it.  Such,  for 
inftance,  as  a bow,  or  a fword  blade,  &c,  which  are 
cafily  bent,  but  prefently  return  to  their  former  figure 
and  extenfion.  All  bodies  partake  of  this  property  hi 
fome  degree,  though  perhaps  none  are  perfeftly  elaftic, 
as  none  are  found  to  reftore  rhemfelves  with  a force 
equal  to  that  with  which  they  are  comprefied. 

The  principal  phenomena  obfervable  in  Elaftic  bo- 
dies, are  i,  That  an  elaftic  body  (i.  e.  a body  perfe^- 
ly  elaftic,  if  any  fucli  there  be)  endeavours  to  reftore  it- 
felf with  the  fame  force  wuth  which  it  is  preiTed  or  bent. 
2,  An  elaftic  body  exerts  its  force  equally  towards  all 
fides  ; though  the  effeft  is  chiefly  found  on  that  fide 
where  the  refiftance  is  weakeft  ; as  is  evident  in  the 
cafe  of  a gun  exploding  a ball,  a bow  ftiooting  out  an 
arrow,  &c. — 3,  Elaftic  bodies,  in  wliat  manner  foever 
ftruck,  or  impelled,  are  infleaed  and  rebound  after  the 
fame  manner  ; thus  a bell  yields  the  fame  mufical  found, 
in  what  manner,  or  on  what  fide  foever  it  be  ftruck; 
the  fame  of  a tenfe  or  mufical  chord  ; and  abody  re- 
bounds from  a plane  in  the  fame  angle  in  which  it  meets 
or  ftrikes  it,  making  the  angle  of  incidence  equal  to  the 
angle  of  refleaion,  whether  the  intenfity  of  the  ftroke 
be  greater  or  left.— 4,  A body  perfedly  fluid,  if  any  fuch 
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there  be,  cannot  be  elaftic,  If  it  be  allowed  that  its  part^ 
cannot  he  comprefied. — A body  perfedlly  folid,  if 
any  fuch  there  be,  cannot  be  elaftic  ; becaufe,  having 
no  pores,  it  is  incapable  of  being  comprefied. — 6,  The 
elaftic  properties  of  bodies  feem  to  differ,  according  to 
their  greater  or  lefs  denfity  or  compaflnefs,  though  not 
in  an  equal  degree:  thus,-  metals  are  rendered  more 
compad  and  elaftic  by  being  hammered  : tempered  fteel 
is  much  more  elaftic  than  foft  fteel ; and  the  denfity  of 
the  former  is  to  that  of  the  latter  as  7809  to  7738  ; cold 
condenfes  folid  bodies,  and  renders  them  more  elaftic ; 
whilft  heat,  that  relaxes  them,  has  the  oppofite  effed : 
but,  on  the  contrary,  air,  and  other  elaftic  fluids,  are 
expanded  by  heat,  and  rendered  more  elaflic.' — For  the 
laws  of  Motion  and  Percuffion  in  Elaftic  bodies,  fee 
Motion,  and  Percussion. 

Elastic  Cur^e*  See  Catenaria. 

Elastic  Fluids.  See  Air,  Electricity,  Gas, 
Elastic  Vapours,  &c. 

Elastic  Gum,  The  fame  as  Caoutchouc,  or 
Indian  Rubber^ 

Elastic  Vapours,  or  Fluids,  are  fuch  as  may  be  com- 
preffed  mechanically  into  a lefs  fpace,  and  which  refiime 
their  former  ftate  when  the  compreffing  force  is  with- 
drawn. Such  as  atmofpherical  air,  and  all  the  aeritd 
fluids,  with  all  kinds  of  fumes  raifed  by  means  of  heat, 
whether  from  folid  or  fluid  bodies. 

Of  thefe,  fom-e  remain  elaftic  only  while  a confiderable 
degree  of  heat  Is  applied  to  them,  or  to  the  fubftance 
which  produces  them  ; while  others  continue  elaftic  in 
every  degree  of  cold  that  has  yet  been  obferved.  Of 
the  former  kind,  are  the  vapours  of  water,  fpirit  of 
wine,  mercury,  fal-ammoniac,  and  all  kinds  offublimable 
falts : of  the  latter,  thofe  of  fpirit  af  fait,  mixtures  of 
vitriolic  acid  and  iroiq  nitrous  acid,  and  various  other 
metals,  and  in  fhort  the  feverai  fpecies  of  aerial  fluids 
indlfcriminately. 

The  elaftic  force  with  which  any  one  of  thefe  fluids' 
is  endowed,  has  not  yet  been  calculated,  as  being  ultft 
mately  greater  than  any  obftacle  we  can  put  in  Its  way<r 
Thus,  on  compreffing  the  atmo-ipherical  air,  we  find 
that  for  fome  little  time  at  firil  it  eafily  yields  to  any 
force  applied  ; but  at  every  fucceeding  moment  the  re- 
fiftance becomes  always  the  ffronger,  and  a greater  and 
greater  force  muft  be  applied,  to  comprefs  k farther* 
As  the  compreffion  goes  on,  the  veffel  containing  the 
air  becomes  hot  ; but  no  power  whatever  has  yet  been* 
able  in  any  degree  to  deftroy  the  elafticity  of  the  con- 
tained fluid  ; for,  upon  removing  the  preffure,  it  is  al- 
ways found  to  occupy  the  very  fame  fpace  that  it  did 
before.  The  cafe  is  the  fame  with  the  fleam  of  water, 
to  which  a fuffieient  heat  is  applied  to  keep  It  from 
condenfing  Into  water. 

Elasticity,  or  Elastic  Force,  that  property  of 
bodies  by  which  they  reftore  themfelvcs  to  their  former 
figure,  after  any  external  preffure. 

The  caufe  or  principle  of  this  important  property* 
elafticity,  is  varioiifly  accounted  for.  The  Cartefians 
aferibe  it  to  their  fubtile  matter  making  an  effort  to  pafs 
through  pores  that  are  too  narrow  for  it.  Thus,  fay 
they.,  in  bending  or  compreffing  a hard  elaftic  body,  as 
a bow,  for  inftance,  its  parts  recede  from  each  other  on 
the  convex  fide,  and  approach  on  the  concave  one:- 
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’conrsquently  the  pores  are  contra(5led  orflraitened  on  the 
concave  Ikle  ; and,  if  tliey  were  hefore  round,  are  now 
perhaps  oval  : fo  that  the  materia  fiibtilis,  or  matter  of 
tdie  lecond  element,  endcavouvinfr  to  pafs  out  of  tlie 
pores  thus  llraitened,  mud  make  effort,  at  the  fame 
time,  to  reilore  the  body  to  the  ftate  it  was  in  when 
the  pores  were  rounder,  i.  e.  before  the  bow  was  bent ; 
and  in  this  confilfs  its  Elafficity. 

Other  later  philofojihers  account  for  Elnflicity  much 
after  the  fame  manner  as  the  CartefiariS  ; v.  ith  this  only 
difference,  that  inffeadof  tlie  fuhtile  matter  of  the  Car- 
telians,  ihcfe  fubffitute  Rihcr^  or  a fine  ethereal  medium 
that  pervades  all  bodies. 

Others,  fetting  afide  the  prerarioTis  notion  of  a ma- 
teria fubtiiis,  account  for  Elafficity  f-om  the  great  law 
of  nature,  Attraftion,  or  the  canfe  of  the  cohefion  of 
tlie  parts  of  folid  and  firm  bodies.  Thus,  fay  th-ey, 
when  a hard  body  is  ftrnck  or  bent,  fo  that  tlie  com- 
ponent parts  are  moved  a little  from  each  otiicr,  but 
not  quite  disjointed  or  broken  off,  cr:  feparated  fo  far 
as  to  be  out  of  the  power  of  that  attiaAing  force  by 
which  they  cohere  ; they  muff,  on  removing  the  exter- 
nal violence,  fpring  back  to  tlieir  former  natural  ffate. 

Others  again  rcfolve  Elafficit  y i‘nto  tlic  preffure  of  the 
atmofpbere : for  a violent  tendon,  or  comprcflion, 
though  not  fo  great  as  to  feparate  the  conffitiient 
■particles  of  bodies  far  enough  to  let  in  any  foreign  mat- 
ter, muff  yet  occai'ion  many  little  vaciiola  between  the 
feparated  furfaces  ; fo  that  on  the  removal  of  the  force 
they  will  clofe  again  by  the  preffure  of  the  aerial  fluid 
irpon  the  external  jiarts. 

Laffly,  others  attribute  tlie  Elafficity  of  all  hard 
bodies  to  tlie  power  of  reiililion  in  the  air  included 
within  them  ; and  fo  make  the  dallic  force  of  the  air 
the  principle  of  Elafficity  in  all  other  bodies.  See  Def- 
agiiliers’s  Exper.  Philof.  vol.  2,  pa.  38,  fee. 

Rhe  Elasticity  of  I'hnch  is  accounted  for  from 
their  particles  being  all  endowed  with  a centrifugal 
force;  whence  Sir  Ifaac'  Newton  demonllrates,  prop. 
23,11b.  2,  that  particles,  which  naturally  avoid  or  fly  off 
from  one  another  by  fuch  forces  as  are  reciprocally  pro- 
portional to  the  diffanccs  of  their  centres,  will  compofe 
an  ekiffic  fluid,  whofe  deiifity  fliall  be  proportional  to 
its  comprefTion  ; and  vice  veifa,  if  any  fluid  be  com- 
pofed  of  particles  that  fly  off  or  avoid  one  anotlier,  and 
have  its  denfity  proportional  to  its  compreffion,  then 
the  centrifugal  forces  of  tbofe  particles  will  be  recipro- 
cally proportional  to  tlie  dlffances  of  tlicir  centres. 

Elasticity  of  the  Air  is  tlie  force  with  which  that 
element  endeavoui-s  to  expand,  and  with  which  it  does 
aftually  dilate  itlelf,  on  removing  the  force  that  com- 
preffed  it.  See  Air,  and  /Vtmospherf. 

The  Elafficity  or  fpring  of  the  air  was  flrff  difeover- 
ed  by^  lord  Bacon,  and  farther  effabllflied  by  Galileo. 
Jts  cxiffence  is  proved  by  this  experiment  of  that  philo- 
fopher  : An  extraordinary  quantity  of  air  being  intrud- 
ed, by  means  of  a fyringe,  into  a hollow  ball  or  fliell 
of  glafs  or  metal,  till  fuch  time  as  the  ball,  with  this 
aceeffion  of  air,  weigh  confiderably  more  in  the  balance 
than  it  did  before  ; then,  opening  the  mouth  of  tiie 
ball,  the  air  ruffles  out,  till  the  ball  ffnk  to  its  former 
weight.  From  hence  we  infer,  tliat  there  is  juff  as 
much  cur  gone  out,  as  comprefled  air  iiad  been  crowded 
Vol,  J. 


in.  Air  therefore  returns  to  its  former  degree  of  ck- 
panfion,  upon  removing  the  force  that  comprefled  or 
reiiffed  its  expanfion';  and  confequently  it  is  endowed 
with  an  elaltic  force.  It  may  be  added,  that  as  (he 
air  is  found  to  rufh  out  in  every  lituation  or  direction 
of  the  orifice,  the  elaftic  force  acts  eveiy  v/ay,  or  in  every 
direction  alike. 

The  caiife  of  Elafficity  in  air  hatli  been  ufually 
aferibed  to  a repuifion  between  its  paiticles  ; lint  what 
is  the  canfe  of  tliat  repuifion  ? The  term  repullion,  like 
that  of  attraeffion,  requires  to  be  defined  ; and  proba- 
bly it  will  be  found  in  moff  cafes  to  be  the  efl'aff  of 
the  acfflon  of  fome  other  fluid,  ff’hus,  it  is  found  tliat 
the  Elafficity  of  tlie  atmofphere  is  very  confiderably 
affected  by  heat.  Suppoflng  a quantity  of  air  heated 
to  fuch  a degree  as  to  raile  I'aiirenheit’s  thermometer 
to  212,  i:  will  then  occupy  a conflderable  fpace  ; but 
if  it  be  cooled  again  to  lucli  a degree,  as  to  ffnk  the 
thermometer  to  o,  it  will  ihrink  up  to  iefs  than  lialf 
the  tormer  bulk.  The  quantity  of  repulffve  power 
therelore  acquired  by  the  air,  while  palfing  from  one 
of  tliefe  dates  to  the  other,  is  evidently  owing  to  the 
heat  added  to  it,  or  taken  away  fi-om  it.  Nor  does 
there  feem  to  be  any  reafon  to  fuppofe,  that  the  quan- 
tity of  Elafficity  or  repulfivc  power  it  ftill  polTeffes,  is 
owing  to  any  other  cauie  than  the  Are  contained  in  it. 
The  fupjmfltion  that  repuifion  is  a primary  caufe,  in- 
dependent of  all  others,  has  given  rife  to  many  eiToneous 
theories,  and  very  much  embarralTed  philofophers  in  ac- 
counting for  the  phenomena  of  Elafficity. 

The  Elafficity  of  the  air  is  not  only  proportional 
to  its  denfity,  but  is  always  equal  to  the  force  which 
comprefles  it,  becaufe  thefe  two  exartly  balance  each 
other,  'iffiis  Elafficity,  in  the  atmofpheric  air,  is  mea- 
fured  by  the  height  of  the  barometer  at  any  time,  al- 
lowing for  its  heat  or  temperature,  after  this  rate,  viz, 
tlie  434th  part  for  each  degree  of  Fahrenheit's  thermo- 
meter, above  or  below  feme  mean  tempei-ature,  as  55^^  ; 
for  by  that  part  of  the  whole  it  is  that  air  expands  or 
coiitraCls,  or  elie  increafes  or  decreafes  in  its  Elafficity, 
for  each  degree  of  the  tliermomctcr.  Sir  Geo.  Shuck- 
burgh,  in  tlie  Philof.  Tranf.  for  1777,  pa.  561. 

EEEC  riONS,  or  Choice^  fignify  the  feveral  different 
ways  of  taking  any  number  of  things  propofed,  either 
feparately,  or  as  combined  in  pairs,  in  threes,  in  fours, 
Sic  ; not  as  to  the  order,  but  only  as  to  the  number  and 
variety  of  them.  Thus,  of  the  things  a,  c,  dy  e, 
&c,  the  cleftions  of 
one  thing  are  (uy)  I = 2* — I, 
two  things  are  (ay  by  ah)  3 =2®— i, 
threetliiiigs  are  fay  by  r,  aby  acy  A,  ahe)  7 =23— 

&c  ; and  of  any  number,  Vy  all  the  eleftions  arc  2"—  i ; 
that  is,  one  lefs  than  the  power  of  2 whofe  exponent 
is  tiy  the  number  of  Angle  tilings  to  be  chofen,  either 
feparatclv  or  in  combination. 

ELECTRIC,  in  Phyfics,  is  a temi  applied  to  tliofc 
fiibffances,  In  which  the  eleftric  fluid  can  be  excited, 
and  accmmilated,  without  tranfmitting  it  ; and  which 
are  therefore  called  non-condveiori.  They  arc  alfo  call- 
ed on  final  Efebinesy  and  Jile8rics  per  fe, 

i he  word  is  derived  from  zXeht^ov,  'umhery  one  of  the 
moll:  oblcrvable  non-condu<ff:ors.  To  this  clafs  alfo  be- 
long glafs,  and  all  vitrifications,  even  of  metals ; all 
precious  ffones,  of  which  the  moff  traiifparcnt  are  the 
.ff  H beft; 
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beft  ; all  relins,  and  refinous  compofitions  ; alfo  ful- 
phiir,  baked  wood,  all  bituminous  fubftances,  wax, 
filk,  cotton,  all  dry  animal  fubftances,  as  feathers, 
-wool,  hair,  &c  ; alfo  paper,  white  fugar,  and  fugar- 
candy  ; likewife  air,  oils,  chocolate,  calces  of  metals 
and  femi-metals,  the  afhes  of  animal  and  vegetable 
fubflances,  the  rull  of  metals,  all  dry  vegetable  fub- 
flances,  and  Hones,  of  which  the  hardeft  arc  the  belt. 

Subftances  of  this  kind  may  be  excited,  fo  as  to  ex- 
hibit the  Eledlric  appearances  of  attra6ting  and  repell- 
ing light  bodies,  emitting  a fpark  of  light,  attended 
with  a fnapping  noife,  and  yielding  a current  of  air, 
the  fenfation  of  which  refembles  that  of  a fpider’s  web 
drawn  over  the  face,  &c,  and  a fmell  like  that  of  phof- 
phorus  ; and  this  exciting  may  be  either  by  friftion,  or 
by  heating  and  cooling,  or  by  melting,  and  pouring  one 
melted  fubftance  into  another. 

The  term  is  peculiarly  applied  to  the  ele<ffcric,  viz. 
the  globe,  or  cylinder,  &c,  ufed  in  ele6trical  machines, 
to  collebt  the  elebtrical  matter  by  rubbing  it. 

Electrical  Air  Thermometer^  an  inllrument  con- 
trived^by  Mr.  Kinnerlley  of  Philadelphia,  and  ufed  in 
determining  the  effebls  of  the  eledtrical  explofion  upon 
air.  -The  defcription  may  be  feen  in  Franklin’s  Let- 
ters, &c,  pa.  389,  4to,  1769. 

Electrical  Apparatus,  confills  of  glafs  tubes, 
about  3 feet  long,  and  an  inch  and  a half  in  diameter, 
one  of  which  fiiould  be  clofed  at  one  end,  and  furnilhed 
at  the  other  end  with  a brafs  cap  and  flop-cock,  to  rarefy 
or  condenfe  the  inclofed  air ; flicks  of  fealing  wax,  or 
tubes  of  rough  glafs,  or  glafs  tubes  covered  with  feal- 
ipg-wax,  or  cylinders  of  baked  wood  for  producing  the 
negative  eledlricity  ; with  proper  rubbers,  as  black 
oiled  filk,  with  amalgam  upon  it  for  the  former,  and 
foft  new  fiannel,  or  hare  f]<ins,  or  cat  f]<ins,  tanned  with 
the  hair  on,  for  the  latter  % coated  jars,  or  plates  of 
glafs,  either  fnglc,  or  combined  in  a battery,  for  ac- 
cumulating eledlricity  ; metal  rods,  as  difchargers  ; an 
eledlrical  machine  ; eledlrometers,  and  infulated  flools, 
fupportedby  pillars  of  glafs,  covered  with  fealing-wax, 
or  baked  wood,  varnifhed  or  boiled  in  linfeed  oil. 

Electrical  Atmofphere,  is  a flream  or  mafs  of  the 
Eledlricai  fluid  which  furrounds  an  excited  or  eledtrb 
fed  body,  to  fome  diHanee. 

Electrical  Balls,  See  Balls  and  Electrom'E- 

TER. 

Electrical  Battery,  conffls  of  a large  quantity  of 
coated  jars,  placed  near  each  other ' in  a convenient 
manner.  Tliefe  being  charged,  or  electrified,  and  con- 
nected with  each  other,  are  then  fuddenly  exploded  or 
difcharged,  with  a prodigious  effeCl. 

Electrical  Fluid,  is  a fine  rare  fluid  which  iffues 
frcm,  and  furrounds  eleClrified  bodies. 

Electrical  Kite,  was  contrived  by  Dr.  Franklin, 
to  verify  his  hypothefis  of  the  identity  of  eleClricity 
and  lightning.  It  confifled  of  a large  thin  filk  hand- 
kerchief, extended  and  faftened  at  the  four  corners  to 
pwo  flender  flrips  of  cedar,  and  accommodated  with  a 
tail, , loop,  and  Itring,  fo  as  to  rife  in  the  air  like  a pa- 
per kite.  To  the  top  of  the  upright  Ifiek  of  the  crofs 
was  fixed  a very  fharp-pcinted  wire,  rifing  a foot  or 
more  above  the  wood ; and  to  the  end  of  the  twine, 
liext  the  handj  a filk  ribband  was  tied.  From  a key 


fufpended  at  the  junCtion  of  the  twine  and  filk,  when 
the  kite  is  raifed  during  a thunder-florm,  a phial  may 
be  charged,  and  eleCtric  fire  collected,  as  is  ufually  done 
by  means  of  a rubbed  glafs  tube  or  globe.  Phllofi 
Tranf.  vol.  47,  pa.  565,  or  Franklin’s  Letters,  pa. 
1 1 1 and  1 1 2. 

Kites  m.ade  of  paper,  covered  with  varnifh,  or  with 
well  boiled  linfeed  oil,  to  preferve  them  from  the  rain, 
with  a Hick  and  cane  bow,  like  the  common  ones  ufed 
by  boys,  will  anfwer  the  purpofe  extremely  well,  and 
are  very  ufeful  in  determining  the  eleCtricity  of  the  at- 
mofpliere.  See  Conductor. 

Electrical  Machine,  is  a part  of  the  EleCtrical  ap- 
paratus, contrived  for  collecting  a great  quantity  of 
electricity,  and  exhibiting  its  effeCts  in.  a very  fenfible 
manner.  It  confills  of  the  eleCtric,  the  moving  en- 
gine, the  rubber,  and  the  prime  condudor.  In  the, 
early  Hate  of  this  fcience,  for  the  eleCtric,  was  ufed 
fealing-wax,  fulphur,  or  rough  glafs  ; but^  fince  the 
method  of  infulating  the  rubber,  and  fo  producing  ne- 
gative electricity,  was  introduced,  fmooth  glafs  has 
been  ufed.  The  form  is  commonly  either  that  of  a 
globe,  or  of  a cylinder.  Each  figure  has  its  advan- 
tages, and  its  inconveniences.  Dr..  Van  Marum,  a late 
German  writer,  has  conftruded  a machincj  in  which 
gLinilac,  in  the  form  of  a dife,  is  ufed  as  an  eleClric 
inllead  of  glafs  ; which  has  the  effeCl  of  depending 
very  little  on  the  temperature  of  the  air  ; deferibed  iui 
his  Verhandeling  over  het  EleCtrizeeren,  &c,  or  a 
Treatife  concerning  the  method  of  eleCtrifying.  Gronin- 
gen, 1776.  But  he  has  fince  procured  fome  others  to 
be  made  by  Mr.  Cuthbertfon,  a very  ingenious  artill,. 
of  large  difes,  or  round  plates  of  glafs:  one  of  tliefe  is, 
now  placed  in,  Teyler’s  Mufemn  at  Harlem,  having  two# 
of  tliefe  glafs  plates,  of  65  inches  diameter,  excited,  on 
both  lides  of  them,  by  rubbers  of  waxed  taiTaty ; with 
which,  effects  are  produced  that  are  truly  aftonifhing- 
and  tremendous.  See  his  Defcription  of  this, machine, 
and  its  effeCts,  publilhed  in  4to,  at  Harlem,  1785,  &c.. 

There  have  been  various  contrivances  for  giving  mo- 
tion to  the  eleCtric  of  a machine.  The  common  me- 
thod is  by  a wheel  turned  by  a winchor  handle  ; a cord 
going  round  a groove  in  the  periphery  of  the  wheel,, 
and  over  a pulley  in  the  neck  of  the  globe  or  cylinder.. 
Others  have  ufed  multiplying  wheels,  which  are  eafily 
turned  by  a \vinch  ; and  others  again  make  ufe  of  a 
wheel  and  pinion,  or  a wheel  and  endlefs  ferew.  But 
Van.  Marum’s  machine  it  feems  has  the  completed: 
movement,  its  operation  being  very  uniform,  and  eafily 
worked  ; it  is  kept  in  motion  by  a weight,  which,  after 
being  wound  up  to  the  height  of  12  feet,  will  continue 
the  motion  uniformly  for  6 hours  ; yielding  alfo  a ne- 
gative power,  as  well  as  the  pofitive  ; and  the  conduc- 
tors annexed  to  it  ferving  eafily  to  convey  the  eleCtrical 
power  wherever  it  is  required,  without  the  addition  of' 
any  chain,  or  wires,  &c. 

The  Rubber  is  the  next  material  part  of  a machine., 
Thefe  were  formerly  made  of  red  bafil  ikins,  ftuffed 
with  hair,  wool,  flax,  or  bran  : Dr,  Nooth  intro- 
duced filk  cufliions  fluffed  with  hair,  over  which  is  laid 
a piece  of  leather,  rubbed  with  amalgam,  which  are' 
better  than  the  others.  The  rubber  may  be  infulated 
in  any  way  that  bell  fuits  the  conffriuhiofi  of  the  ma- 
chine : 
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chine:  and  a chain  or  wire  may  eahly  be  fiifpended 
from  it,  to  communicate  with  the  floor,  whenever  the 
infulation  is  not  necefiary  ; and  thus  pofltive  and  nega- 
tive electricity  may  be  produced  at  pleafure.  Van 
Marum  ufes  mercury  to  his  rubbers. 

The  Prime  ConduClor  is  another  neceflary  appen- 
dage to  the  Electrical  Machine  : its  ufe  is  to  receive  the 
electricity  from  the  eleCtric,  as  it  is  produced,  and  ac^ 
cumulate  it  as  in  a magazine,  ready  to  be  drawn  off  and 
employed  on  all  occafions.  See  Prime  Conductor. 

Defcrlption  of  the  moft  ufeful  Ele^rical  Machines » 

Fig,.  I,  plate  ix,  reprefents  Dr.  Prieftley’s  Machine, 
a very  extenfively  ufeful  one,  deferibed  in  his  Hiltory 
of  Electricity ; in  which  g is  the  globe,  or  eleCtric  ; f 
the  rubber ; in  the  two  pillars  of  baked  wood, 

are  feveral  holes  to  receive  the  fpindles  of  different 
globes  or  cylinders,  feveral  of  w'hicli  may  be  put  on  to- 
gether, to  increafe  the  eleCtriclty  : klm  is  the  prime  con- 
ductor, being  a copper  tube,  fupported  on  a ftand  of 
glafs  or  baked  w^ood. 

Fig.  2 is  Dr.  Watfon’s  Machine,  for  ufing  feveral 
globes  at  once,  to  accumulate  a great  quantity  of  elec- 
tricity. 

Fig.  3 reprefents  a vei*)’  portable  EleCtrical  Machine 
invented  by  Mr.  Read,  and  improved  by  Mr.  Lane.  A 
is  the  glafs  cylinder,  moved  vertically  by  means  of  the 
pulley  at  the  low^er  end  of  the  axis,  the  pulley  being 
turned  by  the  large  wheel  B parallel  to  the  table;  there 
are  feveral  pulleys,  of  different  lizes,  either  of  which 
may  be  ufed,  according  as  the  miotion  is  required  to  be 
quicker  or  flow’er.  The  conduClor  C is  furnifhed  wdth 
points  to  colleCf  the  fluid,  and  is  ferew^ed  to  the  wire  of  a 
Coated  jar  D.  The  figure  fhew's  alfo  the  manner  of 
applying  Mr.  Lane’s  eleCfrometer  to  this  machine. 

EieClrical  Machines  have  of  late  years  undergone 
fome  very  effential  alterations  and  improvements  ; both 
from  the  fiiggeflions  of  private  electricians,  and  the  in- 
ventions of  Meffrs.  Adams,  Nairne,  and  Jones,  inflru- 
ment  makers  in  London  ; fome  of  which  are  as  follow ; 

Fig.  4 reprefents  a very  convenient  machine  for  prac- 
tice. The  frame  of  this  machine  confiffs  of  the  bottom 
board  ABCD  ; which,  when  the  machine  mufl  be  ufed, 
is  faflened  to  the  table  by  tw^o  metal  cramps.  EF  are 
tw’O  round  pillars,  of  baked  wood,  which  fupport  the 
cylinder  G by  the  axles  of  the  brafs  or  w'ooden  caps 
H,  turned  fometimes  by  a Ample  w'inch  I,  and  lome- 
times  by  a pulley  and  wheel,  as  in  the  next  fig.  The 
rubber  is  fixed  to  a glafs  pillar  K,  which  is  faftened  to  a 
wooden  bafis  L at  the  bottom.  The  condiiffor  N is 
ufually  made  of  brafs  or  tin  japanned,  and  is  infuiated 
by  a glafs  pillar,  ferewed  into  a w'ooden  bafis  or  foot, 
which  is  mofl  conveniently  placed  parallel  to  the  cylin- 
der. 

Fig.  5 reprefents  an  EleArical  Machine,  with  a 
condu6for  in  the  fhape  of  a T ; and  an  improved  medi- 
cal apparatus,  wEere  it  is  neceflary  to  give  the  fliock  in 
the  arms. 

Fig.  6 (hews  Mr.  Nairne’s  patent  machine  for  medi- 
cal purpofes.  Its  glafs  cylinder  is  about  7 inches  in 
diameter,  and  12  long,  wdth  tw^o  conductors  parallel  to 
it.  The  rubber  is  faflened  to  the  conduAor  R ; and 
confifts  of.  a cuftiion  of  leather  fluffed,  having  a pece 


of  filk  glewed  to  its  under  part.  The  conduTors  are  of 
tin  covered  with  black  lacker,  each  of  them  containing 
a large  coated  glafs  jar,  and  likewdfe  a fmaller  one,  or 
a coated  tube,  wdiich  are  vifible  when  the  caps  NN  are 
removed.  To  each  conductor  is  fixed  a knob  O,  for  the 
occafional  fufpenfion  of  a chain  to  produce  pofitive  or 
negative  electricity.  That  part  of  the  wdnch  C w^hich 
ads  as  a lever  in  turning  the  cylinder,  is  of  glafs.  Thus 
every  part  of  the  machine  is  infuiated,  the  cylinder  it- 
felf  and  its  brafs  caps  not  excepted  ; by  w'hich  means 
very  little  of  the  eledricity  is  diffipated,  and  hence  of 
courfe  the  effeds  are  likely  to  be  the  more  powerful. 
And  to  this  the  inventor  has  adapted  fome  flexible  con- 
duding  joints,  a difeharging  eledrometer,  &c,  for  the 
pradice  of  medical  eledricity. 

The  large  Eledncal  Machine  placed  an  Teyler’  Mu- 
feum  at  Harlem,  has  been  partly  deferibed  above.  It 
w^as  conltruded  by  Mr.  John  Cuthbertfon,  an  Englifli 
inllrument  maker;  and  it  has,  for  the  eledric,  two 
glafs  plates  of  65  Inches  diameter,  made  of  French 
glafs,  as  this  is  found  to  produce  tlie  molt  eledricity 
next  to  Englifh  flint  glafs,  which  could  not  be  made  of 
a fuflicient  lize  : thefe  plates  are  fet  on  the  fame  hori- 
zontal axis,  at  the  diilance  of  7 t indies,  and  are  ex- 
cited by  8 rubbers,  each  15I  inches  long  ; and  botK 
fides  of  the  plates  are  covered  w-ith  a refinous  fubllance 
to  the  diilance  of  i6I-  inches  from  the  centre,  both  to 
llrengthen  the  plates,  and  to  prevent  any  eledricity  from 
being  carried  off  by  the  axis.  Its  battery  of  jars  con- 
tains 225  fquare  feet  of  coated  furface,  and  its  effeds 
arc  allonifliingly  great. 

Electrical  PhtaL  See  Leyden  Phi  ah 

Electrical  See  Electrical 

and  Electrical  Machine. 

Electrical  Shocks  is  the  fudden  explofion  between 
the  oppofite  fides  of  a charged  eledric  ; fo  called  be- 
caufe  if  the  difeharge  be  made  through  the  body  of  an 
animal,  it  occafions  a fudden  motion  by  the  contrac- 
tion of  the  mufcles  through  w hich  it  paffes,  accompa- 
nied wdth  a difagreeable  fenfation.  The  force  of  this 
Ihock  is  proportioned  to  the  quantity  of  coated  furface, 
the  thinnefs  of  the  glafa,  and  the  pow'er  of  the  machine 
by  which  it  is  charged.  Its  velocity  is  almoft  inllanta- 
neous,  and  it  has  not  been  found  to  take  up  tlie  leail 
fenlible  time  in  paffiiig  to  the  greatell  dillances. 

It  has  been  obferved  that  the  Eledrical  Shock  is 
weakened  by  being  communicated  through  feveral  per- 
fons  in  contad  wdth  one  another.  Indeed  it  is  obllruded 
in  its  paffage,  even  through  the  bed  condudors,  as  it 
will  prefer  a Ihort  paiTage  through  the  air  to  a long  one 
through  the  moll  perfed  condadOrs  ; and  if  the  cir- 
cuit be  interrupted,  either  by  eh  dries,  or  very  imper- 
fed  condudors  of  a moderate  thickiiefs,  tlie  Ihock  will 
rend  them  in  its  paffage,  difperie  them  in  every  direc- 
tion, and  exhibit  the  appearance  ot  a fudden  expanfion 
of  the  air  about  the  centre  of  the  fhock.  A flrong 
Ihock  made  to  pafs  through  or  over  tlie  belly  of  a muL 
cle,  forces  it  to  contrad  ; and  fent  through  a fmall  ani- 
mal body,  deprives  it  inllantly  of  life,  and  haflens  pu- 
trefadion.  It  gives  polarity  to  magnetic  needles,  re- 
veries their  poles,  and  produces  efieds  precifely  limilar, 
though  inferior  in  degree,  to  thofe  of  lightning. 

Electrical  Star.  See  Star. 

3 H 2 ELECTRICITY, 
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ELECTRICITY,  or  Electrical  Force,  I’s  that 
power  or  property,  which  was  firfl  oblerved  in  amber, 
the  lyneiirium,  or  tourmalin,  and  which  fealing-wax, 
glafs,  and  a variety  of  other  fubhances,  called  elettrics, 
are  now  known  to  poffefs,  of  attra6ling  light  bodies, 
when  excited  by  heat  or  friclion  ; and  which  is  alfo  ca- 
pable of  being  communicated  in  particular  circum- 
llances  to  other  bodies. 

Electricity  alfo  denotes  the  fcience,  or  that  part 
of  natural  philofophy,  which  propofes  to  inveiligate  the 
nature  and  effects  of  this  power.  From  the 

Greek  name  for  amber,  is  derived  the  term  Eleftricity, 
which  is  now  very  extenfively  applied,  not  only  to  the 
power  of  attracting  light  bodies  inherent  in  amber,  but 
to  other  fimilar  powers,  and  their  various  effects,  in 
whatever  bodies  they  refide,  or  to  whatever  bodies  they 
may  be  communicated. 

Mufchenbroek  and  -dEpinus  have  obferved  a confi- 
dcrable  analogy,  in  a variety  of  particulars,  between  the 
powers  of  EleCbricity  and  Magnetifm  ; and  they  have 
alfo  pointed  out  many  inftances  in  which  they  differ. 

Ffijlory  of  Electricity. The  property  which 

amber  poffeffes  of  attradfing  light  bodies,  was  very  an- 
ciently obferved.  Thales  of  Miletus,  600  years  before 
Chrift,  concluded  from  hence  that  it  was  animated. 
But  the  fil'd;  perfon  who  exprefsly  mentioned  this  fub- 
ffance,  was  Theophraftiis,  about  300  years  before 
Chrift,  The  attraCftive  property  of  amber  is  alfo  occa- 
ftonally  noticed  by  Pliny,  and  other  later  naturalifts, 
particularly  Gaffendus,  Kenelm  Digby,  and  Sir  Tho- 
mas Brown.  But  it  was  generally  apprehended  that 
this  quality  was  peculiar  to  amber  and  jet,  and  perhaps 
agate,  till  W.  Gilbert,  a native  of  Colchefter,  and  a 
phyfician  in  London,  publifhed  his  treatife  De  Mag’- 
nets,  in  the  year  1600.  Dr.  Gilbert  made  many  conft- 
derable  experiments  and  difcoveries,  confidering  the 
then  infant  ftate  of  the  fcience.  He  enlarged  the  lift 
both  of  ele£f  rics,  and  of  the  bodies  on  which  they  adt  i 
he  remarked,  that  a dry  air  was  moft  favourable  to  elec- 
trical appearances,  whilft  a moift  air  almoft  annihilates 
the  eledfric  virtue  : he  alfo  obferved  the  conical  figure 
aiTumed  by  eledlrified  drops  of  water:  he  confidered 
eleCftrical  attradfion  feparately  from  repulfion,  which  he 
thought  had  no  place  in  Eledfricity,  as  a phenomenon 
fimilar  to  the  attradlion  of  cohefion,  and  he  imagined, 
that  eledtrics  were  brought  into  contadt  with  the  bodies 
on  which  they  adt  by  their  effluvia,  excited  by  fric- 
tion. 

The  ingenious  Mr.  Boyle  added  to  the  catalogue  of 
eledfric  fubftances  ; but  he  thought  that  glafs  poiTeffed 
this  power  in  a very  low  degree : he  found,  that  the 
Eledtricity  of  all  bodies,  in  which  it  might  be  excited,, 
was  increafed  by  wiping  and  warming  them  before  they 
were  rubbed  ; that  an  excited  eledlric  was  adied  upon 
by  other  bodies  as  ftrongly  as  it  adled  upon  them  ; that 
diamonds  rubbed  againft  any  kind  of  ftuff,  emitted 
light  in  the  dark  ; and  that  feathers  would  cling  to  the 
fingers,  and  to  other  fubftances,  after  they  had  been 
attraifted  by  eleftrics.  He  accounted  for  eledlrical  at- 
tradlion,  by  fuppofing  a glutmous  effluvia  emitted  from 
ek'dfrics,  which  laid  hold  of  frnali  bodies,  in  its  way, 
and  carried  them  back  to  the  body  from  which  it  pro- 
ceeded. 


Otto  Guericke,  the  celebrated  inventor  of  the  air- 
pump,  lived  about  the  fame  time.  This  ingenious  phi- 
lofopher  difcovered,  by  means  of  a globe  cf  fulphur, 
that^ a body  ouce  attrafted  by  an  eleflric,  was  next  re- 
pelled, and  continued  in  this  ftate  of  repulfion  till  it 
ftiould  be  touched  by  fome  other  body : he  alfo  ob- 
ferved the  found  and  light  produced  by  the  excitation 
of  his  globe  ; and  that  bodies  immerged  in  electrical 
atmofpheres  are  themfelves  electrified  with  an  eicClri- 
city  oppofite  to  that  of  the  atmofphere. 

Iftie  light  emitted  by  eledrical  bodies  was,  not  long 
after,  obferved  to  much  greater  advantage  by  Dr. 
Wall,  who  aferibes  to  light  the  electrical  property 
which  they  poffefs  ; and  he  fuggefts  a iimilarity  be- 
tween the  effects  of  eleCtricity  and  lightning.  ^ 

Sir  Ifaac  Newton  was  not  inattentive  to  this  fubjecl : 
he  obferved  that  excited  glafs  attraCts  light  bodies  on 
the  fide  oppofite  to  that  on  which  it  is  rubbed  ; and  he 
aferibes  the  adion  of  eledric  bodies  to  an  elaftic 
fluid,  which  freely  penetrates  glafs,  and  the  emiffion 
of  it  to  the  vibratory  motions  of  the  parts  of  excited 
bodies. 

Mr.  Hawkibee  wrote  on  this  fubjed  in  the  yeat 
1709,  when  a newiera  commenced  in  the  hiftory  of  this, 
fcience.  He  firft  took  notice  of  the  great  eledrical 
power  of  glafs,  and  the  light  proceeding  from  it 
though  others  had  before  obferved  the  light  pro- 
ceeding from  other  eledrified  fubftances : he  alfo 
noted  the  noife  occafioned  by  it,  with  a variety  of  phe- 
Romepa  relating  to  eledrical  attradion  aiid  repullion*. 
He  firft  introduced  a glafs  globe  into  the  eledrical  ap- 
paratus, to  which  circumftance  it  was  that  many  of  his 
imiportant  difcoveries  were  owing. 

After  his  time  there  was  an  interval  of  near  20  years, 
in  the  progrefs  of  this  fcience,  till  Mn  Stephen  Grey, 
ettabiiffled  a new  sera  in  the  liiftory  Eledricity. 
To  him  we  owe  the  capital  difeovery  of  communi- 
cating the  power  of  native  eledrics  to  other  bodies,  in. 
which  it  cannot  be  excited,  by  fiipporting  them  on. 
filken  lines,  hair  lines,  cakes  of  refin  or  glafs  ; and. 
a more  accurate  diftindion  than  had  hitherto  obtain- 
ed between  eledrics  and  non-eledrics  : he  alfo  fliewed 
the  effed  of  eledricity  on  water  much  more  obvioufly 
than  Gilbert  had  done  in  the  infancy  of  this  fcience. 

The  experiments  of  Mr.  Grey  were  repeated  by 
M.  du  Fay,  member  of  the  Academy  of  Sciences  at 
Paris,  to  which  he  added,  many  new  experiments  and 
difcoveries  of  his  own.  He  obferved,  that  eledrical. 
operations  are  obftruded  by  great  heat,  as  well  as  by  a 
moift  air ; that  all  bodies,  both  folid  and  fluid,  would 
receive  eledricity,  when  placed  on  warm  or  dry 
glafs,  or  fealing-wax  ; that  thofe  bodies  which  are  na* 
turally  the  leaft  eledric,  have  the  greateft  degree  o£ 
eledricity  communicated  to  them  by  the  approach  of 
the  excited  tube.  He  tranfmitted  the  eledric  virtue 
through  a diltance  of  1256  feet  ; and  firft  obferved  the. 
eledric  fpark  from  a living  body,  fufpended  on  filken 
lines,  and  noted  feveral  circumftances  attending  it.  M.. 
du  Fay  alfo  eftablifhed  a principle,  firft  fuggefted  by 
Otto  Guericke,  that  eledric  bodies  attrad  all  thofe 
that  are  not  fo,  and  repel  them  as  foon  as  they  are  be- 
come eledric,  by  the  vicinity  or  contad  of  the  eledric 
body.  He  Ijkewife  inferred  from  other  experiments,^ 
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that  there  were  two  kinds  of  eleedricity ; one  of  which 
he  called  the  vitreous.,  belonging  to  glafs,  rock  cryllal, 
t<c  ; find  the  other  ref  nous,  as  that  of  amber,  gumlac, 
Slq,  diJlinguihietl  by  their  repelling  thofe  of  the  lame 
kind,  and  attracting  each  other.  He  farther  oblerved, 
that  communicated  electricity  had  the  fame  property 
as  the  excited  ; and,  that  eleedric  fubilances  attradl  the 
dew  more  than  conductors. 

Mr.  Grey,  refuming  his  experiments  in  1734,  fuf- 
pended  feveral  pieces  of  metal  on  filken  lines,  and  found 
that  by  eiedtrifying  them  they  gave  fparks  ; which  vN  as 
the  origin  of  metallic  conductors  : and  on  this  occa- 
fion  he  difeovered  a cone  or  pencil  of  eleCtric  light, 
fuch  as  is  now  known  to  iifue  from  an  electrified  point. 
I'Vom  other  experiments  he  concludes,  that  the  elec- 
tric power  feems  to  be  of  the  fame  nature  with  that 
of  tliunder  and  lightning. 

Dr.  Delaguliers  fucceeded  Mr.  Grey  in  the  profe- 
cution  of  this  fcience.  The  account  of  his  firlt  expe- 
riments is  dated  in  1739.  To  him  we  owe  thofe  tech- 
nical terms  of  coTuhuiors  or  non-eledrtcs,  and  ele^rics 
per  Je  ; and  he  firlt  ranked  pure  air  among  the  electrics 
per  fe,  and  fuppofed  its  Electricity  to  be  of  the  vi- 
treous kind. 

After  the  year  1742,  in  which  Dr.  Defaguliers  con- 
cluded his  experiments,  the  fubject  was  taken  up  and 
purfued  in  Germany  ; the  globe  was  fubitituted  for  the 
tube,  which  had  been  ufed  ever  fiiice  the  time  of 
Hawklbee,  and  a cufliion  was  foon  after  ufed  as  a rub- 
ber, inllead  of  the  hand.  About  this  time  too,  fome 
ufed  cylinders  inllead  of  the  globes  ; and  fome  of  the 
< jcrman  electricians  made  ufe  of  more  globes  than  one 
at  the  fame  time.  By  thus  increafing  the  eleCtrlcal 
power,  they  were  the  firlt  who  fucceeded  in  fettrng  fire 
to  inflammable  fubilances  ; this  was  firlt  done  by  Dr. 
Ludolf,  ill  the  beginning  of  the  year  1 744,  who,  with 
fparks  excited  by  the  frlclion  of  a glafs  tube,  kindled 
the  ethereal  fpirit  of  Frobenius.  Winkler  did  the  fame 
by  a fpark  from  his  own  finger,  by  which  he  kindled 
French  brandy,  and  other  fpirits,  after  previoufly 
heating  them.  Mr.  Gralath  fired  the  fmoke  of  a candle 
juft  blown  out,  and  fo  lighted  it  again  ; and  Mr.  Boze 
fired  gun-powder,  by  means  of  its  inflammable  va- 
pour. Abcut  this  time  Ludolf  the  younger  demon- 
ftrated,  that  the  luminous  barometer  was  made  per- 
fectly eltctrical  by  the  motion  of  the  quickfilver.  The 
eleCtrical  ftar  and  eleClncal  bells  were  alfo  of  German 
invention. 

In  EnHand  Dr.  Watfon  made  a dlftinguiflied  firure 
from  this  period  in  the  hiftory  of  EleCtricity  : he  fired 
a variety  of  fubftances  by  the  elecftrical  fpark,  and  lirll 
difeovered  that  they  are  capable  of  being  fired  by  the 
repulfive  power  of  EleCtricity.  In  the  year  1745, 
accumulation  of  the  eleCtrical  power  in  glafs,  by  means 
of  the  Leyden  phial,  was  firft  difeovered.  See  Ley- 
pen  phial : and  for  the  method  practifed  about  this 
tnne,  of  meafurlng  the  diftance  to  which  the  eleCtrical 
fhcck  may  be  conveyed,  itt  Eledrical  Circuit.  Dr. 
Watfon  difeovered  that  the  glafs  tubes  and  globes  do 
not  contain  the  cleCtric  matter  in  themfelves,  but  only 
ferve  Ti^JirJl-mQvers  or  determiners , as,  he  exprelTes  it,  of 
that  power  ; v;hich  was  alfo  confirmed  towards  the  end 
of  1746,  by  Mr.,  Benjamin  Wilfon,  who  made  the 
fame  difeovery,  that  tlie  eleCtric  fluid  does  not  come 


from  the  globe,  but  from  the  earth,  and  other  non- 
eleCtric  bodies  about  the  apparatus.  Dr.  Watfon  alfo 
difeovered  what  Dr.  Franklin  obferve'd  about  the  fame 
time  in  America,  and  c:Jled  the  plus  and  minus  in 
Electricity.  He  llkewife  fliewed  that  the  eleCtric  mat- 
ter palled  through  the  fubltance  of  the  metal  of  com- 
munication, and  not  merely  over  the  lurface.  The 
hiftory  of  medical  EleClricity  commenced  in  the  year 
1747.  We  mull  omit  other  experiments,  and  conclu- 
lions  drawn  from  them,  by  Mr  Wilfon,  Mr.  Smeaton, 
and  Dr.  Miles  in  England,  and  by  the  Abbe  Nollet, 
with  regard  to  the  elfeCt  of  Electricity  on  the  evapo- 
ration of  fluids,  on  folids,  and  on  animal  and  other  or- 
ganized bodies,  in  France. 

Whilil  the  philol'ophers  of  Europe  were  b'lfily  em- 
ployed in  electrical  experiments  and  purfuits,  thofe  of 
America,  and  Dr.  Franklin  in  particular,  were  equally 
indullrious,  and  no  lefs  fucceisful.  His  difeoveries  and 
obfervations  in  Electricity  were  communicated  in  feve- 
ral letters  to  a friend  ; the  firft  of  which  is  dated  in 
1747,  and  the  lait  in  1754  ; and  the  particulars  of  his 
f)’ftem  may  be  feen  under  the  articles,  Idhcory  /^Elec- 
tricity, Leyden.  PA/W,  Points,  Charging,  Con- 
ductors, Electrics,  &c. 

The  limilarity  between  Eleftricity  and  Lightning  had 
been  fuggelled  by  feveral  writers  : Dr.  Franklin  firft. 
propofed  a method  of  bringing  the  matter  to  the  tell  of 
experiment, by raifing  anelectrical  kite;  and  helucceeded 
in  collecting  electrical  fire  by  this  means  from  the 
clouds,  in  1752,  one  month  after  the  fame  theory  had 
been  verified  in  France,  and  without  knowing  what 
had  been  done  there  : and  to  him  we  owe  the  praCtical 
application  of  this  difeovery,  in  fecuring  buildings  from 
the  damage  of  lightning,  by  ereCting  metallic  conduc- 
tors. See  Conductors,  and  Lightning. 

In  the  fubfequent  period  of  the  hiftory  of  this  fci- 
ence, Mr.  Canton  in  England,  and  Signior  Beccaria  in 
Italy,  acquired  dillinguilhed  reputation.  They  both 
difeovered,  independe.ntly  of  each  other,  that  air  is 
capable  of  receiving  EleAricity  by  communication,  and 
of  retaining  it  when  received.  Mr.  Canton  alfo,  to- 
wards the  latter  end  of  the  ye;ir  1753,  purfued  a leries 
of  experiments,  which  prove  that  the  appearances  of 
pofitive  and  negative  ItlcClricity,  which  had  hitherto 
been  deemed  eilcntial  and  unchangeable  properties  of 
different  fubftances,  as  of  glafs  and  fealing-wax  for  iii- 
ftance,  depend  upon  the  furface  of  the  electrics,  and 
that  of  the  rubber. 

This  h)  pothefis,  verified  by  numerous  experiments, 
occafioned  a controverfy  between  Mr.  Canton,  and  Mr. 
Delaval,  who  ftill  maintained  that  thele  diftcreiit  pow- 
ers depended  entirely  on  the  fubilances  themfelves. 
About  this  time  too,  fome  curious  experiments  were 
performed  by  four  of  the  principal  ele6trieians  of  that 
period,  viz.  Dr.  Franxlin,  and  MeflVs  Canton, 
Wilcke,  and  Aipinus,  to  afeertain  the  nature  of  elec- 
tric atinofpheres  ; the  refult  of  which  fee  under  that 
article. 

The  theoiy  of  two  electric  fluids,  alv/ays  co-exift- 
ent  and  counteracting  each  other,  though  not  abio- 
lutely  independent,  was  maintained  by'  a courfe  of  ex- 
periments on  lilk  ftockings  of  different  colours,  com- 
municated to  the  Royal  Society  by  Mr.  Symmer,  in 
the  year  1759,  which  were  farther  purfued  by  Mr.  Cigna 
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of  T iirin,  who  piibhlhed  an  account  oF  them  in 
the  Memoirs  of  the  Academy  at  Turin  for  the  year 

M<55- 

Many  inilances  occur  In  the  hiflory  of  the  fcience 
about  this  period,  of  the  aftonifhing  force  of  the  elec- 
tric fliock,  in  melting  wires,  and  producing  other  fiirii- 
lar  effects  : but  the  moll  remarkable  is  an  experiment 
•of  S.  Beccaria,  in  which  he  thus  revivified  metals.  Se- 
veral experiments  were  alfo  made  by  Dr.  Watfon,  Mr. 
Smeaton,  Mr.  Canton,  and  others,  on  the  paffage  of 
the  eledfric  fluid  through  a vacuum,  and  its  luminous 
appearance,  and  on  the  power  poflefl'ed  by  certain  fub- 
iiances  of  retaining  the  light  commmnicated  to  them  by 
an  eleffric  explofion.  Mr.  Canton,  S.  Beccaria,  and 
others,  made  miany  experiments  to  identify  Ele6lricity 
and  lightning,  to  afcertain  the  flate  of  the  atmxofphere 
at  different  times,  and  to  explain  the  various  phenome- 
na of  the  Aurora  Borealis,  Water-Spouts,  Hurricanes, 
&c,  on  the  principles  of  this  fcience. 

Thofe  who  are  deflrous  of  farther  information  with 
refpedt  to  the  hiflory  of  eledfrical  experiments  and  dif- 
ct)venes,may  confult  Dr.  Prieflley’s  Hiflory  and  Prefent 
State  of  Electricity.  This  author  however  is  not  merely  an 
hiflorian  : his  work  contains  ma^iy  original  experiments 
and  difcoveries  made  by  himfelf.  He  afcertained  the 
conducting  power  of  charcoal,  and  of  hot  glafs  , the 
Electricity  of  fixed  and  inflammable  air,  and  of  oil  ; 
the  difference  between  new  and  old  glafs,  with  refpeCt 
to  the  diffufion  of  EleCtricity  over  its  furface  ; the  la- 
teral explofion  in  eleCtrical  dlfcharges  ; a new  method 
of  fixing  circular-coloured  fpots  on  the  furfaces  of  me- 
tals, and  the  mofl  probable  difference  between  eleCtrics 
and  conductors,  &c.  The  fcience  is  alfo  greatly  indebted 
to  many  other  perfons,  either  for  their  experiments  and 
improvements  of  It,  or  for  treatifes  and  other  writings 
upon  it ; as  Mr.  Henley,  to  whom  we  owe  feveral  cu- 
rious experiments  and  obfervatlons  on  the  ele6trical  and 
conducting  quality  of  different  fubflances,  as  chocolate, 
vapour,  &c,  with  the  reafon  of  the  difference  between 
them  ; the  fufion  of  platina  ; the  nature  of  the  eleCtric 
fluid,  and  its  courfe  In  a difcharge  ; the  method  of  ef- 
timatlng  the  quantity  of  it  in  eleCtrical  bodies  by  an 
electrometer  ; the  influence  of  points  ; &c,  &c.  Alfo 
Meffrs  Van  Marum,  Van  Swinden,  Fergufon,  Caval- 
lo,  Eord  Mahon,  Nairne,  &c,  Sccj  for  their  feveral 
treatifes  on  the  fubje6f  of  EleCtricity,  any  of  which 
may  be  confulted  with  advantage  for  the  experiments 
and  principles  of  the  fcience. 

Medical  Electricity.  It  is  natural  to  imagine 
that  a power  of  fuch  efficacy  as  that  of  eleCtricity 
would  be  applied  to  medical  purpofes  ; efpecially,  fmce 
it  has  been  found  invariably  to  increafe  the  fenfible 
perfpiratlon,  to  quicken  the  circulation  of  the  blood, 
and  to  promote  the  glandular  fecretion  : accordingly, 
many  inflances  occur  in  the  latter  period  of  the  hiflory 
of  this  fcience,  in  which  it  has  been  applied  with  con- 
fiderable  advantage  and  fuccefs.  And  among  the  va- 
riety of  cafes  in  which  it  has  been  tried,  there  are  none 
in  wffiich  it  has  been  found  prejudicial  except  thofe  of 
pregnancy  and  the  venereal  difeafe.  In  mofl  difordeis, 
in  which  it  has  been  ufed  with  perfeverance,  it  has  given 
at  leaft  a temporary  and  partial  relief,  and  In  many 
it  has  effedfed  a total  cure.  Of  wffiich  numerous  In- 
fiances  may  be  feen  in  the  Philof.  Tranf.  and  the  writ- 
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ings  on  this  fcience  by  Meffrs  Lovet,  "Weflley,  Fer- 
gufon, Cavallo,  &c.  &c. 

Theory  of  Electricity.  It  is  hardly  necefiary  to 
recite  the  ancient  hypothefes  on  this  fubjedt ; fuch  as 
that  of  the  fympathetic  powder  of  the  Peripatetics  ; that 
of  undiuous  effluvia  emitted  by  excited  bodies,  and 
returning  to  them  again,  adopted  by  Gilbert,  Gaflendus, 
Sir  KenelmDigby,  &c;  or  that  of  the  Carteflans,  who 
afcribed  eledtrlcity  to  the  globules  of  the  firfl  elements, 
difcharged  through  the  pores  of  the  rubbed  fubflance, 
and  in  their  return  carrying  with  them  thofe  light  bo- 
dies, in  whofe  pores  they  were  entangled  : theie  hy- 
pothefes were  framed  in  the  infancy  of  the  fcience,  and 
of  phllofophy  in  general,  and  have  long  fmce  been  ex- 
ploded. In  the  more  advanced  flate  of  eledlricity  there 
have  been  two  principal  theories,  each  of  which  has 
had  its  advocates.  The  one,  is  that  of  two  diflindl 
eledlric  fluids,  repulfive  with  refpedl  to  themfelves,  and 
attradtive  of  one  another,  adopted  by  M.  du  Fay,  on 
difcovering  the  two  oppofite  fpecies  of  eledlricity,  viz, 
the  vitreous  and  refinous,  and  fmce  new-m.odelled  by  Mr. 
Symmer.  It  is  fuppofed  that  thefe  two  fluids  are 
equally  attradfed  by  ail  bodies,  and  exifl  in  intimate 
union  in  their  pores ; and  that  in  this  flate  they  exhi- 
bit no  mark  of  their  exiflence.  But  that  the  fridlion  of 
an  eledfric  by  a rubber  feparates  thefe  fluids,  and  caufes 
the  vitreous  eledfricity  of  the  rubber  to  pais  to  the 
eledlric,  and  then  to  the  prime  condudlor  of  a machine, 
while  the  refinous  eledlrlcity  of  the  condudlor  and  elec- 
tric is  conveyed  to  the  rubber  : and  thus  the  quality  of 
the  eledlric  fluid,  poflefled  by  the  condudlor  and  the 
rubber,  is  changed,  while  the  quantity  remains  the 
fame  in  each.  In  this  flate  of  feparation,  the  two  elec- 
tric fluids  will  exert  their  refpedlive  powers  ; and  any 
number  of  bodies  charged  wdth  either  of  them  will  re- 
pel each  other,  attra(T  thofe  bodies  that  have  lefs  of 
each  particular  fluid  than  themfelves,  and  be  flill  more 
attracted  by  bodies  that  are  wholly^  deflitute  of  it,  or 
that  are  loaded  with  the  contrary.  According  to  this 
theory,  the  eledlric  fpark  makes  a double  cuiTent ; one 
fluid  paffing  to  an  eledlrified  condudlor  from  any  fub- 
ftance  prefented  to  it,  whilfl  the  fame  quantity  of  the 
other  fluid  pafles  from  it ; and  when  each  body  re- 
ceives its  natural  quantity  of  both  fluids,  the  balance  of 
the  two  powers  is  reflored,  and  both  bodies  are  unelec- 
trified.  For  a further  account  of  the  explication  of 
fome  of  the  principal  phenomena  of  eledlrlcity  by  this 
theory,  fee  Dr.  Prieflley’s  Hiflory,  voh  2,  ^ 3. 

The  other  theory  is  commionly  diflinguifiied  under 
the  denomination  of  pqfitive  and  negative  electricity,  being 
firfl  fuggefledby  Dr,  Watfon,  but  aigcfled,  illuftrated, 
and  confirmed  by  Dr.  Franklin  ; and  fince  that  it  has 
been  known  by  the  appellation  of  the  Franklinian  hy- 
pothefis.  It  is  here  fuppofed  that  all  the  phenomena  of 
eledlrlcity  depend  on  one  fluid,  fui  generis,  extremely 
fubtile  and  elaflic,  difperfed  through  the  pores  of  all 
bodies,  by  which  the  particles  of  it  are  as  ftrongly  attradi- 
ed  as  they  arc  repelled  by  one  another.  When  bodies 
poifefs  their  natural  /bare  of  this  fluid,  or  fuch  a quan- 
tity as  they  can  retain  by  their  non  attradfion,  it  is  then 
faid  they  are  in  an  uneledbnTied  fla-te  ; but  when  the 
equilibrium  is  diflurbed,  and  they  either  acquire  an  ad- 
ditional quantity  from  other  bodies,  or  lofe  part  of  iheir 
own  natural  fhare  by  communictition  to  other  bodies, 
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they  exhibit  electrical  appearances.  In  the  former  cafe 
it  is  faid  they  are  eleClrilied  pofitively,  or  plus  ; and  in 
the  ather  negatively,  or  minus.  This  electric  fluid,  it  is 
fuppofed,  moves  with  great  eafe  in  thofe  bodies  that  are 
called  conductors,  but  with  extreme  difficulty  and  flow- 
nefs  in  the  pores  of  eleCtrics  ; whence  it  comes  to  pafs, 
that  all  electrics  are  impermeable  to  it.  It  is  farther 
fuppofed  that  eleCtrics  contain  always  an  equal  quantity 
of  this  fluid,  fo  that  there  can  be  no  furcharge  or  in- 
creafe  on  one  fide  without  a proportionable  decreafe  or 
lofs  on  the  other,  and  vice  verfa ; and  as  the  eleCtric 
does  not  admit  the  paflage  of  the  fluid  through  its 
pores,  there  will  be  an  accumulation  on  one  fide,  and  a 
correfponding  deliciency  on  the  other.  Then  when 
both  fides  are  connected  together  by  proper  conductors, 
the  equilibrium  will  be  reflored  by  the  rufliing  of  the 
redundant  fluid  from  the  overcharged  furface  to  the  ex- 
haulled  one.  Thus  alfo,  if  an  eleCtric  be  rubbed  by 
a conducting  fubllance,  the  eleCtricity  is  only  conveyed 
from  one  to  the  other,  the  one  giving  what  the  other 
receives  ; and  if  one  be  eleCtrified  pofitively,  the  other 
will  be  eleCtriiied  negatively,  urilefs  the  lofs  be  fupplied 
by  other  bodies  conneCted  with  it,  as  in  the  cafe  of  the 
eleCtric  and  infulated  rubber  of  a machine.  This  theory 
ferves  likewife  to  illuftrate  the  other  phenomena  and 
operations  in  the  fcience  of  eleCtricity.  Thus,  bodies 
differently  eleCtrified  will  naturally  attraCt  each  other, 
till  they  m.utually  give  and  receive  an  equal  quantity 
of  the  eleCtric  fluid,  and  the  equilibrium  is  reflored 
, between  them.  Beccaria  fuppofes,  that  this  effeCt  is 
produced  by  the  eleCtric  matter  making  a vacuum  in 
its  paflage,  and  the  contiguous  air  afterwards  collapf- 
ing,  and  fo  pufliing  the  bodies  together. 

The  influence  of  points,  in  drawing  or  throwing  off 
the  eleCtric  fluid,  depends  on  the  lefs  refiftance  it  finds 
to  enter  or  pafs  off  through  fewer  particles  than  through 
a greater  number,  whofe  refiilance  is  united  in  flat  or 
round  furfaces.  The  eleCtric  light  is  fuppofed  to  be 
part  of  the  eleCtric  fluid,  which  appears  when  it  is  pro- 
perly agitated  ; and  the  found  of  an  explofion  is  pro- 
duced by  vibrations,  occafloned  by  the  air^s  being  dif- 
placed  by  the  eleCtric  fluid,  and  again  fuddenly  collapf- 

As  to  the  nature  of  the  eleCtric  fluid,  philofophers 
have  entertained  very  different  fentiments  ; fome,  and 
among  them  Mr.  Wilfon,  have  fuppofed  that  it  is  the 
fame  with  the  ether  of  Sir  Ifaac  Newton,  to  which  the 
phenomena  of  attraction  and  repulfion  are  afcribed  ; 
whilfl  the  light,  fmell,  and  other  fenfible  qualities  of 
the  eleCtric  fluid,  are  referred  to  the  grofler  particles  of 
bodies,  driven  from  them  by  the  forcible  action  of  this 
ether  ; and  other  appearances  are  explained  by  means 
of  a fubtile  medium  diffufed  over  the  furfaces  of  all 
bodies,  and  refitting  the  entrance  and  exit  of  the  ether  ; 
which  medium,  it  is  fuppofed,  is  the  fame  with  the  elec- 
tric fluid,  and  is  more  rare  on  the  furfaces  of  conduc- 
tors, and  more  denfe  and  refifliug  on  thofe  of  eleCtrics  : 
but  Dr.  Prieftley  remarks  that,  though  they  may  poflefs 
fome  common  properties,  they  have  others  effentially 
dillinCt ; the  ether  is  repelled  by  all  other  matter, 
w'hereas  the  eleCtric  fluid  is  flrongly  attracted  by  it. 
Others  have  had  recourfe  to  the  element  of  fire  ; and 
from  the  fuppofed  identity  of  fire  and  the  eleCtric  fluid, 
as  well  as  from  the  flmilarity  of  fomc  of  thtjr  effeCts,,  the 
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latter  has  been  ufiially  called  the  eleCtric  fire  : but  moll 
electricians  have  fuppofed  that  it  is  a fluid  Jut  generis.. 
Mr.  Cavendilh  has  publiflied  an  attempt  to  deduce  and 
explain  fome  of  the  principal  phenomena  of  eleCtricity 
in  a mathematical  and  fyftematic  manner,  from  the  na^* 
ture  of  this  fluid,  confidered  as  compofed  of  particles 
that  repel  each  other,  and  attraCt  the  particles  of  all  other 
matter,  with  a force  inverfely  as  fome  lefs  power  of  the 
diflance  than  the  cube,  whilil  the  particles  of  all  other 
matter  repel  each  other,  and  attraCt  thofe  of  the  eleCtric 
fluid,  according  to  the  fame  law.  Phllof.  Tranf.  vol.  61, 
pa.  584 — 677.  And  a firnilar  hypothefls  and  method  of 
reafoning  was  alfo  propofed  by  M.  jEpinus,  in  his 
Tentamen  Theorix  Elettricitatis  & Magnetifmi. 

Dr.  Prieftley  concludes,  from  experiments,  that  the 
eleedric  matter  either  is  phlogiflon,  or  contains  it,  fince 
he  found  that  both  produced  fimilar  effeCts.  Mr.  Hen- 
ley alfo  apprehends,  that  the  eleCtric  fluid  is  a modlflca- 
tion  of  that  element,  which,  in  its  qulefcent  {late,  is 
called  phlogiflon  ; in  its  lirft  active  ilate,  eleCtricity  ; 
and  when  violently  agitated,  tire.  Perhaps  we  may  be 
allowed  to  enlarge  our  views,  and  conflder  the  fun  as 
the  fountain  ot  the  eleCtric  fluid,  and  the  zodiacal  light, 
the  tails  of  comets,  the  aurora  borealis,  h'ghtning,  and 
artificial  eleCtricity,  as  its  various  and  not  very  difhrnilar 
modifications.  On  this  fiibjeCt,  fee  Prieftley’s  Hift.. 
of  EleCtr.  vol.  2,  part  3,  § i,  2,  3 ; Wilfou’s  Effay 
towards  an  Explication  of  the  Phenomena  of  EleCtri* 
city,  &c  ; Wilfon  and  Hoadley’s  Obf.  &c,  pa.  55,. 
1759;  Freke’s  Effay  on  the  Caufe  of  Eleftricity, 
1746;  Prieflley  on  Air,  voL  i,  pa.  i86,  274,  See; 
Philof.  Tranf.  vol.  67,  pa.  129  ^ and  Mr.  Eeles’s  Let- 
ters, on  the  fame  fiibjeCt. 

EIjECTROMETER,  is  an  inflrument  that  mea-= 
hires  the  quantity,  and  determines  the  quality  of  electri- 
city, in  any  eleCtrified  body.  Previous  to  the  invention- 
of  inflruments  of  this  kind,  Mr.  Canton  eftimated  the 
quantity  of  eleCtricity  in  a charged  phial,  by  prefenting^ 
the  phial  with  one  hand  to  an  infulated  conduCtor,  and 
giving  it  a fpark,  which  he  took  off  with  the  other  ; 
proceeding  in  this  manner  till  the  phial  was  dlfcharged, 
when  he  determined  the  height  of  the  charge  by  the 
number  of  fparks.  Electrometers  are  of  4 kinds 
I,  tlie  Angle  thread;  2,  the  cork  or  pith  balls; 
3,  tlic  quadrant ; and  4,  the  difeharging  EleCti'ome- 
ter. 

The  ifl,  or  mofl  Ample  Electrometer,  Ts  a linen 
thread,  called  by  Dr.  Delagiiliers,  the  thread  of  trial  r 
which,  being  brought  near  an  ekCtriAed  body,  Is  at- 
tracted by  it : but  this  does  Little  more  than  determine 
whether  the  body  is  in  any  degree  eleCtriAed  or  not 
without  determining  with  any  precifion  its  quantitv, 
much  lefs  the  quality  of  it.  The  Abbe  Nollet  uicil 
two  threads,  fhewing  the  degree  of  electricity  bv  the- 
angle  of  tlieir  divergency  exhibited  in  their  lhadow  on 
a board  placed  beliir.d  them. 

Mr.  Canton’s  Eleccron^eter  conAfled'of  two  balls  of 
cork,  or  pith  of  elder,  about  the  Aze  of  a fmall  pea, 
fiifpeiided  by  fine  linen  threads,  about  6 Inches  long, 
which  may  be  wetted  in  a weak  folution  of  fait..  See 
fig.  7.  If  the  box  containing  thefe  balls  be  Infulated, 
by  placing  it  on  a drinking  ghfs,  &c,  and  an  excited- 
fmooth  glafs  tube  be  brought  near  them,  they  will  firfl 
be  attracted  by  it,  and  then  be  repelled  both  from  tlic 
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and  from  each  other;  hnt  on  the  approach  of 
oxcitccl  wax,  they  will  cTadiiallv  approach  and  come  to- 
gether  ; and  vice  verfa.  'I'kis  apparatus  will  alio  ferve 
to  determine  the  eledlricity  oF  the  clouds  and  air,  by 
holding  them  at  a fufficient  diftance  from  buildings, 
trees,  &c  ; for  if  the  cledl-ricity  of  the  clouds  or  air  be 
politive,  their  miituai  repiilfion  will  increafe  by  the  ap- 
proach of  excited  glafs,  or  dccreafe  by  the  approach  of 
amber  or  fealing-wax  ; on  the  contrary,  if  it  be  nega- 
tive, tht  ir  repulfion  will  be  diminiriicd  by  the  former, 
and  incrcafed  by  the  latter.  See  Fhilof.  Traid.  vol.  4.8, 
part  I and  2,  for  an  account  of  Tvir.  Cantor/s  curious 
(Experiments  with  this  apparatus. 

If  two  balls  of  this  kind  be  annexed  to  a pinme  con- 
ductor, they  will  ferve  to  determine  botli  the  degree  and 
quality  of  its  eleclrification,  by  their  mutual  repuliion 
and  divergency. 

The  Djlcharging  Itleftrometer,  fig,  ^5,  plate  rx,  was 
invented  by  Mr.  I^ane.  It  confiits  of  brafs  work  G, 
the  lower  part  of  which  is  inclofed  in  tlie  pillar  F,  made 
of  baked  wood,  and  boiled  In  linieed  oil,  and  bored  cy^- 
lindrlcaily  about  two-thirds  of  its  length  ^ the  Frafs 
work  is  fixed  to -tlie 'pillar  by  the  Icrew  Hj  moveable  in 
the  groove  I ; and  through  tlie  fame  is  made  to  pais  a 
ftcel  ferew  L,  to  the  end  of  which,  and  oppofite  to  K,  a 
polifhed  hemifpherlcal  piece  of  braiS)  attached  to  the 
prime  conduClor,  is  fixed  a ball  of  brafs  M well  polifhed. 
To  this  ferew  is  annexed  a circular  plate  O,  divided 
into  I'y  equal  parta.  The  ufe  of  this  Eiedirometer  is 
to  difeharge  a jar  D,  or  any  battery  conneCled  with  the 
-conductor,  tvithout  a difeharging  rod,  and  to  give 
Ihocks  fueceflively  of  the  fame  degree  of  flrengtli  ; on 
which  account  it  is  veiy  fit  for  medical  purpofes. 
Then,  if  a perfon  holds  a wire  faflened  to  the  ferew  H 
in  one  hand,  and  another  wire  fixed  to  E,  a loop  of  brafs 
wire  palling  from  the  frame  of  the  machine  to  a tin  plate, 
on  which  the  phial  D hands,  he  will  perceive  no  fhock, 
when  K and  M are  in  contaiFI ; and  the  degree  of  the 
explofion,  as  well  aa  the  quantity  of  eledfricity  accumu- 
lated in  the  phial,  wull  be  regulated  by  the  diftance  be- 
tween K and  M.  Philof.  Tranf.  vol.  57,  pa.  451. — 
Mr.  Henley  much  improved  Mr.  Lane’s  Eleflrometer, 
by  taking  away  the  ferew,  the  double  milled  nut,  and 
the  fharp-edged  graduated  plate,  and  adding  other  con- 
trivances in  their  ftead.  Mr.  Henley’s  ftifeharg-er  of 
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this  kind  has  two  tubes,  one  Hiding  within  the  other,  to 
lengthen  and  accommodate  it  to  larger  apparatus. 

The  Quadrant  Eledtro  meter  of  Mr.  Henley,  con  lifts 
ef  a item,  terminating  at  its  lower  end  with  a brafs  fer- 
rule and  ferew,  for  faftenlng  it  upon  any  occafion  ; and 
its  upper  pai't  ends  in  a ball.  Near  the  top  is  fixed  a 
graduated  femicircle  of  ivory,  on  the  centre  of  rvhich 
the  index,  being  a very  light  rod  with  a cork  ball  at  Its 
extremity,  reaching  to  the  brafs  ferrule  of  the  ftem.,  is 
made  to  turn  on  a pin  in  the  brafs  piece,  fo  as  to  keep 
near  the  graduated  limb  of  the  femicircle.  When  the 
Eledfrometer  is  not  eleftrified,  the  index  hangs  parallel 
to  the  ftem  .;  but  as  foon  as  it  begins  to  be  eledlrified, 
the  index,  repelled  by  the  ftem,  will  begin  to  move 
along  the  gradukted  edge  of  the  femicircle,  and  10  mark 
the  degree  to  which  the  conductor  is  ele<ftrified,  or  the 
height  t o which  the  charge  of  any  jar  or  battery  is  ad- 
vanced. 

Mr.  Cavallo  has  alfo  contrived  feveral  ingenious  Elec- 


trometers, For  different  ufes  ; as  may  be  feen  in  hii 
Trcatife  on  Eledlricity,  pa.  370,  &c,  and  in  the  Pliilof, 
Tranf.  vol.  67,  pa.  48  and  399. 

EI^ECTllOPHOJl,  or  Ei.ectrophoru?,  an  in- 
ftriiment  for  fnewing  perpetual  electricity  ; which  was 
Invented  by  Mr.  Volta,  of  Como,  near  Milan,  in  Italy. 
The  machine  confiits  of  two  plates,  ftg.  8,  one  of 
which  B is  a circular  plate  of  glafs,  covered  on  one  hdc.. 
with  feme  refinous  eledtric,  and  the  other  A is  a plate 
of  brafs,  or  a circular  board,  coated  with  tinfoil,  and 
furniflied  with  a glafs  handle  I,  which  may  i^e  ferewed 
into  its  centre  by  means  of  a focket.  if  the  plate  B 
be  excited  bv  rubbing  it  with  new  white  flannel,  and  the 
plate  A be  applied  to  its  coated  fide,  a finger,  or  any 
other  condudlor,  will  .receive  a fpark  on  touching  thm 
plate  4 and  if  the  plate  A be  then  feparated,  by  means 
of  the  handle  I,  it  will  be  found  ftrongly  eledlrified, 
with  an  elediricity  contraiy  to  that  of  the  plate  »B. 
By  replacing  the  plate  A,  touching  it  with  the  finger, 
and  feparating  it  again,  it  will  be  found  eledfn’ficd  as 
before,  and  give  a fpark  to  any  condudlor,  attended 
with  a fnapping  iioife  ; and  by  this  means  a coated 
phial  maybe  charged.  The  fame  phenomena  may  re- 
peatedly be  exhibited,  without  any  renev.'ed  excitation 
of  the  eledlrlc  plate  B ; tlie  cledlric  power  of  B having 
continued  for  feveral  da)T>,  and  even  weeks,  after  ex- 
citatian  ; though  tiiere  is  no  reafon  to  imagine  that  it 
is  perpetual. 

Mr.  Cavailo  prepares  this  machine  by  coating  the 
glafs  plate  witii  lealing-wax  ; and  Mr.  Adams,  philolo- 
phlcal  inftrument  maker,  prepares  them  with  plates 
formed  from  a compofition  of  two  parts  of  ftiell-lac,  and 
one  of  Venice  turpentine,  without  any  glafs  plate. 

The  adlion  of  this  plate  depends  on  a principle  dib 
covered  and  illiiftrated  by  the  experiments  of  Frank- 
lin, Canton,  Wilcke,  and  jEpinus,  viz,  that  an  excited 
cledlric  repels  the  -eledlricity  of  another  body,  brought 
within  its  fphere  of  adlion,  and  gives  it  a contrary  elec- 
tricity. Thus  the  plate  A,  touched  by  a condudlor, 
wbilfi  in  contadl  w'ith  the  plate  B,  eledlrified  negatively, 
wuil  acquire  an  additional  quantity  of  the  eledlric  fluid 
frohi  the  condudlor  ; but  if  it  were  in  contadl  with 
a plate  eledlrified  pofi lively,  it  would  part  with  its  elec- 
tricity to  the  condudlor  connedled  wuth  it.  See  an 
account  of  feveral  curious  experiments  with  this  ma- 
chine, by  Mr.  Henley,  Mr.  Cavailo,  and  Dr.  Ingen- 
houfz,  in  the  Philof.  Tranf.  vol.  66,  pa.  513  ; vol.  67, 
pa.  1 16  and  389  ; and  vol.  68,  pa.  1027  and  1049. 

ELEMENTARY,  fomething  that  relates  to  the 
principles  or  elements  of  bodies,  or  fciences  ; as  Ele- 
mentary Air,  Fire,  Geometry,  Mufic,  See. 

ELEMENTS,  the  firft  principles,  of  which  all 
bodies  and  things  are  compofed.  Thefe  are  fuppofed 
few  in  number,  unchangeable,  and  by  their  combinations 
producing  that  extenfive  variety  of  objedls  to  be  met 
with  in  the  works  of  nature. 

Democritus  Hands  at  tlie  head  of  the  Elementary 
Philofophers,  in  which  he  followed  by  Epicurus,  and 
many  others  after  them,  of  the  Epicurean  and  corpuf- 
cular  philofophers. 

Among  thofe  who  hold  the  Elements  corruptible, 
fome  will  have  only  one,  and  fome  feveral.  Of  the 
former,  the  principal  are  Heraclitus,  who  held  fire ; 
Anaximenes,  air  ; Thales  Milelius,  water;  and  Hefiod, 

earth ; 
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f-artl)  ; ns  the  only  Element,  • Elefiod  is  followed  by 
Bernardin,  Telclius  ; and  Thales  by  many  of  the  clie- 
mlils. 

Among  thole  who  admit  feveral  corruptible  Ele^ 
ments,  the  principal  are  the  Peripatetics  ; wlio,  after 
their  leader  Arillotlc,  contend  for  four  Elements,  viz, 
fire,  air,  water,  and  earth.  Ariftotle  took  the  notion 
from  Hippocrates  ; Hippocrates  from  Pythagoras  ; 
and  Pythagoras  from  Ocellus  Lucanus,  who  it  feems 
was  the  hrll;  author  of  it. 

The  Cartefians  admit  only  three  Elements,  fire,  air, 
and  earth.  Bee  Cartesian  Pbilofophy. 

Newton  obierves,  that  it  feems  probable  that  God, 
in  the  beginning,  formed  matter  in  folid,  malfive,  hard, 
impenetrable,  moveable  particles,  ol  fiich  fizes  and  fi- 
gures, &c,  as  moll  conduced  to  the  end  for  which  he 
formed  them  ; and  that  thefe  primitive  particles,  being 
folids,  are  incomparably  harder  than  any  porous  body 
compounded  ot  them  ; even  fo  liard  as  never  to  wear 
out  ; no  ordinary  power  being  able  to  divide  what  God 
made  one  in  the  hrll  creation.  Vv^hile  the  particles  re- 
main entire,  they  mav  compofe  bodies  of  one  and  the 
fame  nature  and  texture  in  all  ages  ; but  fhould  they 
wear  away,  or  break  in  pieces,  the  nature  of  things, 
depending  on  them,  would  be  changed ; water  and 
earth,  compofed  of  old  worn  particles,  and  fragments 
of  particles,  would  not  be  of  the  fame  nature  and  tex- 
ture now,  with  water  and  earth  compofed  of  entire  par- 
ticles in  the  beginning.  And  therefore,  that  things 
may  be  lading,  the  changes  of  corporeal  things  arc  to 
be  placed  only  in  the  various  feparatlons,  and  new  af- 
lociations  and  motions  of  thofe  permanent  jiartlcles  ; 
compound  bodies  being  apt  to  break,  not  in  the  midll 
of  folid  particles,  but  where  thofe  particles  are  laid  to- 
gether, and  only  touch  in  a few  points.  It  feems  to 
him  liktwife,  that  thefe  particles  have  not  only  a vis 
inertiae,  with  the  pafilve  laws  of  motion  thence  refultlng, 
but  are  alfo  moved  by  certain  active  principles  ; fuch 
as  gravity,  and  the  caufe  of  fermentation,  and  the  co- 
hefion  of  bodies. 

Elements,  a term  alfo  ufed  for  the  firlb  grounds 
and  principles  of  arts  and  fclences  ; as  the  Elements  of 
geometry.  Elements  of  mathematics.  Sec.  So  Euclid’s 
Elements,  or  fimply  the  Elements,  as  they  were  an- 
ciently and  peculiarly  named,  denotes  tire  treatile  on  the 
chief  properties  of  geometrical  figures  by  that  author. 

The  Elements  of  Mathematics  have  been  delivered 
bv  feveral  authors  in  their  couries,  fyllems,  &c.  The 
firlt  work  of  this  kind  is  that  of  Herigon,  in  I.atln  and 
French,  and  publiihed  in  1664,  hi  10  tomes;  which 
contains  Euclid’s  Elements  and  Data,  Apollonius, 
Theodofrus,  &c  ; with  the  modern  Elements  of  arith- 
metic, algebra,  trigonometry,  architefture,  geography, 
navigation,  optics,  fplieiics,  ailronomy,  mufic,  perfpec- 
tive,  5cC.  The  work  is  remarkable  for  this,  that  a kind 
of  real  and  univerfal  charaCte^rs  are  ufed  throughout  ; 
fo  that  the  demonltrations  may  be  imderllood  by  fuch 
as  only  remember  the  characters,  without  any  depen- 
dence on  language  or  words  at  all. 

Since  Herigon,  the  Elements  of  the  leveral  parts  of 
mathematics  have  been  alfo  delivered  by  others  ; parti- 
cularly the  jefuit  Schotlus,  in  his  Curius  Matiiemati- 
cus,  in  1674;  De  Chales,  in  his  Ciirfus,  1674; 
jonas  Mooie,  in  his  New  SylUm  of  Mathematics,  in 
. VoL.  I. 
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1 68 1 ; Ozanam,  in  his  Cours  dc  Mallicmatiqiic,  in 
1699  5 Synopfis  Palmanoruia  Mai’iefeos, 

in  1706;  and  many  otheos,  but  above  all,  Clu'ilE 
Woliius,  or  Wolf,  in  his  Elcinenta  Matheieos  Univer 
fse,  in  2 vols  4to,  the  lil  publiihed  in  1713,  and  t!  ! 
2d  in  1715  ; a very  excellent  work  of  the  kind.  An- 
other edition  of  the  work  was  publiihed  at  Geneva,  m 
5 vols  4to,  of  the  feveral  dates  1732,  1733,  1735* 

I 738,  and  1 741. 

The  Elements  of  Euclid,  as  they  were  the  hrll,  fo 
they  continue  ilill  tlie  bell  fyllem  of  geohietrv,  are  in^ 
1 5 books.  There  have  been  numerous  editions  and 
commentaries  ol  this  woik.  Froclus  wrote  a enm- 
mentary  on  it.  Orontius  Fineus  firil  gave  a printed 
edition  of  the  lirll  6 books,  in  1530,  with  notes,  to  ex- 
plain Euclid’s  fenfe.  Peletarius  did  the  fame  in  T557. 
Nic.  Tartaglia,  about  the  fame  time,  made  a comiiKut 
on  all  the  15  books,  with  the  addition  of  many  things 
of  his  own.  And  the  lame  was  alio  done  bv  Billliu»'(ley 
in  1570;  and  by  Fluffates  Candalla,  a noble  French- 
man, in  the  year  1578,  with  conlideralile  additions  aii 
to  the  companion  and  iaferiptions  of  folid  bodies  ; 
which  work  was  afterwards  republlfhed  with  a prolix 
commentary,  by  Clavius.  Commandine  gave  alfo  a 
good  edition  of  it.  In  1703,  Dr.  Gregory  publiihed 
an  edition  of  the  whole  works  of  Euclid,  in  Greek  and 
Tatin,  Including  his  Elements.  But  it  would  be  end- 
lels  to  relate  all  the  oilier  editions  of  thefe  Elemen  t;s 
either  tlie  whole,  or  in  part,  that  have  been  given  ; 
lome  ol  the  bell  of  which  are  thofe  of  De  Chales,  Tac- 
quet,  Ozanam,  Whiflon,  Stone,  and  mod  cipeclally 
that  of  Dr.  Rol).  Simfon,  of  G1  algow. 

Other  writers  on  the  Elements  of  Geometry  are  al- 
mod  out  of  number,  in  all  nations. 

Elements,  in  the  Higher  or  Sublime  Geometry, 
are  the  infinitely  fmall  parts,  or  dlfi'erentials,  of  a right 
line,  curve,  furface,  or  iolld. 

Elements,  in  Ailronomy,  are  thofe  principles  de- 
duced Irom  adronomical  obfervations  and  calculations, 
and  thofe  fundamental  numbers,  which  are  employed 
in  the  condru6llon  of  tables  of  the  planetary  motions. 
Thus,  the  Elements  of  the  theory  of  the  fun,  or  rathe’’ 
of  the  earth,  are  his  mean  motion  and  eccentricity,  with 
the  motion  of  the  aphelia.  And  the  Elements  of  the 
theory  of  the  moon,  are  her  mean  motion,  that  of  tlie 
node  and  apogee,  tlie  eccentricity,  the  inclination  of 
her  orbit  to  the  plane  of  tlie  ecliptic  ; &c. 

ELEVATION,  the  height  or  altitude  of  any 
tiling. 

Elevation,  in  Architeclure,  denotes  a draught  01 
delcription  of  the  principal  face  or  fide  of  a building  ; 
called  alfo  its  upriglit  or  ortliography. 

Elevation,  in  Ailronomy  and  Ge('graphy,  is  va- 
rious ; as  Elevation  of  the  etpiat(.)r,  of  the  pole,  of  a 
dar,  &;c. 

Elevation  of  the  Equator y is  the  height  of  the 
equator  above  the  horizon  ; or  an  arc  of  the  meridian 
Intercepted  between  the  equator  and  the  horizon  of  the 
place. — The  Elevation  of  the  equator  and  of  the  pole 
together  always  make  up  a quadrant  ; tlie  one  being 
the  complement  of  the  other.  Therefore,  the  Eleva- 
tion of  the  pole  being  found,  and  fubtracled  from'  90'^, 
leaves  the  elevation  ol  the  equator. 

• Elevation  cf  the  PoJey  is  its  height  above  the 
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horizon  ; or  an  are  of  the  meridian  comprehended  be- 
tween the  equator  and  the  horizon  of  the  place. 

The  elevation  of  the  pole  is  always  equal  to  the  lati- 
tude of  the  place  ^ that  is,  the  arc  of  the  meridian-ih- 
tercepted  between  the  pole  and  the  horiz-on,  is-  every 
where  equal  to  the  arc  of  the  fame  meridian  mtercepted 
between  the  equator  and  the  zenith.  Thus  the  north 
pole  is  elevated  51°' 31''  above  the  horizon  of  I^ondon  ; 
and  the  diHance,  or  number  of  degrees,;  is  the  fame  be- 
tween London  and  the  equator  fo  that  London  is 
alfo  in  51°  31  ^ of  north  latitude. 

Elev'ation  of  a Slar,  or  of  any  other  point  in  the 
iphere,  is  the  angular  height  above  the  horizon  ; or  an 
arc  of  the  vertical  circle  intercepted  between  the  flap 
and  the  horizon.  The  meridian  altitude  of  any  fuch 
point,  or  its  altitude  wdien  in  the  meridian,  is  the  greateft 
of  all. 

Elevation  of  a Cannon,  or  Mortar,  is  the  angle 
which  the  bore  or  the  axis  of  the  piece  makes  wnth  the 
horizontal  plane. 

u4n^!e  ^Elevation,  is  the  angle  which  any  line-of 
direction  makes  above  a horizontal  line. 

Elevation  is  alfo  ufed  by  fome  writers  on  Ferfpec- 
tive,  for  the  fcenography,  or  perfpeflivc'  reprefentation 
of  the  whole  body  or  buildinof. 

d O 

ELLIPSE,  or  Ellipsis,  is  one  of  the  conic  fec- 
tions,  popularly  called  an  oval ; being  called  an  Ellipfe 
or  EllipfisTy  Apollonius,  the  hrd  and  principal  author 
on  the  conic  fedfions,  becaufe  in  this  figure  the  fquares 
of  the  ordinates  are  lefs  than,  or  defe^lve  of,,  the  redt- 
angles  under  the  parameters  and  abfciffes.. 

This  figure  is  differently  defined  by  different  au- 
thors ; either  from  fome  of  its.  properties,  or  from  me- 
ehanical  conftrudlion,  or  from  the  fedlion  of  a cone, 
which  is  the  beil  and  moff  natural  way.  Thus ; 


1.  An  Ellipfe  is  a plane  figure  made  by  cutting  a- 
cone  by  a plane  obliquely  through  the  oppofite  fides  of 
it  ; or  fo  as  that  the  plane  makes  a lefs  angle  with  the 
bafe  than  the  fide  of  the  cone  makes.with  it  | as  ABD 

The  line  AB  connedfing  the  uppermoft  and  lowed 
points  of  the  fedtion,  is  the  tranfverfe  axis  ; the  mid- 
dle of  it  C,  is. the  centre;  and  the  perpendicular  to 
it  DCE,  through  the  centre,  is  the  conjugate  axis. 
The  parameter,  or  latus  redfum,  is  a 3d  proportional  to 
the  tranfverfe  and  conjugate  axes  ; and  the  foci  are 
two  points  in  the  tranfverfe  axis,  at  fuch  equal  diftances 
from  the  centre,  that  the  double  ordinates  paffing 
through  thofe  points,  and  perpendicular  to.  the  tranf- 
verfe, are  equal  to  the  parameter. 

2.  The  Ellipfe  is  alfo  vanoiifly  deferibed  from  fome 
of  its  properties.  As  firft,  That  it  is  a figuve  of  fuch  a 


nature  that  if  two  lines  be  drawn  from  two  certain 
points  C and  D in  the  axis,  fig.  2,  to  any  point  E in 
the  circumference,  the  fum  of  thofe  tw’o  lines  CE  and 
X)E  will  be  every  where  equal  to  the  fame  conftant 
quantity,  viz,  the  axis  AB..  Or,  fecondly,  that  it  is 


a figure  of  fuch  a nature,  that  the  redfangle  A'G'X  GB " 
(fig.  3), of  the  abfeiffes,  tending  contrary  ways,  is  to  ^ 
GH^  the  fq.uare  of  the  ordinate,  as  AB^  to  IK^,  the 
fquare  of  the  tranfverfe  axis  to  the  fquare  of  the  conju- 
gate,, or,^  which  is  the  fame  thing,  as  the  tranfverfe 
axis  is  to  the  parameter.  And  fo  of  other  properties.  . 

3.  Or  the  Ellipfe  is  alfo  varioufiy  deferibed  from  its 
mechanical  conftrudlions,,  which  alfo  depend  on  fome 
of  its  chief  properties.  Thus  ; iff.  If  in  the  axis  AB,,, 
there  be  taken  any  point  I (fig.  4)  ; and  if  with  the 
radii  AI,  BI,  and  centres  F and  f,  the  two  foci,  arcs^ 
be  deferibed,  thefe  arcs  will  ihterfedl  in  certain  points 
E,  E,  e,  e,  which  will  be  in  the  curve  or  circumference 
of  the  figure:  and  thus  feveral  points  I being  taken  in 
the  axis  AB,  as  many  more  points  E,  e,  &c,  will  be 
found  ; then  the  curve  line  drawn  through  all  thefe 
points  E,  e,  will  be  an  Ellipfe.  Or,  thus ; iLthere  be  • 
taken  a thread  of  the  exa8:  length  of  the  < tranfveiffe 
axis^AB,  and  the  ends  off  the  thread  be  fixed  by  pins 
in  the  two  foci  F and/;  (fig.  5)  then  moving  a pen 
or  pencil  within  the  thread,  fo  as  to  keep  it  always 
llretched  out,  it  will  deferibe  the  curve  called  an 
lipfe. 


To  Confrud-  an  Ellipse.  There  are  many  other 
ways  of  deferibing  or  conftrudfing  an  Ellipfe,  befides 
thofe  juft  now  given  : as 

iff.  If  upon  the  given  tranfverfe  axis  there  be  de- 
feribed a circle  AGB  (fig.  6),  to  which  draw  any  ordi- 
nate DG,  and  DE  a 4th  proportional  to  the  tranfverfe, 
the  conjugate,  and  the  ordinate  DG ; then  E is  a point  in 
the  curve.  Or  if  the  circle  agb  be  deferibed  on  the  con- 
jugate axis  ah,  to  which  any  ordinate  dg  is  di'awn,  in 
which  taking  <^E  in  like  manner  a 4th  proportional  to 
the  conjugate,  the  tranfverfe,  and  ordinate  then 
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fliall  E b€  in  the  curve.  Or,  having  deferibed  the  two 
circles,  and  drawn  the  common  radius  C^G  cutting 
them  in  G and  ; then  drawn  parallel  to  the 
tranfverfe,  and  DGE  parallel  to  the  conjugate,  the  in- 
terieftion  E of  thefe  two  lines  will  be  in  tlie  curve  of 
the  eUipfe,  And  thus  feveral  points  E being  found,  the 
curve  may  be  drawn  through  them  all  ^^^th  a fteady 
hand. 

Fig.  7.  Fig.  8. 


2.  If  there  be  provided  three  rulers,  of  wltich  the 
two  GH  and  FI  (fig.  7 ) are  of  the  length  of  the  tranf- 
verfe  axis  LK,  and  the  third  FG  equal  to  HI  the  dif- 
tance  between  the  foci  ; then  connecting  thefe  rulers  fo 
as  to  be  moveable  about  the  foci  H and  I,  and  about  the 
points  F and  G,  their  intctfeclion  E will  always  be  in 
the  curve  of  the  ellipfe  ; fo  that  by  moving  the  rulers 
about  the  joints,  with  a pencil  pafTed  through  the  flits 
made  in  them,  it  will  trace  out  the  Ellipfe. 


3.  If  one  end  A of  any  two  equal  rulers  AB,  DB, 
'^fig.  9 and  10)  which  are  moveable  about  the  point 
B,  like  a carpenter's  joint-rule,  be  faftened  to  the  ruler 
■IjK,  fb  as  to  be  moveable  about  the  point  A ; and  if 
the  end  1)  of  the  ruler  DB  be  drawn  along  the  fide  of 
the  ruler  EK  ; then  any  point  E,  taken  in  the  fide  of 
the  ruler  DB,  will  deferibe  an  ellipfe,  whole  centre  Is 
A,  conjugate  axis  = 2DE,  and  tranfverfe  = 

2AB  -f  2BE. 

Another  method  of  delcription  is  by  the  Elliptical 
'Compafs.  See  that  article,  belowu 

Some  of  the  more  Remarhable  Properties  of  the  FJUpfe. 

■ — I.  The  re<ifl;angles  under  the  abfcilfes  aie  propor- 
'tional  to  the  Squares  of  their  ordinates  ; or  as  the  fquare 
of  any  axis,  or  any  diameter,  is  to  the  Iquare  of  its  con- 
jugate, fo  is  the  reftangle  under  two  abfeiffes  of  the 
•former,  to  the  fquare  of  their  ordinate  parallel  to  the 
latter ; or  again,  as  any  diameter  is  to  its  parameter, 
'fo  is  the  faid  recfangle  under  two  abfeiffes  of  that  di- 
-•Etmeter,  to. the  Iquare  of  their  ordinate.  So  that  if  d be 


any  diameter,  c its  conjugate,  p its  parameter  = 

X the  one  abfeifs,  d—x  the  other,  andy  the  ordinate  j 

then,  

as  d'-  : : x .d  — x : y®,  or  d'y-  = c^x.,  d—x  \ 

or  as  : p ::  x . d—x  : y",  or  dy^  = px  . d—x, 

Fnun  cither  of  which  equations,  called  the  equation 
of  the  curve,  any  one  of  the  quantities  may  be  found, 
when  the  other  three  are  given. 

2.  The  fum  of  two  lines  drawn  from  the  foci  to  meet 
in  any  point  of  the  curve,  is  always  equal  to  the  tranl- 
verfe  axis  ; that  is,  CE  DE  ~ AB,  in  the  2d  fig. 
Confcqiiently  the  line  CG  drawn  from  the  focus  to  the 
end  of  the  conjugate  axis,  is  equal  to  AI  the  femi- 
tranfverfe. 


Fig.  II. 


3.  If  from  any  point  of  the  curve,  there  be  an  ordi- 
nate to  either  axis,  and  alfo  a tangent  meeting  the  axife 
produced  ; then  half  that  axis  will  be  a mean  propor- 
tional between  the  diflances  from  the  centre  to  the  two 
points  of  interfedlion  ; viz,  CA  a mean  proportional 
between  CD  and  CT.  And  confequently  all  the  tan- 
gents TE,  TE,  meet  in  the  fame  point  -of  the  axi* 
produced,  whicli  are  drawn  from  the  extremities  E,  E, 
of  the  common  ordinates  DE,  DE,  of  all  Ellipfes  de- 
•Icribed  on  the  fame  axis  AB. 

4.  Two  lines  drawn  from  the  foci  to  any  point  of 
the  curve,  make  equal  angles  with  the  tangent  at  that 
'point ; that  is,  the  zl  FET  = A y'E/. 

5.  All  the  parallelograms  are  equal  to  each  other, 
that  are  -circumferibed  about  an  Ellipfis  ; and  every 
iuch  parallelogram  is  equal  to  the  recfangle  of  the  two 
axes. 

6.  The  film  of  tlie  fqiiares  of  every  pair  of  conju- 
'gate  diameters,  is  equal  to  the  lame  conllant  quantity, 
viz,  the  fum  of  the  fquares  of  the  two  axes. 

7.  If  a circle  be  deferibed  upon  either  axis,  and  from 
any  point  in  that  axis  an  ordinate  be  drawn  both  to  the: 
circle  and  ellipfis  ; then  lhall  the  ordinate  of  the>circlc 
be  to  the  ordinate  of  the  Ellipfe,  as  that  axis  is  to  the 
other  axis  : viz, 

AB  : ob  : : DG  : DE, 
and  ah  ; AB  ; : dg  : </E.  (in  the  6th  fig. ) 

And  in  the  fame  proportion  is  the  area  of  the  circle  to 
the  area  of  the  Ellipfe,  or  aRv -correfponding  fegments 
ADG,  ADE.  Alfo  the  area  of  the  Ellipfe  is  a mean 
proportional  between  the  areas  of  the  inferibed  and 
circumlcribed  circles.  Hence  therefore, 

8.  To  fnd  the  jtrea  of  an  EUipfe.  'Multiply  the  two 
axes  together,  and  that  product  by  *7854,  for  the  area. 
Or 

9.  To  find  the  Area  of  any  Seg^nent  ADE.  Find  the 

3 1 2 area. 
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area  oF the  correfponding  fegment  ADG  of  a circle  on 
the  fame  diameter  AB  ; then  fay,  as  the  axis  AB  ; 
its  conj.  ah  : : circ.  feg.  ADG  : elliptic  feg.  ADE. 

10.  7o  find  the.  length  of  the  fivhole  circumference  of 
the  EUipfe.  Multiply  the  circumference  of  the  circum- 
fcribing  circle  by  the  fum  of  the  feries 


d 


y-Sc 


n 


8cc, 


I 2-  2^4-  2-.4t6^  2\y6?.s^ 

for  the  area  : where  d is  the  difference  between  an 
unit  and  the  fqiiare  of  the  lefs  axis  divided  by  the  fquare 
of  the  greater. 

Or,  for  a near  approximation,  take  the  circumference 
of  the  circle  w^hole  diameter  is  an  arithmetical  mean 
between  the  two  axes,  or  half  their  fum  ; that  is, 

- — i — X 3*1416  = the  perimeter  nearly  ; being 

about  the  20Cth  part  too  little  ; where  t denotes  the 
tranfverfe,  and  c the  conjugate  axis. 

Or,  agcfin,  take  the  circumference  of  the  circle,  the 
fquare  of  whofe  diameter  is  half  the  fum  of,  or  an 
arithmetical  mean  between  the  fquares  of  the  two  axes  : 

that  IS,  V X 3*1416  = the  perimeter  nearly  ; 

being  about  the  200th  part  too  great. 

Hence  combining  thefe  twm  approximate  rules  to- 
gether, the  periphery  of  the  Ellipfe  will  be  very  nearly 
tqual  to  half  their  fum,  or  equal  to 
3*1416  ft  -{-c  ^ 


X 


within  about  the 
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30000th  part  of  the  truth. 

For  the  length  of  any  particular  arc,  and  many  other 
parts  about  the  Ellipfe,  fee  my  Menfuration,  pa.  283, 
&c,  2d  edit.  See  alfo  my  Conic  Sedlions,  for  many 
other  properties  of  the  Ellipfe,  efpecially  fuch  as  are 
common  to  the  hyperbola^alfo,  or  to  the  conic  fedlions 
in  general. 

Irfnite  Ellipses.  See  Elliptoide. 

ELLIPSOID,  is  an  elliptical  fpheroid,  being  the 
folid  generated  by  the  revolution  of  an  ellipfe  about 
titber  axis.  See  Spheroid. 

ELLIPTIC  or  Elliptical,  fomething  relating  to 
an  ellipfe. 

Elliptic  Compares,  or  Elliptical  Compafs,  is  an 
inftrument  for  deferibing  ellipies  at  one  revolution  of 
the  index.  It  con  fills  of  a crofs  ABGH  (fig.  S'.) 
with  grooves  in  it,  and  an  index  CE,  hiding  in  dove- 
tail grooves  ; by  wdiich  m.otion  the  end  E deferibes  the 
curve  of  an  ellipfe. 

Elliptical  Conoid y is  fometimies  ufed  for  the 


fpheroid. 

Elliptical  Dlaly  an  inftrument  ufually  made  of 
brafs,  with  a joint  to  fold  together,  and  the  gnomon  to 
fall  fiat,  for  the  convenience  of  the  pocket.  By  this 
inftrument  are  found  the  meridian,  the  hour  of  the  day, 
the  lifing  and  fetting  of  the  fun,  &c. 

Elliptoide,  an  infinite  or  indefinite  Ellipfis,  defined 

by  the  indefinite  equation  —hx^,a  — A^^when 

m or  n are  greater  than  i : lor  when  they  are  each  = i, 
it  denotes  the  common  ellipfe. 

There  are  fevcral  kinds  01  degrees  of  Elliptoides, 
denominated  fi  om  the  exponent  m ft-  n of  the  ordinatey. 

7 


As  the  cubical  Elliptoide,  exprefled  By  ay"^  rr 
hx^.  a—x'y  the  biquadratic,  or  furfolid  ay^  ~ hyd.  a — 

&c. 

ELONGATION,  in  Aftronomy,  the.  diftance  of  a 
planet  from  the  fun,  wuth  refpeCl  to  the  earth  ; or  the 
angle  formed  by  two  lines  drawn  from  the  earth,  the 
one  to  the  fun,  and  the  other  to  the  planet  ; or  the  arc' 
meafuring  that  angle  : Or  it  is  the  difference  between 
the  fun’s  place  and  the  geocentric  place  of  the  planet. 

The  GrCatcft  Elongation,  is  the  greateft  diftance  to 
which  the  planets  recede  from  the  fun,  on  either  fide. 
This  is  chiefly  confidered  in  the  inferior  planets,  Venus 
and  Mercury  ; the  Greateft  Elongation  of  Venus  being 
about  48  degrees,  and  of  Mercury  only  about  28  de- 
grees ; which  is  the  reafon  that  this  planet  is  fo  rarely 
feen,  being  ufually  loft  in  the  light  of  the  fun. 

FIMBER-Drzy,  are  certain  days  oblerved  by  the 
church  at  four  different  feafons  of  the  year  ; viz,  the 
Wednefday,  Friday,  and  Saturday  next  after  Qiiadra- 
gefima  Sunday,  or  the  iff  Sunday  in  Lent  ; after  Whit- 
funday  ; after  Holyrood,  or  Holycrofs,  the  14th  day 
of  September  ; and  after  St.  Lucy,  the  13th  day  of  De- 
cember. The  name,  it  feems,  is  derived  from  Embers, 
or  alhes,  which  it  is  fuppofed  vrere  ftrewed  on  the  head, 
on  thefe  folemn  faffs. 

EMBER-/LfrL,  are  thofe  weeks  in  which  the  Ember* 
days  fall.  Thefe  Ember-weeks  are  now  chiefly  no- 
ticed on  account  of  the  ordination  of  priefts  and  dea- 
cons ; becaufe  the  canon  appoints  the  Sundays  next, 
after  the  Ember-w^eeks  for  the  folemn  times  of  ordi- 
nation ; though  the  bifliops,  if  they  pleafe,  may  ordain 
on  any  Sunday  or  holiday. 

EMBOLIMFEAN,  and  Emboli smic,  Iniercalar%\ 
is  chiefly  ufed  in  fpeaking  of  the  additional  months  in- 
ferted  by  chronologifts  to  form  the  lunar  cycle  of  19- 
years. 

The  19  folar  years  confifting  of  6939  days  and  18 
hours,  and  the  19  lunar  years  only  making  6726  days, 
it  was  found  neceffary  to  intercalate  or  infert  7 lunar 
months,  containing  209  days  ; which,  with  the  4 bif- 
fextije  days  happening  in  the  lunar  cycle,  make  213 
days,  and  the  whole  6939  days,  the  fame  as  the  19  folar 
years,  wTich  make  the  lunar  cycle. 

In  the  courfe  of  19  years  there  are  228  common 
moons,  and  7 Embolifmic  moons,  wftiich  are  diftributed 
in  this  manner,  viz,  the  3d,  6th,  9th,  nth,  14th,  17th, 
and  19th  years,  are  Embolifmic,  and  fo  contain  384 
days  each.  And  this  was  the  method  of  computing 
time  among  the  Greeks  : though  they  did  not  keep 
regularly  to  it,  as  it  feems  the  Jew's  did.  And  the  me- 
thod of  the  Greeks  was  folkiw’cd  by  the  Romans  till 
the  time  of  Julius  Csefar. 

The  Embolifmic  months,  like  other  lunar  months, 
are  fometimes  of  30  days,  and  fometimes  only  29' 
days. 

The  Emholifmnc  Ejmhls  are  thofe  between  19  and  29  j- 
wdiich  are  fo  called,  becaufe,  wdth  the  addition  of  the 
epadt  II,  they  exceed  the  number  30  : or  rather,  be- 
caufe the  years  which  have  thefe  epafts,  are  Embolif- 
mic ; having  13  moons  each,  the  13th  being  the  Em- 
bolifmic. 

EMBOLTSMUS,  in  Chronology,  fignifies  interca- 
lation. As  the  Greeks  ufed  the  lunar  year,  which  con- 
tains only  354  days,  that  they  might  bring  it  to  the 
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folar  year,  of  365  days,  they  had  an  Embolifm  every 
two  or  three  years,  when  they  added  a 13th  lunar 
month. 

EMBOLUS,  tlie  moveable  part  of  a pump  or  fy- 
ringe  ; called  alfo  the  pifton,  and  popularly  the  fucker. 
T1  ic  pipe  or  barrel  of  a lyringe,  &c,  being  clofe  Ihut, 
th  e embolus  cannot  be  drawn  up  without  a very  confi- 
derable  force  ; which  force  being  withdrawn,  the  em- 
bolus returns  again  with  violence  ; owing  to  the  greater 
prefliire  of  air  above  than  below  it. 

EMBRASURE,  in  Archite6f  ure,  an  enlargement 
of  the  aperture  or  opening  of  a door,  or  window, 
within  fide  the  wall,  doping  back  inwards,  to  give  the 
greater  play  for  the  opening  of  the  door,  cafement,  &.c, 
or  to  take  in  the  more  light. 

Embrasures,  in  Fortification,  are  the  apertures  or 
holes  through  which  the  cannon  are  pointed,  whether 
in  cafemates,  batteries,  or  in  the  parapets  of  walls.  In 
the  navy,  thefe  are  called  port-boles.  The  Embrafures 
are  placed  12  or  15  feet  apart  from  each  other;  being 
made  doping  or  opening  outwards,  from  6 to  9 feet 
wide  on  the  outfide  of  the  wall,  and  from  2 to  3 with- 
in, to  allow  the  gun  to  traverfe  from  lide  to  fide.  Their 
bafe  is  about  2b  or  3 feet  above  the  platform  on  the  in- 
fide  of  the  W'all,  but  doping  down  outwards,  fo  as  to  be 
only  about  li  above  it  on  the  outlide  ; in  order  that 
the  muzzle  on  occafion  may  be  deprelfcd,  and  fo  the 
gun  fhoot  low,  or  downwards. 

EMERGENT  7 car^  in  Chronology,  is  the  epoch, 
or  date,  from  whence  any  people  begin  to  compute 
tlieir  time  or  dates.  So,  our  Emergent  year  is  fome- 
tmies  the  year  of  the  creation,  but  more  ufually  the 
year  of  the  birth  of  Chrilt.  The  Jews  ufed  that  of  the 
Deluge,  or  the  Exodus,  Sec.  The  Emergent  v^ear  of 
the  G reeks,  was  the  beginning  of  the  Olympic  games; 
while  that  of  the  Romans  was  the  date  of  the  building 
of  their  city. 

EMERSION,  in  Aftronomy,  is  the  re-appearance 
of  the  fun,  moon,  or  other  planet,  after  having  been 
eclipfed,  or  hid  by  the  interpofition  of  the  moon,  earth, 
or  other  body. 

The  Emerfions  and  imm.erfions  of  Jupiter’s  firll  fatcl- 
lite,  are  particularly  ufefiil  for  finding  the  longitudes 
of  places  ; the  immierfions  being  obferved  from  Jupi- 
ter’s conjundtion  with  the  fun,  till  his  oppofition  ; and 
the  Emerfions  from  the  oppofition  till  the  conjundfion. 
But  within  15  days  of  the  conjundtion,  both  before  and 
after  it,  they  cannot  be  oblcrved,  becaufe  the  planet 
and  his  fateilites  are  then  lod  in  the  fun’s  lindit. 

O ^ ^ 

Emersion  is  alfo  uied  when  a Ifar,  after  being  hid 
by  the  fun,  begins  to  re-appear,  and  to  get  out  of  his 
rays. 

Minutes  or  Scruples  of  Em  ERSTON,  an  arc  of  the 
moon’s  orbit,  which  her  centre  pades  over,  from  the 
time  fhe  begins  to  emerge  out  of  the  earth’s  fnadow,  to 
the  end  of  th  * ec’ipfe. 

Emersion.,  in  Phyfics,  the  rifing  of  any  folid  above 
the  fuiface  of  a fluid  that  is  fpecihcally  heavier  than 
the  folid,  into  which  it  had  been  violently  immerged, 
or  ptiflied. 

It  is  one  of  the  known  laws  of  hydroflatics,  that 
a lighter  folid,  being  forced  down  into  a heavier  fluid 
immediately  endeavours  to  emerge  ; and  that  with  a 
force  equal  to  the  excels  of  the  weight  of  a quantity  of 


the  fluid  above  that  of  an  equal  bulk  of  the  folkh 
Thus,  if  the  body  he  immerged  in  a fluid  of  double 
its  fpecific  gravity,  it  will  emerge  again  till  half  its 
bulk  be  above  the  furface  of  the  fluid. 

EMERSON  (William),  a late  eminent  mathema- 
tician, was  born  in  June  1701,  at  Hurworth,  a village 
about  three  miles  fouth  of  Darlington,  on  the  borders 
of  the  county  of  Durham  ; at  leail  it  is  certain  that  he 
refided  here  from  his  cluldhood.  His  father  Dudley 
Emerfon  taught  a fchool,  and  was  a tolerable  proli- 
cient  in  the  m.athematlcs  ; and  without  his  books  and 
inilruclioiis,  perhaps  his  fon’s  genius,  though  eminent- 
ly fitted  for  mathematical  fludies,  might  never  have 
been  unfolded.  Befide  his  father’s  inllrudtions,  our 
author  was  affifled  in  the  learned  languages  by  a young 
clergyman,  then  curate  of  Hurworth,  who  was  boarded 
at  his  father’s  lioiiie.  In  the  early  part  of  his  life  he 
attempted  to  teach  a few  fcholars  : but  whether  from 
his  concife  method  (for  he  was  not  happy  in  explain- 
ing his  ideas),  or  the  warmth  of  his  natural  temper, 
he  made  no  progrefs  in  his  fchool  ; he  therefore  foon 
left  it  off ; and  latisfied  with  a moderate  competence 
left  him  by  his  parents,  he  devoted  himfclf  to  a iludi- 
ous  retirement,  which  he  thus  clofcly  puriued,  in  the 
fame  place,  through  the  courfe  of  a long  life,  being 
moilly  veiy  healthy,  till  towards  the  latter  pait  of  his 
days,  when  he  was  much  afllidled  with  the  (lone.  To- 
ward the  clofe  of  the  year  1781,  being  fenfible  of  his 
approaching  diflblution,  he  difpofed  of  the  whole  of  his 
mathematical  library  to  a bookfellcr  at  York  ; and  on 
May  the  20th,  1782,  his  lingering  and  painful  diforder 
put  an  end  to  his  life  at  his  native  village,  being  near  81 
years  of  age. 

Mr.  Emerfon,  in  his  perfon,  was  rather  fliort,  but 
llroiig  and  well  made,  with  an  open  countenance  and 
ruddy  complexion,  being  of  a healthy  and  hardy  dii- 
pofition.  He  was  very  lingular  in  his  behaviour, 
drefs,  and  converlatlon.  His  manner  and  appearance 
were  that  of  a rude  and  rather  boorifli  country  man  ; 
he  was  of  very  plain  converfation,  and  indeed  feeming- 
Iv  rude,  commonly  mixiiicr  oaths  in  his  fciitenccs, 
though  without  any  ill  intention.  He  had  llrong  good 
natural  mental  parts,  and  could  difeouTe  fenlibly  on 
any  fubjecf,  but  was  always  politive  and  impatient  of 
any  contradidtion.  He  ipent  his  whole  life  in  dole 
lludy,  and  writing  books,  rroin  the  profits  of  which, 
he  redeemed  his  little  patrimony  from  lome  original  in- 
cumbrance. In  his  drels  he  was  as  lingular  as  in  every 

O ^ 

thing  elfe.  He  ^loirdFed  commonly  but  one  fuit  of 
clothes  at  a time,  and  thole  very  old  in  their  ap- 
pearance. He  feldom  ufed  a waducoat  ; and  his  coat 
he  wore  open  before,  except  the  lower  button  ; and 
his  Ihirt  quite  the  reverie  of  one  in  common  ule,  the 
hind-lide  turned  foremoH:,  to  cover  his  bread,  and  but- 
toned clofe  at  the  collar  behind.  He  wore  a kind  of 
rulb,  coloured  wig,  w ithuut  a crooked  hair  in  it,  which 
probably  had  never  been  tortured  with  a comb  from  the 
time  of  its  being  nuide.  A liat  he  would  make  to  lad 
him  the  bed  part  of  a life  time  ; gradually  Idfening 
the  haps,  bit  by  bit,  as  it  loll  its  dadicity  apd  hung 
down,  till  little  or  nothing  biit  the  crown  remained. 

He  often  walked  to  l^ondon  when  he  had  any 
book  to  be  publifned,  reviling  ilieet  by  dieet  himfelf : — 
truiciiig  1:0  eye  but  his  own  was  always  a favourite 
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maxim  with  him.  In  mechanical  fubje^ls,  he  always 
tried  the  propolitions  praClically,  making  all  the  differ- 
ent parts  himlelf  on  a fmall  Icale  ; fo  that  his  houfe 
was  lilled  with  all  kinds  of  mechanical  inftriiments,  to- 
gether or  disjointed.  He  would  frequently  Hand  up  to 
his  middle  in  water  while  Iffhing  ; a diverfion  he -was 
remarkably  fond  of.  He  uied  to  ftudy  inceffantiv  for 
iome  time,  and  then  for  relaxation  take  a ramble  to  any 
pot-alelioide  where  he  could  get  any  body  to  drink 
with  and  talk  to.  The  late  Mr.  Montagu  was  very 
kind  to  Mr.  Tmerfon,  and  often  viiited  .him,  being 
pleafed  with  his  converiation,  and  uied  often  to  come 
to  him  in  the  fields  where  he  was  working,  and  accom- 
pany him  home,  but  could  never  perfuade  him  to  g*et 
into  a carriage  ; on  thefe  occahons  he  would  fonietimes 
exclaim,  Damn  your  wliim-wham  ! I .had  rather 
walk.”  He  was  a.  married  man,  and  hisr  wife  ufed  to 
ipin  on  an  old-fafliioned  wheel,  of  .his  own  making,  a 
drawing  of  which  is  given  in  liis  Mechanics. 

Mr.  Itmerfon,  from  his  ffrong  vigorous  mind  and 
clofe  application,  liad  acqumed  a.  .deep,  .knowledge  of 
-all  the  b lancli.es  of  martliemati.cs  and  phyfics,  upon  all 
parts  of  wliicli  he  wrote  goad  treatifes,  tliough  in  a 
rough  and  unpoliilied  If  yle.  and  manner.  He  was  uiot 
remarkable  liowevcr  for  genius  or  difcoveries  of  his 
own,  as  his  works  fiiew  hai-dly  any  traces  of  original 
.invention.  He  was  ivell  Ikilled  in  the  icieiice  of  muhc? 
the  theory  of  founds,  and  the  various  fcales  both  an- 
cient and  modern  ; but  he  was  a very  poor  performer, 
.though  he  could  make  and  repair  fome  inffEtimeiits, 
and  fometimts  went  about  the  countiy  tuning  harpfi- 
. -chords. 


TJie  following  is  a lift  of  Mr.  Emerfoii’s  worD&.j 
all  of  them  printed-  in  ,8vo,  excepliiig  hk.  Mechanics 
and  his  Increments  in  qto,  aiKl,.hi,s  Navigation  in  12 mo. 
.1.  The  Doctrine  of  Fluxions. — 2.  The  Projection  of  the 
Sphere,  orthographic,  ftereograpliic,  and  gnomonical. 

■ — 3.  The  Elements  of  Trigonometry. — 4.  The.  Prin- 
ciples of  Mechanics. — 5.  A Treatife  of . Navigation  011 
the  Sea. — 6.  A Treatife  on.  Arithmetic. — 7.  . A .Trea- 
tife on  Geometry'. — 8 . A Treatife  of  Algebra,  in  ^2 
books. — 9.  The  Method  of  Increments. — 1,0.  Arith- 
metic of  Inliiiites,  and  the  Conic.  Sections,  Mu'th  other 
Curve  Lines.' — ii.  Elements  of  Optics  and  iPerfpec- 
, tive. — I 2.  Aitionomyn — 13.  Mechanics,  with  Centri- 
, petal  and  Centrifugal  Eorces. — 14.  Mathematical  Prin- 
ciples of  Geography,  Navigation,  and  Dialling. — ly. 
Commentary  on  the  Principia,  with  the  Defence  of 
Newton. — 16.  Trafts. — 17.  Mifcelianies. 

Eminential  Equation^  a term  ufed  by'  Tome  alge- 
braiflj),  in  the  inveltigatiori  of  the  areas  of  curvllineal 
figures,  for  a kind  of  affumed  equation  that  contains 
anotlier  equation  Eminently^  the  latter  being  a parti- 
cular cafe  of  the  former.  Hayes’s  Flux.  pa.  97. 

ENCEINT.E,  a French  term,  in  Fortification, , fig- 
nifying  the  whole  inclofure,  circumference,  or  compafs 
of  a fortified  place,  whether  built  with  ftoiie  or  brick, 
or  only  made  of  earth,  and  whether  witli  or  without 
b<iftions,  &c. 

E.NC.V  CEOPvElhf  A,  the  circle  or  chain  of  arts 
and'fcieuces  ; 'iometimes  alio  written  Cyxlopredia. 

ItNDECAGON,  a Jilane  geometrical  figure  of 
^eleven  lides  and  angles,  otiiervvife  called  LIndecagon.  If 
«ach  fide  of  this  figure  be  i,  its  area  will,  be  .9*3656409 


= y of  tlie  tang.  6fy3-Pr  degrees,  to  the  radius'll 
See  my  Menfuration,  pa.  114,  &c,  2d  edit.  See  alfo 
Regular  Figure. 

F.NFILADE,  a French  term,  applied  to  thofe 
trendies,  and  other  lines,  that  are  ranged  in  a right 
line,  and  fo  may  *be  fcoured  or  fwept  by  the  cannon 
lengtliways,  or  in  the  direction  -of  the  line. 

■ Fo  Enfilade,  k to  fweep  lengthways  by  the  firing 
of  cannon,  &c. 

jI  Battery  ^’Enfilade,  is  that  where  the  cannon 
fweep  a right  line. 

..Iv  Eofly  or  Command. is  a height  from 
whence  a whole  line,  may  be  fweipt  at  once. 

ENGINE,  in  MeGhanics',  a compound  machine,  con- 
fifting  of  feveral  fimple  ones,  as  -wheels,  fcrews,  levers, 
or  the  like,  combined  together,  in -order  rto.  lift,  caff, 
or  fuilain  a -weight,  or  producefome  other  confiderable 
effed,  fo  as  to  fave  either  forGe>  or  time. 

There  are  numberlefs  kinds  of  engines  ; of  which 
fome  are  for  war,  as  the  Baliffa,  Catapulta,  Scorpio, 
Aries  or  Ram,  &c.;  others  for  the  arts  of  peace,  as 
Mills,  Cranes,  Preffes,  Clocks,  Watches,  IScc,  &c. 

ENGINEER,  or  Ingineer,  is  applied  to  a con- 
rtriver  or  maker  of  any  kind  of  ufefiil  engines  or  ma- 
chines ; or  who  is  particularly  fl-cilled  or  employed  la 
Ahem.  And  he  is  denominated  either  a.  civil  or  miii- 
tarycEngineer,  according  as  the  objeds  of  his  profeffion 
refped  civil  or  military  piirpoles. 

- A milkaiy  Engineer  fiiould  be  an  expert  mathema- 
tician and  draughtfman,  and  particularly  yeried  in  for- 
tification and  gunnery,  being  the  perfon  officially  em- 
.ployed  to  diredl  the  operations  both  for  attacking  and 
defending  works.  When  at  a fiege  .the  Engineers  have 
narro.v/ly.  furvey'ed  the  place,  they  are  .to  make  their 
ayport  to  the  general,  or  commander,  by' acquainting 
him  which  part  they  judge  the  weakeit,  and  where  ap- 
proaches may  be  made  with  moft  fuccefs.  It  is  their 
Eufinefs  alfo  to  draw  -the  lines  of  xircumvallation  and 
contravallation  ; alfo  to  mark  out  the  trenches,  places 
of  arms,  batteries,  and  lodgments,  and  in  general  to 
tiiredf  the  workmen  in  all  fuch  operations. 

ENGONA8IS,  in  Affronomy,  the  fame  as  Hercu- 
rles,  one  of  the  northern  conilellations  ; which  fee. 

ENGYSCOPE,  the  fame  as  Microscope. 
ENHARMONIC,  the  laft  of  the  three  kinds  of 
miific.  It  abounds  in  diefes,  or  the  leaft  fenfible  di- 
vilions  of  a tone.  See  Phllof.  Tranf.  niimherqSi  ; alfo 
-Wallis  Appendix  ad  Ptolom.  pa.  165,  166. 

ENNEAD.ECATER1S,  in  Chronology,  a cycle  or 
'period  of  19  folar  years,  being  the  fame  as  the  Golden 
Number  and  Lunar  Cycle,  or  Cycle  of  the  Moon  ; 
which  fee  ; as  alfo  Embolismic. 

ENNEAGON,  a.plane  geometrical  figure  of  9 fides 
and  angles  ; and  is  otherwife  called  a Nonagon.  If 
eaeh'fide  of  this  figure.be  i,  its  area  will  be  6rt8i8242 
ir:  ^ of  the  tang,  of  70  degrees,  to  tlie  radius  i.  Sec 
(iny  Menfuration,  pa.  1 14,  2d  edit.  See  alfo  the  article 
Regular  Figure. 

ENTABLATURE,  in  Arcliiteaure,  is  that  part, 
of  an  order  of  column  which  is  over  the  capital,  com- 
prelieiiding  the  Architrave,  Erize,  and  Corniche. 

Entablature,  or  Entablement,  is  fometimes 
alfo  ufed  for  the  laft  row  of  Hones  oii  tire  top  of  the 
wall  of  a buildings  on  which  the  timber  and  cover- 
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ing'  refi  ; forr, dimes  alfo  called  the  Drip,  becaufe  it 
projects  a little,  to  throw  the  water  off. 

tDNVEDOPE,  in  Fortification,  is  a mound  of  earth, 
fometimes  raifed  in  the  ditch  of  a place,  and  fometimes 
beyond  it,  being  either  in  form  of  a fingle  parapet,  or 
of.  a fmall  parapet  bordered  with  a parapet.  Thefe 
Envelopes  are  made  only  to  cover  weak  parts  with 
fingle  lines,  Avithout  advancing  towards  the  held,  which 
cannot  be  done  without  works  that  require  a great 
deal  of  room,  fuch  as  horn-works,  half-moons,  .Sec. 
Envelopes  are  fometimes  called  Sillons,  Contregards, 
Coni  erves,  Lunettes,  &c. 

ENUMERATION,  a numbering  or  counting. 
Sir  Ifaac  Newton  wrote  an  ingenious  treatife,  being  an 
Enumeration  of  the  lines  of  the  3d  order. 
EOIjIPILE.  See  jEolipile. 

EPACT,  in  Chronoloorv,  the  excefs  of  the  folar 
month  above  the  lunar  fy nodical  month  ; or  of  the  fo- 
lar year  above  the  lunar  year  of  12  fynodical  months  ; 
or  of  feveral  folar  months  above  as  many  fynodical 
months  ; or  of  feveral  folar  years  above  as  many  dozen 
of  fynodical  months. 

The  Epadfs  then  are  either  Annual  or  Menftrual. 

Menjiriial  Epacts,  are  tire  excelfes  of  the  civil  ca- 
lendar month  above  the  lunar  month.  Suppofe,  for 
example,  it  were  new  moon  on  the  firft  day  of  January  : 
then  fince  the  month  of  January  contains  31  days, 

and  the  lunar  month  - 29*^^  12^  44*^  3^  j 

the  menftrual  Epadf  is  - i ii  15  57 

Annual  Epacts,  are  the  exceffes  of  the  folar  year 
above  the  lunar.  Ifence,  , 

as  the  Julian  folar  year  iai.  365  ^ o o o^, 

and  the  Julian  lunar  year  / 354  8 48  38, 

the  annual  Epadl  will  bet  10  21  ii  22, 

that  is,  almolt  1 1 days.  Confequentfy  the  Epadf  of 

2.  years,  is  22  days;  of  3 years,  33  days  ; or  rather 

3,  fince  30  days  make  an  embolifinic,  or  intercalary 
month.  . Tlien,  adding  flill  ii,  the  Epadl  of  4 years 
is  14  days  ; and  fo  of  the  reft  as  in  the  following  table, 
where  they  do  not  become  30,  or  o again,  till  the  19th 
year  ; fo  that  at  the  2Cth  year  the  Epadt  is  1 1 again  ; 
and  hence  the  cycle  of  Epadfs  expires  with  the  Golden 
Number,  or  Lunar  Cycle  of  19  years,  and  begins  with 
the  fame  again. 


T'abi.f.  of  Julian  Efacls. 


GoJden 

Numb. 

Epafls  j 

1 Golden 

1 Numb. 

Hpafts 

Golden 

N u m 0 . 

Epa5t 

1 

11 

VIII 

28 

XV 

15 

II 

22 

IX 

9 

XVI 

26 

III 

3 

X 

20 

xvn 

8 

IV 

H 

XI 

I 

XVIII 

19. 

V 

25 

XII 

' 12 

XIX 

30 

VI 

6 

XIII 

23 

or  0 

VII 

17 

XIV 

4 

Again,  as  the  new  moons  are  the  fame,  or  fall  on 
ftie  fame  day,  every  19  years,  fo  the  difference  between 
the  folar  and  lunar  years  is  the  fame  every  19  years. 
And  becaufe  the  faid  difference  is  always  to  be  added 
to  tlie  lunar  year,  to  adjuft  or  make  it  equal  to  the  tolar 


y^ear ; hence  the  faid  difference  rerpedtivcly  belonging 
to  each  year  of  the  moon’s  cycle,  is  called  the  Epad  of 
the  faid  year^  that  is,  the  number  to  be  added  to  the 
faid  year,  to  make  it  equal  to  the  folar  year.  Upon 
this  mutual  refpedf  between  the  cycle  of  the  moon  and 
the  cycle  of  the  Epadls,  is  founded  this 

Rule  for  f Tiding  the  ftdian  Epad^  belonging  to  any 
year  of  the  Moon^s  Cycle. 

Multiply  the  Golden  Number,  or  the  given  year  of 
the  Moon’s  Cycle,  by  ii,  and  the  product  wiU  be  the 
Epadt  if  it  be  lefs  than  30  ; hut  if  it  exceed  30,  then 
throw  out  as  many  30’s  as  the  produdl  contains,  and 
the  remainder  will  be  the  Epaeft. 

Rule  to  fnd  the  Gregorian  Epad. 

I ft,  .The  difference  between  the  Julian  and  Grego- 
rian years  being  equal  to  the  difference  between  the 
folar  and  lunar  year,  or  1 1 days,  therefore  the  Grego- 
rian Epadl  for  any  year  is  the  fame  with  the  Julian 
Epadf  for  the  preceding  year  ; and  hence  the  Grego- 
rian Epadl  will  be  found,  by  fubtradling  i from  the 
golden  number,  multiplying  the  remainder  by  ii,  and 
reje/liiig  the  30’s.  This  rule  will  ferve  till  the  year 
1900^  but  after  that  year,  the  Gregorian  Epadt  will 
be  found  by  this  rule  : Divide  the  centuries  of  the  given, 
year  by  <4  ; multiply  the  remafndcr  by  17  ; then  to  this 
produdl  add  43  times  tlie  quotient,  and  alfo  the  num- 
ber 86,  and  divide  the  whole  fum  by  25,  referving  the 
quotient  : next  multiply  the  golden  number  by  1 1,  and 
from  the  produdl  fubtradl  the  referved  quotient,  fo  ftiall 
the  remainder,  after  rejedling  all  the  30’s  contained  in 
it,  be  the  Epadt  fought. 

The  following  table  contains  the  Golden  Numbers,, 
with' their  corrdjx)nding.Epadts,  till  the  year  1900. 


Table  of  Gregorian  Epads. 


Golden 

Numb, 

Epads 

Golden 

Numb. 

Epads 

Godden  | 
Numb.  •. 

I 

0. 

VIII 

17  ' 

: XV 

IE 

1 I' 

IX 

28 

i XVI 

IIT 

22 

’ X 

9 

XVII 

IV 

3 

i XI 

20 

xvni 

V 

H 

XII 

I 

XIX 

VI 

25 

XUI 

1 2 

I 

VII 

6 1 

XIV 

23 

On  the  fubjedl  of  Epadls,  fee  Wol bus’s  Elemcnta 
ChronologicK,  apud  Opera,  tom.  4,  pa,  133;  alfo 
Philof.  Tranf.  vol.  46.  pa.  417,  or  numb.  495,  art.  5. 

EPAUI^E,  or  Espaui.e,  In  Fortification,  the, 
fl'toulder  of  the  baftion,  or  the  angle  made  by  the  face 
and  ftank,  oiherwife  ctilled  the  Angle  of  the  If  panic. 

FPAULEMENT,  in  Fortilication,  a fide- work 
hallily  thrown  up,  to  cover  the  cannon  or  the  men  ; 
and  is  made  either  of  earth  thrown  up,  or  bags  filled, 
witluearth  or  fand,  or  ot  gabions,  or  fafeines,  &c,  with 
earth  : of  which  latter  fort  are  commonly  the  Epaule- 
raents  of  the  places  of  arms  for  the  cavalry  behind  the 
trenches. 

Efaulemekt:,  is  alfo  ufed  for  a dc  mi-baft  ion,  con.. 

lilting 
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of  a face  and  flank,  placer!  at  tlic  point  of  a 
liorn-Vv'ork  or  crown-work.  Alfo  for  a little  flank 
added  to  the  kdes  of  liorn-works,  to  defend  them  when 
thev  are  too  loem.  Aifo  for  the  redoubts  made  on  a 
right  line,  to  fortify  it*  And  iaflly,  for  an  orillon,  or 
rnafs  of  earth  almoft  fepaare,  faced  and  lined  v/ith  a 
wall,  and  defigned  to  cover  the  cannon  of  a cafemate. 

IhPHEPy'IkRIS,  Ephemerides,  tables  calculated 
by  aftronomers,  fiewing  the  prefent  date  of  the  hea- 
vens for  every  day  at  noon  ; that  is,  the  places  in 
which  all  the  planets  are  found  at  that  time  ; differing* 
but  little  from  an  Aftronomical  Almanac.  It  is  from 
Inch  tables  as  thele  that  the  eclipfes,  conjiintfions,  and 
afpedfs  of  the  planets  are  made  out ; as  alfo  horofeopes, 
or  celeflial  fcliemes,  conftrudted,  See. 

There  have  been  Ephemerides  of  Origan,  Kepler, 
Argoli,  Keckerus,  Mezzarachis,  Wing,  Gadbury, 
Parker,  De  la  Hire,  &:c. 

In  France  the  Academy  of  Sciences  have  pnbliflied 

^ A 

annually,  from  the  beginning  of  the  prefent  century,  a 
kind  of  Fphemeris,  under  the  title  of  Connoifiance  des 
Temps,  which  is  dill  continued,  and  is  in  great  edeern  ; 
as  are  alfo  the  Ephemerides,  publifhed  there  every  ten 
years,  by  M.  Defplaces,  and  He  la  Lande. 

There  are  now  publidied  fuch  Ephemerides  by  the 
Academics  of  feveral  other  nations  ; but  that  which 
is  in  mod  edeem  for  its  accui*acy  and  ufe  in  finding* 
rthe  longitude,  is  the  Nautical  Almanac,  01*  Adrono- 
raical  Ephemeris,  publifned  in  England  by  the  Board 
of  Longitude,  under  the  diredlion  of,  the  Rev.  Dr. 
Mafleelyne,  Adroiiomer  Royal,  which  commenced  with 
the  year  1 767. 

EPICHARMUS,  an  ancient  poet  and  pliilofopher, 
born  in  Sicily,  was  a feholar  of  Pythagoras,  andflou* 
riilied  in  the  time  of  Pliero,  in  wliofe  reign  it  is  faid  he 
introduced  comedv  at  Svracufe.  He  wrote  alfo  trea- 

■ j j 

tifes  concerning  philofophy  and  medicine  ; but  none  of 
his  works  have  been  preferved.  He  died  at  90  years  of 
age,  according  to  Laertius,  who  has  preferved  four 
verfes  inferibed  on  his  datue. 

EPICUREIS,  a celebrated  ancient  pliilofopher,  ivas 
born  at  Gargettium  in  zVttica,  in  the  109th  Olympiad, 
or  about  340  years  before  Clirid.  He  fettled  at 
Athens  in  a line  garden  he  had  bought  ; where  he  lived 
with  his  friends  in  much  tranquillity,  and  educated  a 
great  number  of  difciples  ; who  lived  all  in  common 
with  their  mader.  His  fchool  was  never  divided,  but 
liis  doftrine  was  followed  as  an  oracle;  and  the  refpedf 
which  his  followers  paid  to  his  memory  is  admirable  ; 
his  birth- day  being  dill  kept  in  Pliny’s  time,  and  even 
the  very  month  he  was  born  in  obferved  as  a conti- 
nued fedival,  and  his  picture  placed  every  wliere.  He 
wrote  a great  many  books,  and  valued  himfelf  upon 
making  no  quotations.  He  raifed  the  atomical  fydleni 
to  great  reputation,  though  he  was  not  tlie  inventor  of 
it,  but  only  made  fume  change  in  that  of  Democritus. 
As  to  his  dodtrine  concerning  the  lupreme  good  or  hap- 
pinefs,  it  was  very  liable  to  be  mifreprefented,  and  foine 
ill  effedls  proceeded  from  thence,  which  diferedited 
his  fedl,  though  undefervedly.  He  was  cliarged  with 
perverting  the  woidhip  of  the  gods,  and  inciting  men 
to  debauchery.  But  he  did  not  forget  himfelf  on  this 
. occafion  : he  publiflied  his  opinions  to  the  whole  world  ; 
wrote  fome  books  of  devotion  x recommended  tlie  ve- 


neration of  the  gods,  fobriety,  and  chalfity,  living  in 
an  exemplary  manner,  and  conformably  to  the  rules  of 
.philofophical  wildorn  and  iragality.  He  died  of 
prefiion  of  urine,  at  72  years  of  age.' — Gaffendus  lias 
given  us  ail  he  cfculd  colleH  from  the  ancients  con- 
cerning the  perfou  and  doclrine  of  this  pliilofopher, 

IvpicuREAN  Philofophy,  the  doctrine,  or  fyflem  of 
philofophy  maintained  by  Epicurus  and  his  followers. 
This  coniilled  of  three  parts  ; canonical,  phyfical,  and 
ethical.  Tlie  hrlf  refpedted  the  canons  or  rules  of  judg- 
ing ; in  which  foundnefs  and  fimplicity  of  fenfe,  ah 
filled  by  fome  natural  reflections,  chiefly  formed  his 
art.  Elis  fearch  after  truth  proceeded  only  by  the 
fenfes  ; to  the  evidence  of  which  he  gave  fo  great  a 
certainty,  that  he  confidered  them  as  an  infallible  rule 

01  truth,  and  termed  them  the  Firll  natural  licfht  of 
• ^ 
mankind. 

In  the  2d  part  of  his  philofophy  he  laid  down  atoms, 
fpace,  and  gravity,  as  the  firfl  principles  of  all  things, 
lie  afierted  the  exiftence  of  God,  whom  he  accounted 
a blelfed  immortal  being,  but  who  did  not  concern  him- 
felf with  liuman  affairs. 

As  to  his  ethics,  he  made  the  fupreme  good  of  man  to 
conlill  in  pleafure,  and  confeqiiently  fuprem.e  evil  in 
pain.  Nature  itfelf,  fays  he,  teaches  usthis  truth  ; and 
prompts  us  from  our  birth  to  procure  whatever  gives  us 
plealure,  and  avoid  what  gives  us  pain.  To  this  end 
he  propofes  a remedy  againlf  the  fnarpnefs  of  pain, 
which  was  to  divert  the  mind  from  it,  by  turning  our 
whole  attention  upon  the  pleafures  we  ha.ve  formerly  en- 
joyed. He  held  that  the  v.ufe  man  muff  be  happy,  a-s 
long  as  he  is  wife  : the  pain,  not  depriving  him  of  his 
wifdom,  cannot  deprive  him  of  his  happinefs  : from 
which  it  would  feem  that  his  pleafure  conlifted  rather 
in  intelleHual  than  in  fenfual  enjoyments  : though  this 
is  a point  llrongly  conteftedx 

EPICLIREANS,  the  feCt  of  philofophers  holding 
or  following  the  principles  and  doCtrine  of  Epicurus, 
As  the  nature  of  the  pleafure,  in  which  the  chief  hap- 
pinefs is  fuppofed  to  be  feated,  is  a great  problem  in 
the  morals  of  Epicurus,  there  hence  arife  two  kinds  of 
Epicureans,  the  rigid  and  the  remifs  : the  firfl  were 
thofe  who  iinderflood  Epicurus’s  notion  of  pleafure  in 
the  bed  fenfe,  and  placed  all  their  happinefs  in  the  pure 
pleafures  of  the  mind,  arifing  from  the  practice  of  vir- 
tue ; while  the  loofe  or  remifs  Epicureans,  taking  the 
words  of  that  philofopher  in  a grofs  fenfe,  placed  all 
their  happinefs  in  bodily  pleafures  or  debauchery. 

EPICYCLE,  in  the  ancient  aflronomy,  a little  cir- 
cle having  its  centre  in  the  circumference  of  a greater 
one : or  a fmall  orb  or  fphere,  which  being  fixed  in  the 
deferent  of  a planet,  is  carried  along  with  it,  and  yet, 
by  its  own  peculiar  motion,  carries  the  planet  failened 
to  it  round  its  proper  centre. 

It  was  by  means  of  Epicycles  that  Ptolemy  and  his 
followers  foived  the  various  phe'nomena  of  the  pla- 
nets, but  more  efpecially  their  llations  and  i^trograda- 
tions. 

EPICYCLOID,  is  a curve  generated  by  the' revo- 
lution of  a .point  of  the  periphery  of  a- circle,  which 
rolls  along  or  upon  the  circumference  of  another  circle, 
either  on  the  convex  or  concave  fide  ofu't. 


its 


When  a circle  rolls  along  a ilraight  line,  a point  in 
.circumference  deferibes  the  curve  called  a cvcloid. 


But 
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ut  if,  inAead  of  the  right  line,  the  circle  roll  along 
the  circumference  of  another  circle,  either  equal  to  the 
former  or  not,  then  the  curve  defcribed  by  any  point 
in  its  circumference  .is  what  is  called  the  Epicycloid. 

If  the  generating  circle  roll 
along  the  convexity  of  the  circum- 
ference, the  curve  is  called  an  Up- 
per, or  Exterior  Epicycloid  ; but 
if  along  the  concavity,  it  is  called 
a 1. Oliver,  or  Interior  Epicycloid. 

Alio  the  circle  that  revolves  is 
called  the  Generant ; and  the  arc 
of  the  other  circle  along  which 
it  revolves,  is  called  the  Bafe  of 
the  Epicycloid.  Thus,  ABC  or 
BLV  is  the  Generant ; DPVE  the  Exterior  Epicy- 
cloid, its  axis  BY;  DPUE  the  Interior  Epicycloid  ; 
and  DBE  their  common  Bafe. 

For  the  Length  of  the  Curve. 

The  length  of  any  part  of  the  curve  of  an  Epicy- 
cloid, which  any  given  point  in  the  revolving  circle  has 
defcribed,  from  the  polition  where  it  touched  the  cir- 
cle upon  which  it  revolved,  is  to  double  the  verfed  fide 
of  half  the  arc  which  all  the  time  of  revolving  touched 
the  quiefcent  circle,  as  the  fum  of  the  diameters  of  the 
circles,  is  to  the  femidiamcter  of  the  quiefcent  circle 
in  the  Exterior  Cycloid  ; or  as  the  difference  of  the 
diameters  is  to  that  femidiamcter,  for  the  Interior 
one. 

For  the  Area  of  the  Epicycloid. 

Dr.  Halley  has  given  a general  propofition  for  the 
rr.eafuring  of  all  cycloids  and  Epicycloids  : thus,  the 
area  of  a cycloid,  or  Epicycloid,  either  primary,  or 
contradled,  or  prolate,  is  to  the  area  of  the  generating 
circle  ; and  alfo  the  areas  of  the  parts  generated  in 
thofe  curves,  to  the  areas  of  analogous  fegments  of  the 
circle  ; as  the  fum  of  double  the  velocity  of  the  centre 
and  the  velocity  of  the  circular  motion,  is  to  this  velo- 
city of  the  circular  motion.  See  the  Demonilr.  in  the 
Philof.  Tranf.  number  218. 

Spherical  Epicycloids  are  formed  by  a point  of  the 
revolving  circle,  when  its  plane  makes  a conffant  angle 
with  the  plane  of  the  circle  on  which  it  revolves. 
Meffrs.  Bernoulii,  Maupertuis,  Nicole,  and  Clairaut, 
have  demonffrated  feveral  properties  of  thefe  Epicy- 
cloids, in  Hid.  Acad.  Sci.  for  1732. 

Paraholic,  Elliptic,  &c.  Epicycloids. 

If  a parabola  roll  upon  another  equal  to  it  ; its  fo- 
cus will  deferibe  a riglit  line  perpendicular  to  the  axis 
of  the  quiefcent  parabola  : alfo  the  vertex  of  the  rolling 
parabola  will  deferibe  the  ciffoid  of  Diodes  ; and  any 
other  point  of  it  will  deferibe  fome  one  of  Newton’s  de- 
fective hyperbolas,  having  a double  point  in  the  like 
point  of  the  quiefcent  parabola. 

In  like  manner,  if  an  dlipfe  revolve  upon  another 
ellipfe,  equal  and  fimilar  to  it,  its  focus  will  deferibe  a 
circle,  whofe  centre  is  in  the  other  focus,  and  conle- 
quently  the  radius  is  equal  to  the  axis  of  the  ellipfis  ; 
and  any  other  point  in  the  plane  of  the  ellipfe  will  de- 
feribe a line  of  the  4th  order. 


The  fame  may  be  faid  alfo  of  an  hyperbola,  revolv- 
ing  upon  another,  equal  and  fimilar  to  it ; for  one  of  the 
foci  will  deferibe  a circle,  having  its  centre  in  the  other 
focus,  and  the  radius  will  be  the  principal  axis  of  the 
hyperbola  : and  any  other  point  of  the  hyperbola  will 
deferibe  a line  of  the  4th  order. 

Concerning  thefe  lines,  fee  Newton’s  Principia,  lib. 

I ; alfo  De  la  Hire’s  Memoires  de  Mathematique  &c, 
where  he  fliews  the  nature  of  this  line,  and  its  ufe  in 
Mechanics  ; fee  alfo  Maefaurin’s  Geometria  Orga- 
nica. 

EPIPHANY,  achriftian  feftival,  otherwife  called  the 
Ma  nifellation  of  Chrilt  to  the  Gentiles,' obferved  on 
the  6th  of  January,  in  honour  of  the  appearance  of 
cur  Saviour  to  the  three  magi  or  wife  men,  who  came 
to  adore  him  and  bring  him  prefents. 

EPISTYLE,  in  the  ancient  Architeclure,  a term 
ufed  by  the  Greeks  for  what  we  call  Architrave, 
viz  a maffive  ffone,  or  a piece  of  wood,  laid  immediately 
over  the  capital  of  a column. 

EPOCHA,  or  Epoch,  a term  or  fixed  point  of 
time,  from  whence  the  fucceeding  years  are  numbered 
or  reckoned. 

Dift'erent  nations  make  ufe  of  different  Epochs. 
The  chriffians  chiefly  ufe  the  Epoch  of  the  nativity  or 
incarnation  of  Jeius  Chriil ; the  Mahometans,  that  of 
the  Hegira  ; the  Jews,  that  of  the  creation  of  the 
world,  or  that  of  the  Deluge  ; the  ancient  Greeks, 
that  of  the  Olympiads  ; the  Romans,  that  of  the  build- 
ing of  their  city  ; the  ancient  Perfians  and  Afl'yrians, 
that  of  Nabonaifar  ; Scz. 

The  dodtrine  and  uie  of  Epochs  is  of  very  great  ex- 
tent in  chronology.  To  reduce  the  years  of  one 
Epoch  to  thole  of  anotlier,  i.  e.  to  find  what  year  of 
one  correfponds  to  a given  year  of  another  ; a period 
of  years  has  been  invented,  which,  commencing  before 
all  the  known  Epochs,  is,  as  it  were,  a common  recep- 
tacle of  them  all,  called  the  Julian  Period.  To  this 
period  ail  the  Epochs  are  reduced  ; i.  e.  the  year  of 
this  period  when  each  Epoch  commences,  is  determin- 
ed. So  that,  adding  the  given  year  of  one  Epoch  to 
the  year  of  the  period  correfponding  with  its  rife,  and 
from  the  fum  fubtradting  the  year  of  the  fame  period 
correfponding  to  the  other  Epoch,  the  remainder  is 
the  year  of  tiiat  other  Epoch. 

Epoch  of  Chiijl,  is  the  common  Epoch  throughout 
Europe,  commencing  at  the  fuppofed  time  of  our  Sa- 
viour’s nativity,  December  25  ; or  rather,  according 
to  the  ufual  account,  from  liis  circiimcifion,  or  the  iff 
of  January.  The  author  of  this  Epoch  was  an  Ab- 
bot of  Rome,  one  Dionyfius  Exiguus,  a Scythian, 
about  the  year  507  or  527.  Dionylius  began  liis  ac- 
count from  the  conception  or  incarnation,  ufually  call- 
ed the  Annunciation,  or  Lady  Day  ; whicli  method 
obtained  in  the  dominions  of  Great  Britain  till  the 
year  1752,  before  whicli  time  the  Dionyfian  was  the 
fame  as  the  Englilh  Epoch  ; but  in  that  year  the  Gre- 
gorian calendar  having  been  admitted  by  adf  of  parlia- 
ment, they  now  reckon  from  the  firff  of  January,  as 
in  the  other  parts  of  Europe,  except  in  the  court  of 
Rome,  where  the  Epoch  of  the  Incarnation  ffill  obtains 
for  the  date  of  their  bulls. 
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E P O 


A 7 AJB  L E of  the  Tears  of  the  mojl  remark  able  Epochs  or  Eras  and  Events, 


N.  B.  The  years  before  Chrift,  are  thofe  before  the  reputed  year  of  his  birth, 
and  not  reckoned  back  from  the  firft  year  of  his  age,  as  is  generally  done 
in  fuch  tables. 


The  Creation  of  the  World 

The  Deluge,  or  Noah’s  flood  . „ , 

AfTyrian  monarchy  founded  by  Nimrod 

The  birth  of  Abraham 

Kingdom  of  Athens  founded  by  Cecrops 

Entrance  of  the  Ifraelites  into  Canaan 

The  deftruction  of  Troy 

Solomon’s  temple  founded 

The  Argonautic  expedition 

Lycurgus  formed  his  laws 

Arbaces,  ill  king  of  the  Medes 

Olympiads  of  the  Greeks  began 

Rome  built,  or  Roman  Era 

Era  of  Nabonaffar  - - 

Firft  Babylonifh  captivity,  by  Nebuchadnezzar 

The  2d  ditto,  and  birth  of  Cyrus 

Solomon’s  temple  deftroyed 

Cyrus  began  to  reign  in  Babylon 

Peloponnefian  war  began 

Alexander  the  great  died 

Captivity  of  100,000  Jews  by  Ptolomy 

Archimedes  killed  at  Syracufe 

Julius  Css  far  invaded  Britain 

He  corre6led  the  calendar  « . 

The  true  year  of  Chrifl’s  birth 


The  Chrijlian  Era  begins  here. 


Dionyfian,  or  vulgar  era  of  Chrifl’s  birth 
Chrifi  crucified,  Friday  April  3d  - 

Jerufalem  deftroyed  - - * - - _ 

Adrian’s  wall  built  in  Britain  ~ - - _ 

Dioclelian  Epoch,  or  that  of  Martyrs 
The  council  of  Nice 

Conflantine  the  great  died  - - _ _ 

The  Saxons  invited  into  Britain 
Hegira,  or  flight  of  Mohammed 
Death  of  Mohammed 

The  Perfian  Yefdegird  - - - - - - 

Sun,  Moon,  and  Planets  h > ^ in  :£i:,  feen  from  the  earth 

Art  of  printing  difeovered  _ 

The  reformation  begun  by  Martin  Luther  - - - 

The  Calendar  corre6led  by  pope  Gregory  » - . . , 

Oliver  Cromwell  died  - - - - « 

Sir  Ifaac  Newton  born,  Dec.  25  - - . 

Made  Prefident  of  the  Royal  Society  - - . 

Died,  March  20th 

New  Planet  difeovered  by  Herfchel  - - . 


Julian 

Period. 

Year  of  the 

World. 

' ' ' 5 1 

' 1 

Years  before 

ChrilK 

706 

0 

•4007 

2362 

1656 

2351 

2537 

- 1831 

2176 

2714 

2008 

1999 

3H7 

2451 

1556 

3262 

2556 

1451 

3529 

2823 

1184 

3701 

2995 

1012 

3776 

3070 

937 

3829 

3103 

884 

3838 

3132 

875 

3938 

3232 

- 775 

39*51 

3255 

752 

3967 

3261 

746 

4-1 07 

'3401 

606 

4114 

34°8. 

599 

4125 

3419 

588 

4177 

3471 

53*5 

4282 

3576 

431 

4390 

3684 

323 

4393 

3687 

320 

4506 

3800 

207 

4659 

3953 

54 

4657 

3961 

4*5 

4709 

4003 

4 

Years 

fince 

Chrift. 

4717 

4007 

0 

474*5 

4040 

33 

4783 

4077 

70 

4833 

4127 

120 

4997 

4291 

284 

5038 

4332 

325 

5050 

4344 

337 

5158 

4452 

445 

5335 

4629 

622 

5343 

4637 

630 

5344 

4638 

631 

5899 

5193 

1186 

6153 

5447 

1440 

6230 

5524 

1517 

6295 

5589 

1582 

6371 

5*5*55 

1658 

6355 

5649 

1642 

6416 

5710 

1703 

6440 

5734 

1727 

6494 

5788 1 
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^EQUABLE  Motloti)  Celerity,  Velocity,  &c,  is 
that  which  is  uniform,  or  without  alteration,  or  by 
which  equal  fpaces  are  paffed  over  in  equal  times.  Hence, 
thefpaces,  pafled  over  in  Equable  motions,  are  propor- 
tion^ to  the  times.  So  that  if  a body  pafs  over  20 
feet  in  i fecond  of  time,  it  will  pafs  over  40  feet  in  2 
feconds,  and  fo  on. 

Equably  Accelerated  or  Retarded,  $zc,  is  when  the 
motion  or  change  is  increafed  or  decreafed  by  equal 
quantities  or  degrees  in  equal  times. 

EQUAL,  a term  of  relation  between  different 
things,  but  of  the  fame  kind,  magnitude,  quantity,  or 

quality. Wolfius  defines  Equals  to  be  thofe  things 

that  may  be  fnbflituted  for  each  other,  without  any 
alteration  of  their  quantity. — It  is  an  axiom  in  mathe- 
matics &c,  that  two  things  which  are  equal  to  tlie 
fame  third,  are  aifo  equal  to  each  other.  And  if 
Equals  be  equally  altered,  by  Equal  addition,  fub- 
traflion,  multiplication,  divifion,  5cc,  the  reiults  will  be 
alfo  Equal. 

E(>ual  Circles,  arc  thofe  whofe  diameters  are 
equal. 

Equal  Angles,  are  thofe  whofe  fides  are  equally  In- 
clined, or  which  are  meafured  by  fimilar  arcs  of  circles. 

Equal  Lines,  arc  lines  of  the  fame  length. 

E(3UAL  Plane  Figures,  arc  thofe  whofe  areas  are 
equal  ; whether  the  figures  be  of  the  fame  form  or 
not. 

Eqlial  Solids,  are  fuch  as  are  of  the  fame  fpace,  ca- 
pacity, or  folid  content  ; whether  they  be  of  the 
fame  kind  or  not. 

Equal  CurvaUires,  are  fuch  as  have  the  fame  or 
equal  radii  of  curvature. 

Equal  Ratios,  are  thofe  whofe  terms  are  in  the  fame 
proportion. 

Equal,  in  Optics,  is  faid  of  things  that  are  feen 
under  equal  angles. 

.EQUALITY,  the  exaft  agreement  of  two  things 
in  refpeft  of  quantity.  Thole  figures  are  equal  which 
may  occupy  the  fame  fpace,  or  may  be  conceived  to 
poflefs  the  fame  fpace,  by  the  flexion  or  tranfpofition 
of  their  parts.  See  a learned  difeourfe  upon  this, 
bv  Dr.  Barrow,  in  the  i ith  and  12th  of  his  Mathema- 
tical Left  ures. 

EcipTALiTY,  in  Algebra,  the  relation  or  comparifon 
between  two,  quantities  tliat  are  really  or  efleftually 
equal.  See  Equation. 

Equality,  in  Algebra,  is  ufually  denoted  by  two 
equal  parallel  lines,  as  = : thus  2 -+-  3 = 5,  i.  e. 
2 plus  3,  are  equal  to  5.  This  charafter  =,  was  firil 
Introduced  by  Robert  Recorde.  Des  Cartes,  and  feme 
others  after  him,  ufe  the  mark  cc  liiflead  of  it  : as 
2 -f  3 c<  5.  ^ 

Equality,  in  Aflronomy.  Circle  of  Equality, 
cr  the  EopfANT.  See  Circle  and  Equant. 

Ratio  or  Proportion  of  Equality,  is  that  between 
two  equal  numbers  or  quantities. 

Proportion  of  Equality  evenly  ranged,  or  ex  aqno 
ordinata,  is  that  in  which  two  terms,  in  a rank  or  fe- 
ries,  are  proportional  to  as  many  ter  ms  in  another  fc- 
ries,  compared  to  each  other  in  the  fame  order,  i.  e. 
the  firft  of  one  rank  to  the  firfl  of  another,  the' 2d  to 
the  2d,  &c. 

Prop()rtic-j2  of  Equality  evenly  dijlurhed,  called  alfo 


cx  eeqiio perturlata,  is  that  in  which  more  than  two  terms 
of  one  rank,  are  proportional  to  as  many  terms  of  ano- 
ther, compared  to  each  other  in  a different  and  inter- 
rupted order  ; viz,  the  iff  of  one  rank  to  tue  2d  of 
another,  the  2d  to  the  3d,  &:c. 

EQLTANT,  or  Alquant,  in  Aflronomy,  a circle 
formerly  conceived  by  ailronomers,  in  the  plane  of  the 
deferent,  or  eccentric  ; for  regulating  and  adjidling 
certain  motions  of  the  planets,  and  reducing  them 
more  eafily  to  a calculus. 

EQUAT-’ED  Anomaly.  See  Anomaly. 

EfjuATED  Bodies.  On  Gunter’s  Seftor  there  are 
fometimes  placed  two  lines,  anfwering  to  one  another, 
and  called  the  Lines  of  Equated  Bodies.  They  arc 
fituated  between  the  lines  of  fuperficies  and  folids,  and 
are  marked  with  the  letters  D,  I,  C,  S,  O,  T,  trt 
fignify  dodecahedron,  icofahedron,  cube,  fphere,  ofta- 
hedron,  and  tetrahedron. 

Theufes  of  tliefe  lines  are,  iff.  When  the  diameter 
of  the  fphere  is  given,  to  find  the  Tides  of  the  five  re- 
gular bodies,  each  equal  to  that  fphere  ; 2d,  from  the 
fide  of  any  one  of  thofe  bodies  being  given,  to  find 
the  diameter  of  the  fphere,  and  the  fides  of  the  other 
bodies,  which  fliall  be  each  equal  to  the  fird  given  bo- 
dy. So,  when  the  fphere  is  given,  take  its  diameter, 
and  apply  it  over  on  the  feftor  in  the  points  S,  S ; but 
when  one  of  tlie  other  five  bodies  is  given,  apply  its 
fide  over  in  its  proper  points  ; then  the  parallels  taken 
from  between  the  points  of  the  other  bodies,  or  fphere, 
fiiall  be  the  Tides  or  diameter,  equal  feverally  to  the 
fphere  or  body  firft  given. 

EQLTATION,  in  Algebra,  an  exprefiion  of  equa- 
lity between  two  diflerent  quantities.;  or  two  quantities, 
whether  Timple  or  compound,  with  the  mark  of  equality 
between  them  ; as  2 + 3 = 7 — 2;  or  2x3  = 6; 

* '20 

or  c X 3 = — ; ov  a h ~ c or  ax  h ,* 

Sic.  Wheiithe  things,or  two  Tides  of  the  equation,  are  the 
fame,  the  txprclfion  becomes  an  Identity,  as  5 = 5, 
or  ^ = ^7,  &c.  Sometimes  the  quantities  are  placed  all 
on  one  fide,  and  made  equal  to  o or  nothing  on  the 
other  fide  ;as5  — 5 =0,  or  a — ^ — o:  which  is  no 
more  than  fetting  down  the  difference  of  two  equal 
quantities  equal  to  nothing. 

The  charafter  or  fign  ufually  employed  to  denote  an 
Equation,  is  = , which  is  placed  between  the  two 
equal  quantities,  called  the  two  fides  of  the  Equa- 
tion. 

The  Terms  of  an  Equation,  are  the  feveral  quan- 
tities or  parts  of  which  it  is  compofed.  Tlius,  of  the 
Equation  a h = c,  the  terms  are  a,  I,  and  c : and 
the  tenor  or  import  of  the  exprefiion  is,  that  fome  quan- 
tity reprefented  by  c,  is  equal  to  two  others  reprefented 
by  a and  b. 

Equations  are  either  Simple  or  Affefted. 

A Simple  E()UAtion  is  that  which  has  only  one  pow- 
er of  the  unknown  quantity:  as  a + .x  =:  3^,  or 
ax"^  = be,  a^  4-  zx^  = ^b.  See  ; where  denotes  the 
unknown  quantity,  and  the  other  letters  known  ones. 
But 

An  AfeSted,  or  AdfeBed  Eqijation  contains  two 
or  more  different  powers  : as  + ax  = b,  or 
3.x  — = 25,  &c. 
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Again,  Equations  are  denominated  from  the  high- 
eft  power  contained  in  them  j as  quadratic,  cubic,  bi- 
quadratic, &c.  Thus, 

A ^ladratic  Equation,  is  that  in  which  the  un- 
known quantity  rifes  to  two  diraenhons,  or  to  the 
fquare  or  2d  power:  as  + 20x  = 200,  or 
ax  — x^  ~ I, 

A Cuh'ic  Equation,  is  that  in  which  the  unknown 
quantity  is  of  three  dimenfions,  or  rifes  to  the  cube 
or  3d  power:  as  or  — 27,  or 

xd  — ax^  + hx  ~ <r. 

A Biquadratic  Equ  at  i on,  isthat  in  which  the  unknown 
quantity  is  of  4 dimenfions,  or  rifes  to  the  4th  or  biqua- 
dratic power;  as  x'*’  ~ 25,  or  20^  = lo,  or 

— ax^  -j-  bx'^  — • cx  ~ d. 

And  fo  for  other  higher  orders  of  Equations. 

The  Root  of  an  Equation,  is  the  value  of  the  un- 
known letter  or  quantity  contained  in  it.  And  this 
value  being  fubftituted  in  the  terms  of  the  Equation 
iiiftead  of  that  letter  or  quantity,  will  caufe  both  fides 
to'vanidi,  or  will  make  the  one  fide  exactly  equal  to 


2X 

the  other.  So  the  root  of  the  Equation  ^ k l8  m 24, 

is  10;  becaufe  that'  ufing  10  for  a,  it  becomes 
? ^ + i8=:6-f  18=:  24. 


E,very  Equation  has  as  many  roots  as  it  has  dimen- 
fions, or  as  it  contains  units  in  the  index  of  the  higheft 
power,  v/hen  the  powers  are  all  reduced  to  integral  ex- 
ponents. So  the  fimple  Equation  of  the  ift  power,  has 
only  one  root ; but  the  quadratic  has  2,  the  cubic  3, 
the  biquadratic  4,  &c.  Thus  the  two  roots  of  this 
equation  a*  — 4A  = •— 3 are  i and  3 ; for  either  of  thefe 
fubftituted  for  a makes  x''~  — 4A  come  out  equal  to  — 3. 
Alfo  the  three  roots  of  a^— — iia  ——30,  or 
4A^  — liA  ft-  30  = o,  are  2,  5,  and —3  ; as  will 
appear  by  fubftituting  each  of  thefe  inftead  of  x in  the 
equation,  which  will  make  all  the  terms  on  one  fide 
equal  to  the  other  fide.  And  fo  of  others. 

The  Relation  between  the  Roots  of  Equationsy  and  the 

Coejfcients  of  their  Terms, In  every  Equation,  when. 

the  terms  are  ranged  in  order  according  to  the  order  of 
the  powers,  the  greater  before  the  lefs ; the  firft  term 
or  higheft  power  freed  from  its  coefficient,  by  dividing 
all  the  terms  by  it,  and  all  brought  to  one  fide,  and 
made  equal  to  nothing  on  the  other  fide,  when  it  will 
appear  in  this  form, 


n , n— I , ; n — 2 , n — 2 ^ 

X -h  ax  -f-  i?x  cx  . . . . = o ; 

then  the  relations  between  the  roots  and  coefficients, 
are  as  follow : 

I ft.  The  coefficient  a of  the  2d  term,  is  equal  to 
the  fum  of  all  the  roots. 

2d,  The  coefficient^  of  the  3d  term,  is  equal  to  the 
fum  of  all  the  products  of  the  roots  that  can  be  made 
by  multiplying  every  two  of'  them  together.  In  like 
manner, 

3d,  The  coefficients  r,  <7,  e,  &c,  of  the  following 
terms,  are  refpedtively  equal  to  the  fum  of  the  products 
of  the  roots  made  by  multiplying  every  three  together, 
or  every  four  together,  or  every  five  together,  &c,  the 
iigrts  of  all  the  rocts  being  changed.  All  which  will  ' 
appear  below,  in  the  Generation  of  Equations. 

The  Roots  of  Equations  are  Pofitive  or  Negative, 
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and  Real  or  Imaginary.  Thus,  the  two  roots  of  the 
Equation  A^—qA  = —3,  are  i and  3,  real  and  both 
politive  ; but  the  roots  of  the  Equation  x^  — qA^  — 1 1 a 
~ — 30,' are  2,  5,  & — 3?  are  real,  two  pofitive  and 
one  negative  ; and  the  roots  of  the  equation  x^  + gx 

= 10,  are  i and  — § ± | a/  — 39)  o^ie  real  and  tvio 
imaginary. 

The  Generation  of  Equations,  is  the  multiplying 
of  certain  affumed  fimple  equations  together,  to  pro- 
duce compound  ones,  with  intent  to  ftiew  the  nature 
of  thefe  ; a method  invented  by  Harriot,  which  is  this  : 
Suppofe  A-  to  denote  the  unknown  quantity  of  any  equa- 
tion, and  let  the  roots  of  that  equation,  or  the  values  . 
of  A,  be,  cz,  by  Cy  dy  &c  ; that  is  a = «,  and  x =z  by 
and  X — Cy  &c  ; ov  a — a rr:  o,  and  a — b rr  o,  and 
x — c=eOy  &c ; then  multiply  thefe  laft  equations  to- 
gether, thus, 

A — a " o 

X ^b  ~ o 


A^  — ax 

— bx  + ah 


A^  — a 

-b 

^ , X ab  = Oy 

tlie  quadratic.  Equationjf-j 

X — c 



a3  — a 

•\-b . x'^  -\r  ahx 

— c . x"^  a c -ft  be  . 

X — ale  ■ 

xt>  — 

a . A^  *h  ah , . 

A.- — abc  = 0,  the  cubic  Eqm 

— 

h -j-ac 

— 

c be 

A — 

d 

= 0 

a'^  — 

a , x'^  ab  , A^ 

— abc  . X abed  ~ 0,  the 

— 

b ■j'  ac 

— ahd  biquadratic  Eqiu, 

— 

c be 

—aed 

— 

d\.  -\-ad 

— bed 

-ft  bd 

Now  the  roots  of  thefe  equations  are  ^7,  hyCy  &c  ; 

and  it 

is  obvious  that  the 

\ fum  of  all  the  roots  is  the 

coefficient  5f  the  2d  term. 

, the  fum  of  all  the  produdts 

of  every  two  is  the  coefficient  of  the  3d  term,  the  fum  of 
all  the  products  oEevery  three  that  of  theqth  term,  and 
fo  on,  to  the  laft  term,  which  is  the  continual  product 
of  all  the  roots. 

^ Equations,  is  the  transforming  or 
changing  them  to  their  fimpleft  and  moft  commodious 
form,  to  prepare  them  for  hading  or  extrafting  their 
roots.  The  moft  convenient  form  is,  that  the  terms 
be  ranged  according  to  the  powers  of -the  unknown  let- 
ter, the  higheft  power  foremoft  next  the  left  hand,  and 
that  term  to  have  only  + 1 for  its  coefficient^  alfo  all 
the  terms  containing  the  unknown  letter  to  be  on  one 
fide  of  the  equation,  and  the  abfolute  known  term  only 
on  the  other  fide. 

Now  this  redudfion  chiefly  refpedls  the  hrft  term,  or 
that  which  contains  the  higheft  power  of  the  unknown 
quantity ; and  the  general  rule  for  reducing  it  is,  to 
confider  in  what  manner  it  is  involved  or  connected  with 
Other  quantities,  and  then  perform  the  counter  or  op- 

pofit€ 
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pofite  relation  or  operation  ; for  every  operation  is  un- 
done or  countera6led  by  the  reverfe  of  it ; as  addition 
by  fubtradfion,  multiplication  by  divifion,  involution 
by  evolution,  See:  then  bring  all  the  unknowm  terms 
to  one  fide,  and  the  known  term  to  the  other  fide, 
clianging  the  ligns,  from  -f  to  — , or  from  — to  + , 
of  thofe  terms  which  are  changed  from  one  fide  to  the 
other ; and  laftly  divide  by  the  coefficient  of  the  hrlk 
term,  with  its  fign. 

Thus,  for’ ex.  if  5^—12  = + 4- 

then  is  — = 12  + 4.,  or  2 A"  = 16  ; 

and.fo  x-= = 8.- 

Again,  if  ax  — h — r.v  -f  d 
then  ax — cx  — b + ^/, 

and  X = 

a — c 


And,  if  6x*~20  = I2X  -b  2.\*^  :: 
then  6a'^  — 2x^  = 12X  + 20, 
or  I2X  = 20, 

and  — 3 A = 5. 

Alfo,  if  b — = 3 : 

a X X 

then  ax  ab  hx  = 3<7x  + 3X'*, 
and  — 3.v’'d-  ax  + lx  — 3^x  ^ — aby . 
or  — 3A-  bx  — 2ax  — — ab, 

2a  — b ah 

and  A*  4“  x = — • 

3 3 


2 ah 


Alfo,  if  (d  -b  X"  — 33  = — : 

X 


then 


\^a'^  -b  — 33  + 


2 ah  33x  + 2^3 

X X 


+ I2ah~x  4- 

and  -b  Z Z , 

A 

and  a'^x'^  -j-  x^=  C)l'^x'^  + I2ah'^x  -f  4n^3*, 
and  x^  -b  d^ — ^Z^.x^  — I2al~x  =.  44?^3*. 

ExtraBlng  or  Jlnding  the  Roots  of 

This  is  finding  the  value  or  values  of  the  unknown 
letter  in  an  Equation,  the  rules  for  which  arc  various, 
according  to  the  degree  of  the  Equation. 


I.  For  the  Root  of 'a  Simple  Ee^ATieN, 

Having  reduced  the  equation  as  above,  by  bringing 
the  unknown  terms  to  one  fide,  and  the  known  ones  to 
the  other,  freeing  the  former  from  radicals  and  frac- 
tions, by  their  counter  operations,  and  laftly  dividing 
by  the  coefficients  of  the  unknown  quantity,  the  value 
of  it  is  then  found  : as  in  the  firft  and  2d  examples 
of  redu6lion  above  given. 


2.  For  the  Roots  of  ^ladratic  Equations. 

Thefe  are  ufually  found  by-  what  is  called  complet- 
ing the  fquare  ; wffiich  confifts  in  fquaring  half  the  co- 
efficient of  the  2d  term,  and  adding  it  to  both  fides  of 
the  equation  ; for  then  the  unknown!  fide  is  a complete 
fquare  of  a binomial,  and  the  other  fide  confifts  only 
of  knowm  quantities.  Therefore,  extract  the  root  on 
both  fides,  fo  fhall  the  root ' of  the  firft  fide  be  a bino- 
njlal,  one  part  of  which  is  the  unknown  letter,  and  the 


other  a known  or  given  quantity,  and  the  root  of  thft 
other  fide  is  taken  either  + or  — , fmee  the  fquare  of 
either  of  thefe  is  the  fame  given  quantity  ; laftly,  bring- 
ing over  the  known  part  of  the  binomial  root  to  the 
other  fide,  wnth  a contrary  fign,  gives  the  two  roots  or 
values  of  the  unknown  letter  fought. 

Thus,  if  x^  -b  2ax  = 3^  be  a general  quadratic  Equa- 
tion, 2a  being  the  coefficient  of  the  2d  term,  and  3^ 
the  abfolute  knowm  term,  both  with  their  figns. 
Then,  a is  half  that  coefficient,  and  dh  its  fquare ; 
w'hich  being  added,  gives  x'^  ft*  2ax  ■=.  ad  + 3^ ; 

and  the  root  extracted  gives  x-b  a z=z  dsz  ad  b'^  \ 

then,  tranfpofuig  a,  it  is  x ==  — a ^ \/ d*'  -d-  3*, 
the  turn  roots,  or  values  of  x. 

And  if  x^  — = 5 : then,  adding  2*  or  4, 

it  is  x^  — 4X  "b  4 = 9 ; 

the  root  is  X — 2 = ± 3, 

then  X = 2 dr  3 = ^ or  — ly 

the  twm  roots^or  values  of  x. 

And  if  x^  -f  4x  = 5 : 
then  x^  + qx  + 4 = 9 ; 
and  .V  “b  2 = + 3 ; 

or  X = — 2 dr  3 = I,  or  —5,  the  tw^o 

roots,  which  are  the  fame  numbers  as  before,  but  with, 
the  figns  changed. 

Alfo,  if  A*  — qx  = — 5 : ' 

then  A-  — 4A  -b  4 = 4 — 5 = — i ; 

and  X-  — 2 = db  — i ; 

or  X = 2 dz  — If  two  imaginary  roots. 

3;  For  the  Roots  of  Cubic  Eqvatioks. 

jd  Cubic  Eoj-TATiON  is  that  in  which  the  unknowm 
letter  afeends  to  the  Qd  power  ; as  x^  4-  ^3  — ^3  oi* 
a3  + ax''-  + bx  z=  r. 

The  2d  term  of  every  Cubic  Equation  being  taken 
away,  thofe  equations  may  all  be  reduced  to  this  form, 
A^  -b  ax  — 3 ; and  the  general  value  of  one  root  is 

.V  = vj4»  + ^V'>‘  + ^ 

This  rule  is  ufually  called  Cardan’s,  becaufe  firft.  pub- 
lifficd  by  him,  but  it  w'as  Invented  both  by  Scipio  Eer- 
rcus,  and  Nich.  Tai'talea,  by  w-'hom  it  was  communi- 
cated to  Cardan.  See  the  article  Algebra. 

When  the  2d  term  is  negative,  or  the  equation  of 

this  form,  x^—axz=  dz  3,  the  radical  v^-}3^  -b  b? 
comes  \b-  —dja^y  wdilch  wall  be  imaginary  or  impof- 

fible  when  Pja^  is  greater  than  -|3^,  for  *f  .'^1'^  — 
will  then  be  the  fquare  root  of  a negative  quantity, 
v/hich  is  impoffible  : and  yet,  in  this  cafe,  the  root  x is 
a real  quantity  ; though  algebraifts  have  never  been 
able  to  fuid  a real  finite  general  expreffion  for  it.  And 
this  is  called  the  Irreducible  or  Impraclicablc  Cafe. 

This  cafe  may  indeed  be  refolved  by  the  trifeclion  of 
an  arc  or  angle  ; or  by  any  of  the  iifual  methods  of 
converging  ; or  by  general  expreffions,  in  infinite  feries. 
See  Saunderfon’s  Algebra,  pa.  713  ; Philof.  Tranf. 
vol.  18,  pa.  136,  or  Abr.  vol.  i,  pa.  87  ; alfo  vol.  70, 
pa.  415.  See  alfo  the  article  Cubic  Equations. 

Mr.  Cotes  obferves,  in  his  Logometria,  pa.  29,  that 
the  folution  of  all  cubic  Equations  depends  either  upon 
the  trifedlion  of  a ratio,  or  of  an  angle.  See  this  me- 
thod explained  in  Saunderfon^s  Alg.  p.  718. 

Biquadratic 
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Bigih7Jratic  ATI 0-i^Sy  or  tliofe  that  arc  of  4 di- 
'menfions,  are  refolved  after -various  methods.  The  firft 
rule  was  given  by  Lewis  Ferrari,  the  companion  of 
Cardan,  which  is  one  of  the  beft.  A 2d  method  was 
given  by  Des  Cartes,  and  another  by  Mr.  Simpfon  and 
Dr.  Waring.  For  the  explanation  of  which,  fee  Bi- 
quadratic Equations* 

EsiyAriONS  of  the  Higher  Degrees  or  Orders* 

There  is  no  general  rule  to  exp  refs  algebraically  the 
roots  of  Equations  above  thofe  of  the  4th  degree  ; and 
therefore  methods 'of  approximation  are  here  made  ufe 
of,  which,  though  not  accurately,  are  yet  praflically 
true.  Some  of  thefe  excel  in  eafe  and  fimplicity,  and 
others  in  quicknefs  of  converging.  Among  thefe  may 
be  reckoned  firll,  Double  Pofition,  or  Trial-and-Error, 
-both  in  refpefl  of  eafe  and  univerfality,  as  it  applies  in 
the  fimplelf  manner  to  all  forts  of  Equations  whatever, 
not  excepting  even  exponential  ones,  radical  expref- 
fions  of  ever  fo  complex  a form,  .preffions  of  loga- 
rithms, of  arches  by  the  lines  or  tangents,  of  arcs  of 
curves  by  the  abfcilTes,  or  any  other  fluents,  or  roots  of 
fluxional  Equations.  For  an  explanation  of  this  and 
vOther  methods  of  converging  to  the  roots  of  equations, 
by  Halley,  Newton,  Raphfon,  &c,  &c,  fee  Approxi- 
mation, and  Converging. 

Befides  the  methods  above  adverted  to,  there  have 
been  fome  others,  given  in  the  Memoirs  of  feveral  Aca- 
demies, and  elfev/here.  As,  by  M.  Daniel  Bernoulli, 
in  the  A6fa  Petropolitana,  tom.  3,  p,  92  ; and  by  M. 
L.  Euler,  in  the  fame,  vol.  6,  New  Series,  and  tom.  5, 
p.  63  & 82  ; by  Mr.  Thos.  Simplon,  in  his  Effays, 
p.  82  ; in  his  Diflertations,  p.  102  ; in  his  Algebra, 
p.  158  ; and  in  his  SeleT  Exercifes,  p.  215. 

Abfolute  Equation.  See  Absolute. 

HdfeBedy  or  HffeBed  Equation.  See  Affected. 

Differential  Equation,  is  the  Equation  of  Diffe- 
rences or  Fluxions. 

Eniinential  See  Eminential. 

Exponential  Equation,  one  in  which  the  exponents 
of  the  powers  are  variable  or  unknown  quantities.  See 
Exponential. 

Fluential  Equation,  is  the  Equation  of  the  fluents. 

Equation,  is  the  Equation  of  the  fluxions. 

Literal  Equation,  is  a general  Equation  exprefled 
in  letters,  as  contradiilinguifhed  from  a 

Numeral  Equation,  one  exprefled  in  numbers. 

Franfcendental  Equation.  See  Transcendental. 

Ec^uation,  in  Affronomy,  as  Annual  EoqjxiTioN, 
is  either  of  the  mean  motion  of  the  fun  and  moon, 
or  of  the  moon’s  apogee  and  nodes. 

The  Annual  Equation  of  the  fun’s  centre  being 
given,  the  other  three  correfponding  annual  Equations, 
will  be  alfo  given,  and  therefore  a table  of  the  firfl  will 
ferve  for  all  of  them.  Thus,  if  the  annual  Equation 
•of  the  fun’s  centre,  taken  from  fuch  a table  for  any 
time,  be  called  j ; and  if  — A,  and  -|j=:B;  then 
fhall  the  other  annual  Equations  for  that  time  be  thus, 
A + d-o  ^ that  of  the  moon’s  mean  motion  ; 
and  B -f  /cj  B = that  of  the  moon’s  apogee  ; 

•and  ^B  — yl-^B  —n,  that  of  her  nodes. 

And  here  note,  that  when  x,  or  the  Equation  of  the 
fun’s  centre,  is  additive  ^ then  m is  negative,  a is  pofi- 
dive,  and  n is  negative.  But  on  the  contrary,  when  x 


is  negative  or  fubdiiflive  5 then  in  is  pofitive,  a 
tive,  and  n pofitive. 

There  is  alfo  an  Equation  of  the  mooFs  mean  motion^ 
depending  on  the  lituation  of  her  apogee  in  refpedl  of 
the  fun  ; which  is  greateft  when  the  moon’s  apogee  is 
in  an  oblaiit  with  the  fun,  and  is  nothing  at  all  when  it 
is  in  the  quadratures  or  fyzygies.  This  Equation  when 
greateft,  and  the  fun  in  perigee,  is  But  it  is 

never  above  f 34''  when  the  fun  is  in  apogee.  At 
other  diftances  of  the  lun  from  the  earth,  this  Equation 
when  greateft,  is  reciprocally  as  the  cube,  of  that  dif- 
tance.  But  when  the  moon’s  apogee  is  any  where  out 
of  the  oflants,  this  Equation  grows  lefs,  and  is  raoftly, 
at  the  lame  diftance  between  the  earth  and  fun,  as  the 
fine  of  double  the  diftance  of  the  moon’s  apogee  from 
the  next  quadrature  or  fyzygy,  is  to  radius.  This  is 
to  be  added  to  the  moon’s^  motion  while  her  apogee 
pafies  from  a quadrature  with  the  fun  to  a fyzygy  ; 
but  is  to  be  fubtradfed  from  it,  while  the  apogee  moves 
from  the  fyzygy  to  the  quadrature. 

There  is  moreover  another  Equation  of  the  mooFs  mo-‘ 
tioU)  which  depends  on  the  afpeCl  of  the  nodes  of  the 
moon’s  orbit  with  refpeft  to  tlie  fun  : and  this  is 
greateft  when  her  nodes  are  in  offants  to  the  fun,  and 
quite  vaniflies  when  they  come  to  their  quadratures  or 
fyzygies.  This  Equation  is  proportional  to  the  fine 
of  double  the  diftance  of  the  node  fromi  the  next  fyzygy 
or  quadrature  ; and  at  the  greateft  is  only  This 

muft  be  added  to  the  moon’s  mean  motion  while  the 
nodes  are  palling  from  the  fyzygies  with  the  fun  to 
their  quadratures  ; but  fubtrafled  while  they  pafs  froni 
the  quadratures  to  the  fyzygies. 

From  the  fun’s  true  place  fubtradl  the  equated  mean 
motion  of  the  lunar  apogee,  as  was  Ihewn  above,  the 
remainder  will  be  the  annual  argument  of  the  faid 
apogee  ; from  v.dience  the  eccentricity  of  the  moon  and 
the  2d  Equation  of  her  apogee  may  be  compared.  See 
Eheory  of  the  Moon’s  motions,  &c. 

Equation  of  the  Centre,  called  alfo  Frofhapherefis, 
and  Dotal  Projlhapherefis,  is  the  diflcrence  between  the 
true  and  mean  place  of  a planet,  or  the  angle  made  by 
the  lines  of  the  true  and  mean  place  ; or,  which 
amounts  to  the  fame,  between  the  mean  and  equated 
anomaly. 

The  greateft  Equation  of  the  Centre  may  be  obtained 
by  linding  the  fun’s  longitude  at  the  times  when  he  is 
near  his  mean  diftances,  for  then  the  difference  will 
give  the  true  motion  for  that  interval  of  time  : next 
find  the  fun’s  mean  motion  for  the  fame  interval  ot 
time ; then  half  the  difference  between  the  true  and 
mean  motions  will  Anew  the  greateft  Equation  of  the 
Centre. 

For  Example,  by  ohfervations  made  at  the  Royal 
Obfervatory  at  Greenwich,  it  appears  that  at  the  fol- 
lowing mean  times  the  lun’s  longitudes  were  as  an- 
nexed ; viz, 

Mean  times.  Sun’s  longitudes, 

1769  061.  I at  23'^ 49’"  12*  - - 6® 

1770  Mar.  29  at  o 4 50  . - - o 8 50  27*^ 

dif.  of  time  1 78'^  o 15  38;  true  dif.  Ion.  5 29  18  27 

tropical  year  = 3^5'^  5^  42*  = 365*2421527  ; 

obferved interval  = 1-78  o 15  ^8  =.  i 

Then 
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Then 

l6s'2^zi^2']  ; 178*01085648  ; ; 360°  : i75‘45'5948 
or  175°  27/  zi"  the  mean  motion. 

Therefore  - 175°  27'  21''  of  mean  motion, 

anfwers  to  - 179  18  27  of  true  motion ; 

their  difference  is  351  6 

and  its  half  - i 55  33 

is  the  greatefl  Equation  of  the  Centre  according  to 
thefe  ohfervations. 

To  Jind  the  Equation  of  the  Centre,  or  to  refolve  Kep- 
ler^s  problem,  is  a very  troublefome  operation,  efpecial- 
ly  in  the  more  eccentric  orbits.  How  this  is  to  be 
done,  has  been  fhewn  bv  Newton,  Gregory,  Keil, 
Machin,  Ea  Caille,  and  others,  by  methods  little  dif- 
fering from  one  another  ; which  conhft  chiefly  in  find- 
ing a certain  intei'm.ediate  angle,  called  the  eccentric 
anomaly  ; having  known  the  mean  anamoly,  and  the 
dimenfions  of  the  fun’s  orbit.  The  mean  anomaly  is 
eafily  found,  by  determining  the  exadt  time  when  the 
fun  is  in  the  aphelion,  and  ufing  the  following  propor- 
tion, viz, 

As  the  time  of  a tropical  revolution,  or  folar  year. 

Is  to  the  interval  between  the  aphelion  and  given  time. 
So  is  360  degrees,  to  the  degrees  of  the  mean  anomaly. 
Or  it  may  be  found  by  taking  the  fun’s  mean  motion, 
at  the  given  time  out  of  tables. 

To  fnd  the  Eccentric  Anomaly,  fay, 

As  the  aphelion  diftance, 

Is  to  the  perihelion  diflance  ; 

So  is  the  tangent  of  half  the  mean  anomaly, 

To  the  tanorent  of  an.  arc. 

O ^ 

Which  ai'c  added  to  half  the  mean  anomaly,  gives 
the  eccentric  anomaly.  Then, 

To  find  the  True  Anomaly,  fay. 

As  the  fqnare  root  of  the  aphelion  diftance. 

Is  to  the  fquare  root  of  the  perihelion  diftance  ; 

So  is  the  tanorent  of  half  the  eccentric  anomabq 
To  the  tangent  of  half  the  true  anomaly. 

Then,  the  difference  between  the  true  and  mean 
anomaly,  gives  the  Equation  of  the  Centre,  fought. 
Which  is  fubtradlive,  from  the  aphelion  to  the  perihe- 
lion, or  in  the  firft  6 figns  of  anomaly  ; and  additive, 
from  the  perihelion  to  the  aphelion,  or  in  the  laft  6 
figns  of  anomaly  ; and  hence  called  Profhaphenfs, 

By  this  problem  a table  may  eafily  be  formed. 
When  the  Equations  of  the  Centre  for  eveiy  degree 
of  the  firft  6 figns  of  mean  anomaly  are  found,  they 
will  ferve  alfo  for  the  degrees  of  the  laft  6 figns,  be- 
caufe  equal  anomalies  are  at  equal  dillances  on  both 
fides  of  their  apfes.  Then  fet  thefe  equations  orderly 
to  their  figns  and  degrees  of  anomaly  ; the  firft  6 being 
reckoned  from  the  top  of  the  table  dowmvards,  and 
figned  fuhtraB ; the  laft  6,  for  which  the  fame  Equa- 
tions ferve,  in  a contrary  order,  being  reckoned  from 
the  bottom  upwards,  and  marked  add.  Let  alfo  the 
difference  between  every  adjacent  two  Equations,  called 
Tabular  Differences,  be  fet  in  another  column.  Hence, . 
from  thefe  Equations  of  the  Centre,  augmented  or  di- 
minifhed  by  the  proportional  parts  of  their  refpedlive 
tabular  differences,  for  any  given  minutes  and  feconds, 
may  eafily  be  deduced  Equations  of  the  Centre  to  any ' 
mean  anomaly  propofed.  Robertfon’s  Elem.  of  Navig. 
book  5,  p.  286,  290,  295,  and  308,  ^Yhere  fuch  a table 
©f  Equations  is  given. 

5 


The  late  excellent  Mr.  Euler  has  particularly  con- 
fidered  this  fubjedl,  in  the  Mem.  de  I’Acad.  de  Berlin, 
tom.  2,  p.  225  & feq.  where  he  refolves  the  following 
problems  ; 

1.  To  find  the  true  and  mean  anomaly  correfpond- 
ing  to  the  planet’s  mean  diftance  from  the  fun  ; that 
is,  where  the  planet  is  in  the  extremity  of  the  conju- 
gate axis  of  its  orbit. 

2.  The  eccentricity  of  a planet  being  given,  to  find' 
the  eccentric  anomaly  correfponding  to  the  greatefl 
Equation. 

3.  The  eccentricity  being  given,  to  find  the  mean 
anomaly  correfponding  to  the  greatefl  Equation. 

4.  From  the  fame  data,  to  find  the  true  anom.aly' 
correfponding  to  this  Equation. 

5.  From  the  fame  data,  to  find  the  greatefl  Equa-- 
tion. 

6.  The  greatefl  Equation  being  given,  to  find  the- 
eccentricity. 

Mr.  Euler  obferves,  that  this  problem  is  very  diffi- 
cult, and  that  it  can  only  be  refolved  by  approximation  - 
and  tentatively,  in  the  manner  he  mentions  : but  if  tlie 
eccentricity  be  not  great,  it  may  then  be  found  diredtly 
from  the  greatefl  Equation.  Thus,  if  the  greatefl 
Equation  be.  = m,.  and  the  eccentricity  n ; . 


then  is  m = in  ft -j — n^  + - 

2.'^3  2,  3.5.7 

Wh  ence  by  reverfion 

1 1 787 

n =■  Im —m'^  — — — See. . 

2.\3  2b°3.5 

Where  the  greatefl  equation  m muft  be  expreffed  in 
parts  of  the  radius,  which  may  be  done  by  reducing 
the  angle  m into  fcconds,  and  adding  4*685  ^749  to  the 
log.  of  the  refulting  numbei-,  which  wail  be  the  log.  of 
the  number  m. 

The  mean  anomaly  to  which  this  greatefl  equation 
correfponds,  will  be 


X — 


90°  -f  I m 


— — nd  — See. 
2^5 


Whence, 


if  90°  be  added  to  of  the  greatefl  Equation,  the  finn 
will  be  the  mean  anomaly  luiriciently  exadt. 

hlr.  Euler  fubjoins  a table,  by  which  may  be  found 
the  greatefl  Equations,  with  the  mean  and  eccentric 
anomalies  correfponding  to  thefe  greatefl  Equations 
for  every  looth  part  of  unity,  which  he  fuppofes  equal 
to  the  greateft  eccentricity,  or  when  the  tranfverfe  and  . 
diftance  of  the  foci  become  infinite.  The  laft  column 
of  the  table  gives  alfo  the  logarithm  of  that  diftance  of 
the  planet  from  the  fun  where  its  Equation  is  greatefl. 
By  means  of  this  table,  any  eccentricity  being  given, 
by  interpolation  will  be  found  the  correfponding  greateft 
Equation.  But  the  chief  ufe  of  the  table  is  to  deter- 
mine the  eccentricity  when  the  greateft  Equation  is 
knowm  ; and  w*ithout  this  help  Mr.  Euler  thinks  the 
problem  cannot  be  refolved. 

Equation  of  Time,  denotes  the  difference  between 
mean  and  apparent  time,  or  the  reduflion  of  the  appa- 
rent unequal  time,  or  motion  of  the  fun  or  a planet,  to 
equal  and  mean  time,  or  motion  ; or  the  Equation  of 
time  is  the  difference  betw^een  the  fun’s  mean  motion, 
and  his  right  afeenfioni..  Apparent  time  is  that  which 
takes  its  beginning  from  the  paffage  of  the  fun’s  centre 
over  sthe  meridian  of  any  place  ; and  had  the  fun  no. 

rriCrtiuif 
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motion  in  the  ecliptic,  or  was  his  motion  reduced  to 
the  equator  or  in  right  afcenfion  uniform,  he  would  al- 
ways return  to  the  meridian  after  equal  intervals  of 
time.  But  his  apparent  motion  in  the  ecliptic  being 
continually  varying,  and  his  motion  in  right  afcenfion 
being  rendered  farther  unequal  on  account  of  the  obli- 
quity of  the  ecliptic  to  the  equator,  from  thefe  caiifes 
it  arifes  that  the  intervals  of  his  return  to  the  meri- 
dian become  unequal,  and  the  fun  will  gradually  come 
too  flow  or  too  loon  to  the  meridian  for  an  equable 
motion,  fuch  as  that  of  clocks  and  watches  ought  to 
be  ; and  this  retardation  or  acceleration  of  the  fun’s 
coming  to  the  meridian,  is  called  the  equation  of  time. 

Now,  computing  the  celelfial  motions  according  to 
equal  time,  it  is  neceflary  to  turn  that  time  back  again 
into  apparent  time,  that  they  may  correfpond  to  obfer- 
vation  ; on  the  contrary,  any  phenomenon  being  ob- 
ferved,  the  apparent  time  of  it  mull  be  converted  into 
equal  time,  to  have  it  correfpond  with  the  times  marked 
in  the  aflronomical  tables. 

The  Equation  of  time  is  nothing  at  four  different 
times  in  the  year,  wlien  the  whole  mean  and  unequal 
motions  exadlly  agree  j viz,  about  the  15th  of  April, 


the  15th  of  June,  the  31ft  of  Augufl,  and  the  24th  of 
December  : at  all  other  times  the  fun  is  either  too 
faft  or  too  flow  for  mean,  equal,  or  clock  time,  by  a 
certain  number  of  minutes  and  feconds,  which  at  the 
greatefl  is  16^  y happens  about  the  iff  of  No» 
vember  ; every  other  day  throughout  the  year  having 
a certain  quantity  of  this  difference  belonging  to  it  ; 
which  however  is  not  exactly  the  fame  every  year,  but 
only  every  4th  year  ; for  which  reafon  it  is  neceffarv 
to  have  4 tables  of  this  Equation,  viz,  one  for  each  of 
the  four  years  in  the  period  of  leap  years.  Inftead  of 
thefe,  may  be  here  infertcd,  as  follows,  one  general 
equation  of  time,  according  to  the  place  of  the  fun,  in 
every  point  of  the  ecliptic : where  it  is  to  be  obferved, 
that  the  fign  of  the  ecliptic  is  placed  at  the  tops  of 
the  columns,  and  the  particular  degree  of  the  fun’s 
place,  in  each  fign,  in  tlie  firft  and  lall  columns ; and 
in  the  angle  of  meeting  in  all  the  other  columns,  is  the 
equation  of  time,  in  minutes  and  feconds,  when  the 
fun  has  any  particular  longitude  : fuppofmg  the  obli- 
quity of  the  ecliptic  23®  28",  and  the  fun’s  apogee  in 

9°  of  22 , 


A of  the  Equation  of  Eimcy  for  every  Degree  of  the  Sun’s  Longitude. 
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EqUcitions  with  4- , are  to  be  added  to  the  ap- 
■parent  time,  to  have  the  mean  time  j thofe  with  — , 
are  to  be  fubtra6led  from  apparent  time,  to  give  the 
mean  time. 

The  preceding  mark,  whether  -f-  or  — , at  the  top 
of  any  column,  belongs  to  all  the  numbers  or  equa- 
tions in  thiit  column  till  thehgn  changes ; after  which, 
the  remainder  of  the  column  belongs  to  the  contrary 
fign. 

The  Equation  anfwering  to  any  point  of  longitude 
between  one  degree  and  another,  or  any  number  of 
minutes  or  parts  of  a degree,  is  to  be  found  by  pro- 
portion in  tlie  ufual  way,  viz,  as  i°  or  6o\  to  that 
number  of  minutes,  fo  is  the  whole  difference  in  the 
Equation  from  the  given  whole  degree  of  longitude  to 
the  next  degree,  to  the  proportional  part  of  it  anfwer- 
ing to  the  given  number  of  minutes. 

See  Tables  of  the  Equation  of  Time  computed  for 
every  year,  in  the  Nautical  Almanac,  by  a method  pro- 
pofed  and  illullratcd  by  Dr.  Mafl<elyne,  the  aftronomer 
royal,  viz,  by  taking  the  difference  between  the  fun’s 
true  right  afcenfion  and  his  mean  longitude,  correfted 
by  the  Equation  of  the  equinoxes  in  right  afcenfion, 
and  turning  it  into  time  at  the  rate  of  i minute  of 
time  to  15  ' of  right  afcenfign.  Philof.  Tranf.  vol.  54, 
P-  536. 

Equation  of  a Cur^e,  is  an  Equation  fhewing  the 
nature  of  a curve  by  exprefiing  the  relation  between 
any  abfeifs  and  its  correfponding  ordinate,  or  elfe  the 
relation  of  their  fluxions,  &c.  Thus,  the  Equation  to 
the  circle,  is  ax  — x'^  — y'^'>  where  a is  its  diameter,  x 
any  abfeifs,  or  part  of  that  diameter,  and  y the  ordinate 
at  that  point  of  the  diameter  ; the  meaning  being,  that 
whatever  abfeifs  is  denoted  by  x,  then  the  fquarc  of  its 
correfponding  ordinate  will  be  ax-^x^.  In  like  man- 
ner the  Equation 

p 

of  the  ellipfe  is  — . ax  — x-  = 


©f  the  hyperbola  is  — . = yN 

of  the  parabola  is  - - - px  ~ y^. 

Where  a is  an  axis,  and  p the  parameter. 

And  in  like  manner  for  any  other  curves. 

This  method  of  exprefiing  the  nature  of  curves  by 
algebraical  equations,  was  lirfl:  introduced  by  Des 
Cartes,  who,  by  thus  conneding  together  the  two 
fciences  of  algebra  and  geometry,  miade  them  mutually 
afiifting  to  each  other,  and  fo  laid  the  foundation  of  the 
greateil  improvements  that  have  been  made  in  every 
branch  of  them  fince  that  time.  See  Des  Cartes’s 
Geometry  ; alfo  Newton’s  Lines  of  the  3d  Order,  and 
many  other  fimilar  works  on  curve  lines,  by  feveral  au- 
thors. 

EQUATOR,  in  Geography,  a great  circl.e  of  the 
earth,  equally  diftant  from  its  two  poles,  and  dividing 
it  into  two  equal  parts,  or  hemifpheres,  the  northern 
and  fouthern.  The  Equator  is  fometimes  fimply  called 
the  Line. 

The  circle  in  the  heavens  conceived  diredtly  over  the 
Equator,  is  the  Equinodlial.  See  Equinoctial. 

The  greateft  height  of  the  Equator  above  the  hori- 
zon, is  equal  to  tlic  latitude  of  the  place. 
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As  one  whole  revolution  of  the  earth,  or  of  the 
3-60°  of  the  Equator,  is  performed  in  24  hours,  which  is 
at  the  rate  of  15°  to  the  hour  ; hence  the  number  of 
degrees  of  the  Equator,  anfwering  to  any  other  given 
tim-e,  or  the  time  anfwering  to  any  given  degrees  of 
the  Equator,  will  be  eafily  found  by  proportion,  viz, 
as  I hr.  : 15°  : : any  time  : its  degrees, 

eras  15°  : ihr.  ; : any  degrees  : their  time. 

And  thus  is  computed  the  foregoing  Table  for  turning 
time  into  degrees  of  the  Equator,  and  the  contrary. 

EQUATORIAL,  Uni^erfal,  or  Portable  Ob- 
servatory, is  an  inftrument  intended  to  anfwer  a 
number  of  ufefid  purpofes  in  pradfical  aftronomy,  in- 
dependent of  any  particular  obfervatory.  It  may  be 
employed  in  any  Heady  room  or  place,  and  it  performs 
moft  of  the  ufeful  problem.s  in  the  fcience  of  aftronomy. 
The  following  is  the  defeription  of  one  lately  invented, 
and  named  the  Univerfal  Equatorial. 

The  principal  parts  of  this  inftrument  (fig.  2,  plate 
viii.)  are,  ift,  The  azimuth  or  horizontal  circle  A, 
wTich  reprefents  the  horizon  of  the  place,  and  moves 
on  a long  axis  13,  called  the  vertical  axis.  2d,  The 
Equatorial  or  hour-circle  C,  reprefenting  the  Equator, 
placed  at  right  angles  to  the  polar  axis  D,  or  the  axis 
of  the  earth,  upon  which  it  moves.  3d,  The  femicir- 
cle  of  declination  E,  on  which  the  telefcope  is  placed, 
and  moving  on  the  axis  of  declination,  or  the  axis  of 
motion  of  the  line  of  collimation  F.  Which  circles  are 
jueafured  and  divided  as  in  the  following  Table  : 


iMeafures  of  the  feve- 
Iral  circles  and  divi- 
ifiens  onthem: 


'Azimuth  or  ho-  d 
1 rizontal  cir- 

I "■  ..  ^ 

lEqiiatorlal  or  1 
i liour  circle  C 


1 Vertical  fern  ft  3 
circle  for  de-  [ 
clination  or 
latitude 


Radi- 
us In- 
ches 

Limb  di- 
vided to 

Non.  of 
3 ogives 
feconds 

Divid.  on 
limb  into 
pts.ofinc. 

' 

Divid.  by 
Non.  into 
pts.ofinc. 

5*1 

15' 

30 

45  th 

135.0th 

5-1 

15'’ 

or  I m. 

in  time 

30 

45  til 

1350th 

5* 

15' 

30 

42d 

1260th 

4th,  The  telefcope,  which  is  an  achromatic  refra<ftor 
with  a triple  objedt-glafs,  whofe  focal  dillance  is  17 
inches,  and  its  aperture  2*45  inc.,  audit  is  fiirniflred 
wfth  6 different  eye  tubes  ; fo  that  its  magnifying 
powers  extend  from  44  to  168.  The  telefcope  in  this 
Equatorial  may  be  brought  parailerto  the  polar  axis,  as 
in  the  figure,  fo  as  to  point  to  the  pole-ftar  iii  any  part 
of  its  diurnal  revolution  ; and  thus  it  has  been  obferved 
near  noon,  whenthefun  has  Ihone  very  bright.  5th,  The 
apparatus  for  correfling  the  error  in  altitude  occafioned 
by  refraftioi^'  which  is  applied  to  the  eye-end  of  the. 
telefcope,  and  confifts  of  a Hide  G moving  in  a groove 
or  dove-tail,  and  carrying  the  feveral  eye-tubes  of  the 
telefcope,  on  which  Aide  there  is  an  index  correfponding 


to  five  fmall  divifions  engraved  on  the  dove-tail ; a very 
fmall  circle,  called  the  refraffion  circle  H,  moveable  by. 
a finger-ferew  at  the  extremnty  of  the  eye-end  of  the 
telefcope ; which  circle  is  divided  into  half  minutes, 
one  whole  revolution  of  it  being  equal  to  3^  i8''h  ^ind 
by  its  motion  it  raifes  the  centre  of  the  crofs-hairs  on 
a circle  of  altitude  ; and  alfo  a quadi-ant  I of  i f inc. 
radius,  with  divifions  on  each  fide,  one  expreffing  the 
degree  of  altitude  of  the  objefl  viewed,  and  the  other 
expreffing  the  minutes  and  feconds  of  error  occafioned 
by  refraflion,  correfponding  to  that  degree  of  altitude. 
To  this  quadrant  is  joined  a fmall  round  level  K,  which 
i-s  adjutted  partly  by  the  pinion  that  turns  the  whole  of 
this  apparatus,  and  partly  by  the  index,  of  the  qua- 
drant ; for  which  purpofe  the  refraction  circle  is  fet  to 
the  fame  minute  &c,  which  the  index  points  to  on  the, 
limb  of  the  quadrant;  and  if  the  minute  &c,  given  by. 
the  quadrant,  exceed  the  3'  18'''  contained  in  one  en- 
tire revolution  of  the  refraction  circle,  this-  muft  be  fet- 
to  the  excefs  above  one  or  more  of  its  entire  revolu- 
tions ; then  the  centre  of  the  crofs-hairs  will  appear 
to  be  raifed  on  a circle  of  altitude  to  the  additional 
height  w'hich  the  error  of  refraCtion  will  occafion  at- 
that  altitude. 

The  principal  adjuftment  in  this  inftrument,  is  that 
of  making  the  line  of  collimation  to  deferibe  a portion, 
of  an  hour  circle  in  the  heavens  ; in  order  to  which,  the 
azimuth  circle  muft  be  truly  level ; the  line  of  collima- 
tion, or  fome  correfponding  line  reprefented  by  the. 
fmall  brafs  rod  M parallel  .to  it,  muft  be  perpendicular 
to  the  axis  of  its  own  proper  motion  ; and  this  laft  axis 
muft  be  perpendicular  to  the  polar  axis.  On  the.  brafs 
rod  M there  is  occafionally  placed  a hanging  level  N,^ 
the  life  of  which  will  appear  in  the  following  adjuft- 
ments ; . 

The  azimuth  circle  may  be  made  level  by  turning; 
the  inftrument  till  one  of  the  levels  be  parallel  to  an 
imaginary  line  joining  two  of  the  feet  ferews  ; then 
adjuft  that  level  with  thefe  two  feet  ferews  ; turn  the 
circle  1 80°,  or  half  round  ; and  if  the  bubble  be  not 
then  right,  cortedl  half  the  error  by  the  ferew  belong- 
ing to  the  level,  and  the  other  half  error  by^  the  tw(y 
foot  ferew's,  repeating  this  operation  till  the  bubble  come 
right  ; then  turn  the  circle  90°  from  the  two  former 
poiitions,  and  fet  the  bubble  right,  if  it  be  wrong,  by 
the  foot  ferevv  at  the  end  of  the  level ; wdien  this  is 
done,  adjuft  the  other  level  by  its  own  ferew,  and  the 
azimuth  circle  will  be  truly  level.  The  hanging  level 
muft  then  be  fixed  to  the  brafs  rod  by  two  hooks  of 
equal  length,  and  made  truly  parallel  to  it : for  this  • 
purpofe,  make  the  polar  axis  p.erpendicular  or  nearly 
perpendicular  to  the  horizon  then  adjuft  the  level  by 
the  pinion  of  the  declination  femicircle  : reverfe  the 
level,  and  if  it  be  wnong,  corredl  half  the  error  by  a. 
fmall  fteel  ferew  that  lies  under  one  end  of  the  level, 
and  the  other  half  error  by  the  pinion  of  the  declination- 
fcmicircle,  repeating  the  operation  till  the  bubble  be. 
right  in  both  pofitions.  To  make  the  brafs  rod,  on. 
which  the  level  is  fufpended,  at  right  angles  to  the  axis 
of  motion  of  the  telefcope,  or  line  of  collimation,' 
make  the  polar  axis  horizontal,  or  nearly  fo  ; fet  the 
declination  femicircle  to  0°,  and  turn  the  hour-circle 
till  the  bubble  come  right ; then  turn  the  declination- 
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rircie  1090^;  adjuil:  the  bubble  by  raifing  or  depref- 
fing  the  polar  axis  (firft  by  hand  till  it  be  nearly  right, 
afterwards  tighten  with  an  ivory  key  the  focket  which 
runs  on  the  arch  with  the  polar  axis,  and  then  apply 
the  fame  ivory  key  to  the  adj idling  fcrew  at  the  end  of 
the  faid  arch  till  the  bubble  come  quite  right)  ; then 
turn  the  declination-circle  to  the  opponte  90°  ; if  the 
level  be  not  then  right,  correct  lialf  the  error  by  the 
aforefaid  adj idling  fcrew  at  the  end  of  the  arch,  and 
the  other  half  error  by  the  two  fcrews  that  raife  or  de- 
prefs  the  end  of  the  brafs  rod.  The  polar  axis  remain- 
ing nearly  horizontal  as  before,  and  the  declination- 
femicircle  at  c°,  adjidl  the  bubble  by  the  hour-circle  ; 
then  turn  the  declination-femicircle  to  oq“,  and  adjidl 
the  bubble  by  railing  or  depreffing  the  polar  axis  ; 
then  turn  the  hour-circle  1 2 liours  ; and  if  the  bubble 
be  wrong,  correct  half  the  error  by  the  polar  axis,  and 
the  other  half  error  by  the  two  pair  of  caphaii  fcrews 
nt  the  feet  of  the  two  fupports  on  one  fide  of  the  axis 
of  motion  of  the  telefcope  ; and  thus  this  axis  will  be 
at  right  angles  to  the  polar  axis.  The  next  adjiih- 
ment,  is  to  make  the  centre  of  the  crofs  hairs  remain 
on  the  fame  objedl,  while  the  eye-tube  is  turned  quite 
round  by  the  pinion  of  the  refradlion  apparatus  : for 
this  adjuftment,  fet  the  index  on  the  hide  to  the  firll 
divihon  on  the  dove-tail ; and  fet  the  divifion  marked 
18^''  on  the  refraCtion-clrcle  to  its  index  ; then  look 
through  the  telefcope,  and  with  the  pinion  turn  the 
eye-tube  quite  round  ; then  if  the  centre  of  the  hairs 
does  not  remain  on  the  fame  fpot  during  that  revolu- 
tion, it  mull  be  corredled  by  the  four  fmall  fcrews,  2 
and  2 at  a time,  which  will  be  found  upon  unferewing 
the  nearell  end  of  the  eye-tube  that  contains  the  hrll 
eye-glafs  ; repeating  this  correction  till  tlie  centre  of 
the  hairs  remain  on  the  fpot  looked  at  during  a whole 
revolution.  To  make  the  line  of  collimation  parallel  to 
the  brafs  rod  on  which  the  level  hangs,  fet  the  polar 
axis  horizontal,  and  the  declination-circle  to  00°,  adjuft 
the  level  by  the  polar  axis  ; look  through  tlie  telefcope 
on  fome  diftant  horizontal  objeCl,  covered  by  the  cen- 
tre of  the  crofs  hairs  : then  invert  tlie  telefcope,  which 
is  done  by  turning  the  hour-circle  half  round  ; and  if 
the ‘centre  of  the  crofs  hairs  does  not  cover  the  fame 
object  as  before,  correCl  half  tlie  error  by  the  upper- 
moll  and  iowermoll  of  the  4 fmall  fcrews  at  the  eye- 
oiid  of  the  large  tube  of  the  telefcope  ; this  correClion 
will  give  a fecond  objecl  now  covered  by  the  centre  of 
the  hairs,  which  mud  be  adopted  inllead  of  the  firll 
object  ; then  invert  the  telefcope  as  before  ; and  if  the 
fecond  objeCl  be  not  covered  by  the  centre  of  the  hairs, 
correCl  half  the  error  by  the  fame  two  fcrews  as  were 
ufed  before  : this  correction  will  give  a third  objeCt, 
now  covered  by  the  centre  of  the  hairs,  wliich  mult  be 
adopted  inllead  of  the  fecond  objeCt ; repeat  this  ope- 
ration till  no  error  remain  ; then  fet  the  hour-circle  ex- 
aCtly  to  12  hours,  the  declination-circle  remaining  a 
90®  as  before ; and  if  the  centre  of  the  crofs  hairs  do 
not  cover  the  lall  objeft  fixed  on,  fet  it  to  that  objeCt 
by  the  two  remaining  fmall  fcrews  at  the  eye-end  of 
the  large  tube,  and  then  the  line  of  collimation  will  be 
parallel  to  the  brafs  rod.  For  redlifylng  the  nonius  of 
the  declination  and  Equatorial  circles,  lower  the  tele- 
feepe  as  many  degrees  &c  below  0°  or  ^ on  the  decli- 


nation-femicircle as  are  equal  to  the  complement  of  the 
latitude  ; then  elevate  the  polar  axis  till  the  bubble  be 
horizontal  ; and  thus  the  Equatorial  circle  will  be  ele- 
vated to  the  co-latitude  of  the  place  ; fet  this  circle  to 
6 hours  ; adjuil  the  level  by  the  pinion  of  the  declina- 
tion-circle ; then  turn  the  Equatorial  circle  exaclly 
12  hours  from  the  bail  pofition  ; and  if  the  level  be  not 
right,  correct  one  half  of  the  error  by  the  Jtquatorial 
circle,  and  the  other  half  bv  the  declination- circle : 
then  turn  the  Equatorial  circle  back  again  exadlly  12 
hours  from  the  kill  pofition  ; and  if  the  level  be  Hill 
wrong,  repeat  the  corredlion  as  before,  till  it  be  right, 
when  turned  to  citlier  pofition  : that  being  done,  fet 
the  nonius  of  the  Equatorial  circle  exactly  to  6 hours, 
and  the  nonius  of  the  declination-circle  exactly  to  0°. 

The  chief  ufes  of  this  Equatorial  are, 

ill,  To  find  the  meridian  by  one  obfervatlon  only: 
for  this  purpofc,  elevate  the  Equatorial  circle  to  the 
co-latitude  of  the  place,  and  fet  the  declination-femi- 
circle to  the  funks  declination  for  the  day  and  hour  of 
the  day  required  ; then  move  the  azimuth  and  hour- 
circles  both  at  the  fame  time,  either  in  the  fame  or  con- 
trary direction,  till  you  bring  the  centre  of  the  crofs 
hairs  in  the  telefcope  exadlly  to  cover  the  centre  of  the 
fun  ; when  that  is  done,  the  index  of  the  hour-circle 
will  give  the  apparent  or  folar  time  at  the  inilant  of 
obfervation  ; and  thus  the  time  is  gained,  though  the 
fun  be  at  a dillance  from  the  meridian  ; then  turn  the 
hour-circle  till  the  index  points  prccifely  at  12  o’clock, 
and  lower  the  telefcope  to  the  horizon,  in  order  to  ob- 
ferve  fome  point  there  in  the  centre  of  the  glafs  ; and 
that  point  is  the  meridian  mark,  found  by  one  obfer- 
vation only.  The  bell  time  for  this  operation  is  3 
hours  before,  or  3 hours  after  12  at  noon. 

2d,  To  point  the  telefcope  on  a liar,  though  not  o» 
the  meridian,  in  full  day-light.  Having  elevated  the 
equatorial  circle  to  the  co-latitude  of  the  place,  and  fet 
the  declination-femicircle  to  the  liar’s  declination,  move 
the  index  of  the  hour-circle  till  it  fhall  point  to  the  pre- 
cife  time  at  which  the  flar  is  then  dillant  from  the  me- 
ridian, found  in  the  tables  of  the  right  afeenfion  of  the 
Hars,  and  tlie  liar  will  tlicn  appear  in  the  glafs. 

Befides  thele  ufes,  peculiar  to  this  inllrument,  it  may 
alfo  be  applied  to  all  the  purpofes  to‘which  the  princi- 
pal ailronomical  inllniments  are  applied ; fiich  as  a 
tranfit  inllrument,  a quadrant,  and  an  equal-altitude 
inllrument. 

See  the  defcriptlon  and  drawing  of  an  Equatorial  tc- 
lefcope,  or  portable  obfervatory,  invented  by  Mr. 
Short,  in  the  Pliilof.  Tranf.  number  493,  or  vol.  46, 
p.  242  ; and  another  by  Mr.  Nairne,  vol.  61,  p.  107. 

EQbJIANGUTAR  Figure^  is  one  that  lias  all  its 
angles  equal  among  themlelws  ; as  the  fqiiare,  and  all 
the  regular  figures. 

An  equilateral  figure  inferibed  in  a circle,  is  always 
Equiangular.  But  an  Equiangular  figure  inferibed  iw 
a circle,  is  not  always  equilateral,  except  when  it  has 
an  odd  number  of  fides  : If  the  Tides  be  of  an  even 
number,  then  they  may  either  be  all  equal,  or  elfehalf 
of  them  will  always  be  equal  to  each  other,  and  the 
other  half  to  each  other,  the  equals  being  placed  alter- 
nately. See  the  demonllration  in  my  Mathematical 
Mifcellany,  pa.  272. 
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Equiangular,  isalfofaidof  any  two  figures  of  the 
fame  kind,  when  each  angle  of  the  one  is  equal  to  a 
correlponding  angle  in  the  other,  whether  each  figure, 
feparately  confidered  in  itfelf,  be  an  equiangular  figure 
or  not,  that  is,  having  all  its  angles  equal  to  each  other. 
Thus,  two  triangles  are  Equiangular  to  each  other,  if, 
ex.  gr.  one  angle  in  each  be  of  30°,  a fecond  angle  in 
each  of  50°,  and  the  third  angle  of  each  equal  to  100 
degrees. 

Equiangular  triangles  have  not  their  like  fides  necef- 
farily  equal,  but  only  proportional  to  each  other  ; and 
fuch  triangles  are  always  iimilar  to  each  other. 

EfjjJiCRURAx  T'riangle,  is  one  that  has  two  of  its 
fides  equal  to  each  other  ; and  is  more  ufually  called  an 
Ifofceles  triangle. 

Eqiiiculus,  Equuleus,  or  Equus  Minor^  a con- 
fiellation  of  the  northern  hemifphere.  See  Equu- 
leus. 

_ EQUIDIFFERENT,  are  fuch  things  as  have-equal 
differences,  or  arithmetically  proportional.  If  the 
terms  have  all  the  fame  difference,  viz,  the  iff  and  2d, 
the  2d  and  3d,  the  3d  and  4th,  &c,  they  are  faid  to  be 
Continually  Equidifferent ; as  the  numbers  3,  6,  9,  12, 
&c,  where  the  common  difference  is  3.  But  if  the  fe- 
veral  different  couplets  only  have  the  fame  difference,  as 
the  iff  and  2d,  the  3d  and  4th,  the  5th  and  6th,  &;c, 
they  are  faid  to  be  Difcretely  Equidifferent ; as  the 
terms  3 and  6,  7 and  10,  9 and  12,  &c.  See  Arith- 
metical Progrejfion  and  Proportion, 

EQUILATERAL  Figure,  is  one  that  has  all  its 
fides  equal  to  each  other.  Such  as  the  fquare,  and  all 
the  regular  figures  or  polygons,  or  a triangle  that  has 
all  its  fides  equal.  See  Equiangular. 

Equilateral  Hyperbola,  is  that  which  has  the  two 
axes  equal  to  each  other,  and  every  pair  of  conjugate 
diameters  alfo  equal  to  each  other.  The  afymptotes 
alfo  are  at  right  angles  to  each  other,  and  make  each 
half  a right  angle  wdth  either  axis.  Alfo,  fuch  -an  hy- 
perbola is  equal  to  its  oppofite  hyperbola,  and  like- 
wife  to  its  conjugate  hyperbola;  fo  that  all  the  four 
tonjugate  hyperbolas  are  mutually  equal  to  each 
other. 

Moreover,  as  the  3d  proportional  to  the  two  axes  is 
the  parameter,  therefore  in  fuch  a figure,  the  parameter 
and  two  axes  are  all  three  equal  to  one  another.  Hence, 
as  the  general  equation  to  hyperbolas  is 


. tx  -}-  or  = 


7^ 


. tx  4-  A*,  where  t is  the 


tranfverfe  axis,  c the  conjugate,  p the  parameter,  a the 
abfcifs,  and  y the  ordinate  ; then  making  t,  c,  and  p 
all  equal,  the  equation,  for  the  Equilateral  Hyperbola, 
becomes = tx  -f-  ; differing  from  the  equation  of 

tLe  circle  only  in  the  fign  of  the  term  x'^,  which  in  the 
circle  is  — . 


EQUILIBRIUM,  is  an  equality  between  two  equal 
forces  adfing  in  oppofite  directions  ; fo  that  they  mu- 
tually balance  each  other;  like  the  two  equal  arms,  or 
fcales,  of  a balance,  &c. 

Equilibrium,  in  folid  bodies,  forms  a confiderable 
part  of  the  fcience  of  Statics.  And  Equilibrium  of 
fiuids,  a confiderable  parjt  of  the  dodfrine  of  Hydro- 
ffatlcs. 


EQUIMULTIPLES,  the  produds  of  quantitlear- 
equally  multiplied. 

Thus,  3^2  and  '^b  are  Equimultiples  of  a and  b ; 
and  nia  and  mb  are  Equimultiples  of  a and  b. 

Equimultiples  of  any  quantities,  have  the  fame  ratio 
as  the  quantities  themielves. 

Thus  a : b : '^b  i ma  : mb. 

equinoctial,  a great  circle  in  the  heavens^ 
under  which  the  equator  moves  in  its  diurnal  motion,. 
The  poles  of  this  circle  are  the  poles  of  the  world.  It 
divides  the  fphere  into  two  equal  paiTs,  the  northern, 
and  fouthern.  It  cuts  the  horizon,  of  any  place,  in 
the  eaft  and  weff  points  ; and  at  the  meridian  its  eleva- 
tion above  the  horizon  is  equal  to  the  co-latitude  of  the 
place.  The  EquinoCtial  has  alfo  various  other  proper- 
ties ; as, 

1 . Whenever  the  fun  comes  to  this  circle,  he  makes 
equal  days  and  nights  all  round  the  globe  ; becaufe  he 
then  rifes  due  eaft,  and  fets  due  weft.  Hence  it  has 
the  name  EquinoCIial.  All  ftars  wFich  are  under  this  cir- 
cle, or  have  no  declination,  do  alfo  rife  due  eaft,  anL 
fet  due  weft. 

2.  All  people  living  under  this  circle,  or  upon  the 
equator,  or  line,  have  their  days  and  nights  at  all  time& 
equal  to  each  other. 

3.  From  this  circle,  on  the  globe,  is  counted,  uport. 
the  meridian,  the  declination  in  the  heavens,  and  the. 
latitude  on  the  earth. 

4.  Upon  the  Equinoflial,  or  equator,  is  counted  the 
longitude,  making  in  all  360°  quite  round,  or  elfe 
180°  eaft,  and  180°  weft. 

5.  And  as  the  time  of  one  whole  revolution  is  di- 
vided into  24  hours  ; therefore  i hour  anfvvers  to  15% 
or  the  24th  part  of  360°.  Hence, 

I®  of  longitude  anfwers  to  4 min.  of  time, 

15'-  - - - - - - to  I min.  of  time,. 
i'---.---t04  fee.  of  time,  &c;. 

6.  The  ftiadow^s  of  thofe  people  who  live  under  this 
circle  are  eaft  to  the  fouthward  of  them  for  one  half  of 
the  year,  and  to  the  northward  of  them  during  the 
other  half ; and  twice  in  a year,  viz,  at  the  time  of  the 
equinoxes,  the  fun  at  noon  calls  no  lhadow,  being  ex- 
actly in  their  zenith. 

Equinoctial  Colure,  is  the  great  circle  palling 
through  the  poles  of  the  world  and  the  Equinoilial 
points,  or  firft  points  of  Aries  and  Libra. 

Equinoctial  Dial,  is  one  whofe  plane  is  parallel 
to  the  Equinodlial.  The  properties  or  principles  of  this 
dial  are, 

1 . The  hour  lines  are  all  equally  diftant  from  one  ano- 
ther, quite  round  the  circumference  of  a circle  ; and 
the  ftyle  is  a ftraight  pin,  or  wire,  let  up  in  the  cen- 
tre, of  the  circle,  perpendicular  to  the  plane  of  the 
dial. 

2.  The  fun  fiiines  upon  the  upper  part  of  this  dial- 
plane  from  the  21ft  of  March  to  the  zzdof  Septem- 
ber, and  upon  the  under  part  of  the  plane  the  other 
half  of  the  year. 

Some  of  thefe  dials  are  made  of  brafs,  &c  ; and 
fet  up  in  a frame,  to  be  elevated  to  any  given  lati- 
tude. 

Equinoctial  Points,  are  the  two  oppofite  points 
whe^re  the  Ecliptic  and  Equino  iftial  crofs  each  other  ; 

the 
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cne' point  Being  in  tlie  beginning  of  Aries,  and 
called  the  Vernal  point,  or  Vernal  Equinox  ; and  the 
other  in.  the  beginning  of  Libra,  and  called  the  Autum- 
nal point,  or  Autumnal  Equinox. 

It  is  found  by  obfervation,  that  the  Equinodlial 
points,  and  all  the  other  points  of  the  ecliptic,  are  con- 
tinually moving,  backwards,  or  in  antecedentia,  i.  e. 
wellwards..  This  retrograde  motion  of  the  Eqiiinodlial 
points,  is  that  phenomenon  called  the  Preceffion  of  the 
EquinoxeS)  and.  is  made  at  the  rate  of  5.0''  every  year 
nearly. 

EQUINOXES,  the  times  when  the  fun  enters 
the  Equinodlial  points,  or  about  the  21ft  of  March 
and  2 2d  o'f  September  : the  former  being  the  Vernal  or 
Spring  Equinox,  and  the  latter  time  the  Autumnal 
Equinox. 

As  the  fun’s  motion  is  unequal,  being  fometirnes 
quicker  and  fometirnes  flower,  it  hence  happens  that 
there  are  about  8 days  more  from  the  vernal  to  the  au- 
tumnal Equinox,  or  while  the  inn  is  on  the  northern  fide 
of  the  equator,  than  while  he  is  in  moving  through  the 
fouthern  figns  from  the  autumnal  to  the  vernal  Equi- 
nox, or  on  the  fouthern  fide  of  the  equator.  According 
to  the  obfervations  of  M.  Caffini,  the 
fun  is  186*^  14*'  53“  in  the  northern  figns, 
and  only  178'  14  56  in  the  fouthern  figns, 
fo  that  7 23  57  is  the  difference  of  tliem,  or 

nearly  8 days. 

ECHINUS  BarhatuSi  a kind  of  comet.  SeeHiP- 

PEUS. 


EC^UULEUS,  Eqlmculus,  and  Equus  Minor, 
Equi  yec?/k,  tiie  Ilorfe^s  Head,  one  of  the  48  old  confiella- 
tions,  in  the  northern  hemilphere.  Its  liars,  in  Ptole- 
my’s catalogue,  are  4,  in  Tycho’s  4,  in  Hevelius’s  6,  and 
in  Flamilecd’s  10. 

ERECT  Vlfion.  See  Vision. 

Erect  Dials,  fuch  as  (land  perpendicular  to  the 
horizon,  and  are  of  various  kinds ; as  Ereft  Direfl, 
when  they  face  exaftly  one  of  the  four  cardinal  points, 
call,  well,  north,  foiith  ; and  Ere6l  Declining,  when 
declined  from  the  cardinal  points.  See  Dial. 

To  Erect  a Perpendicular,  is  a popular  problem  in 
practical  geometry,  and  denotes  to  raife  a perpendicular 
from  a given  line  &;c,  as  diftinguiflied  from  Demitting  or 
letting  a perpendicular  fall  upon  a line  (See,  from  fame 
point  outofit.  See  Perpendicular. 

ERIDANUS,the  River,  n conllellation  of  thefeuth- 
ern  hemifphere,  and  one  of  the  48  old  aflerifms.  The 
liars  in  this  conllellation,  in  Ptolomy’s  catalogue,  are 
34,  in  Tycho’s  19,  and  in  the  Britilh  catalogue  84. 

erratic,  an  epithet  applied  to  the  planets, 
which  are  called  Erratic  or  wandering  liars,  in  contra- 
dillin61ion  to  the  fixed  liars. 

ESCALADE,  or  Scalade,  a furious  attack  of  a 
wall  or  a rampart  ; carried  on  wn’th  ladders,  to  pafs  the 
ditch,  or  mount  the  rampart  ; without  proceeding  in 
form,  breaking  ground,  or  carrying  on  regular  works 
to  fecure  the  men. 

ESPAULE,  orEpAULE.  SccEpaule. 

ESPLANADE,  in  lArtification,  called  alfo  Gla- 
cis, a part  w'hich  ferves  as  a parapet  to  the  counter- 
fcarp,  or  covert  way  ; being  a declivity'  or  Hope  of  earth, 
commencing  from  the  top  of  the  counterfearp,  and 
lofing  itfelf  infenfibly  in  the  level  of  the  champaign. 


E-iplanade  alfo  means  the  ground  which  has  been  le- 
velled from  the  glacis  of  the  counterfearp,  to  the  firil 
houfes  ; or  the  vacant  fpace  betw'een  the  works  and  the 
houles  of  the  town. 

The  term  is  alfo  applied,  in  the  general,  to  any 
piece  of  ground  that  is  made  flat  or  level,  and  which 
before  had  fome  eminence  that  incommoded  the  place. 

ESTIVAL  Orient,  oy  Soljilce.  See  Occi- 

dent, Orient,  Solstice. 

evaporation,  tlie  a61  of  diflipating  the  hu- 
midity of  a body  in  fumes  or  vapour  ; differing  from 
exhalation,  evhich  is  properly  a diiperfloii  of  dry  par- 
ticles ilTuing  from  a body. 

Evaporation  is  ufually  produced  by  heat,  and  by  the 
change  of  air  ; thus,  common  fait  is  formed  by  evapo- 
rating all  the  humidity  in  the  brine  or  fait  water  ; which 
evaporation  is  either  performed  by  the  heat  of  the  fun, 
as  in  the  falt-works  on  the  fea-coafl,  See  ; or  by  means 
of  fire,  as  at  the  falt-fpn'ngs,  &c  : and  it  is  w'ell  known 
how  ufefiil  a briflc  wind  is  in  drying  wet  clothes,  or  the 
furface  of  the  ground  ; wdiile  in  a calm,  flill  atmo- 
fphere,  they  di'y  extreme  (lowly. 

But,  though  Evaporation  be  generally  confidered  as 
an  effeiff  of  the  heat  and  motion  of  the  air,  yet  M, 
Gauteron,  in  the  Memoires  de  I’Acad.  des  Scienc.  an. 
1705,  (hews,  that  a quite  oppofite  caufe  may  have  the 
fame  effecl,  and  that  fluids  lofe  more  of  their  parts  in 
the  fevereft  frofl  than  when  the  air  is  moderately  warm : 
thus,  in  the  great  froll  of  the  year  1708,  he  found 
that  the  greater  the  cold,  the  more  confiderable  the 
evaporation  r and  that  ice  itfelf  lofi  full  as  much  as  the 
W'armer  liquors  that  did  not  freeze. 

There  are  indeed  few  fubjedts  of  pliilofophical  in- 
vefligation  that  have  occafioneda  greater  variety  of  opi- 
nion than  the  theory  of  Evaporation,  or  of  the  afeent 
of  water  in  fuch  a fluid  as  air,  between  8 and  9 hun- 
dred times  lighter  than  itfelf,  to  different  heights  ac- 
cording to  the  different  denflties  of  the  air ; In  which 
cafe  It  muft  be  fpecifically  lighter  than  the  air  throug-li 
which  it  afeends.  The  CarteTians  account  for  it  by 
fuppofing,  that  by  the  a(S;ion  of  the  fun  upon  the  water, 
fmall  particles  of  the  water  are  formed  into  hollow 
fplieres  and  filled  with  the  materia  fnhilUs,  which  ren-. 
ders  them  fpecifically  lighter  than  the  ambient  air,  fo 
that  they  are  buoyed  up  by  it. 

Dr.  Nieuwentyt,  in  his  Religious  Philofoplicr,  cont. 
19,  and  feveral  others,  have  alleged,  that  the  fun  emits 
particles  of  fire  which  adhere  to  thofe  of  water,  and 
form  moleculre,  or  fmall  bodies,  lighter  than  an  equal 
bulk  of  air,  which  confequently  afeend  till  they  come 
to  a height  where  the  air  is  of  the  fame  fpecific  gravity 
with  themfelves  ; and  that  thefe  particles  being  feparated 
from  the  fire  with  which  they  are  incorporated,  coalefce 
and  defeend  in  dew  or  rain. 

Dr.  Halley  has  advanced  another  liypothefis,  which 
has  been  more  generally  received  ; he  imagined,  that 
by  the  action  of  the  fun  an  the  furface  of  the  water,  the 
aqueous  particles  are  formed  into  hollow  fpherules, 
that  are  filled  with  a finer  air  highly  rarefied,  fo  as  to 
become  fpecifically  lighter  than  the  external  air.  Philof,- 
Tranf.  number  192,  or  Abr.  vol.  2,  p.  126. 

Dr.  Defaguliers,  diflatisfied  with  thefe  two  hypo- 
thefes,  propofes  another  in  the  Philof.  Tranf.  number 
407,  or  Abr.  vol.  7,  pa.  61.  See  alfo  his  Courfe  of 
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l^?cperimental  Pliilofopliy,  vol.  2,  p.  336.  Ple  fup- 
poies  that  heat  a6ls  more  powerfully  on  water  than  on 
common  air  ; that  the  fame  degree  of  heat  which  rare- 
lies  air  two-thirds,  will  rarefy  water  near  14,000  times; 
and  that  a very  fmall  degree  of  heat  will  raife  a fleam 
or  vapour  from  water,  even  in  winter,  whilfl  it  con- 
denfes  the  air  ; and  thus  the  particles  of  water  are  con- 
verted into  vapour  by  being  made  to  repel  each  other 
flrongly,  and,  deriving  electricity  from  the  particles  of 
air  to  which  they  are  contiguous,  are  repelled  by  them 
and  by  each  other,  fo  as  to  form  a fluid  which,  being 
lighter  than  the  air,  riles  in  it,  according  to  their  rela- 
tive gravities.  The  particles  of  this  vapour  retain  their 
repellent  force  for  a confiderable  time,  till,  by  fome 
diminution  of  the  denfity  of  the  air  in  which  they  float, 
they  are  precipitated  downwards,  and  brought  within 
the  fpliere  of  each  other’s  attraction  of  cohefion,  and 
fo  j'oin  again  into  drops  of  water. 

Many  objections  have  been  urged  againft  this  opi- 
nion, by  Mr.  Clare  in  his  Treatife  of  the  Motion  of 
Fluids,  pa.  294,  and  by  Mr.  K.owming  in  his  Syftem 
«-of  Philo fophy,  part  2,  diiT.  6 ; to  which  Dr.  Hamilton 
has  added  the  two  following,  viz,  that  if  heat  were  the 
only  caufe  of  evaporation,  water  would  evaporate  fafler 
in  a warm  clofe  room.,  than  when  expofed  in  a colder 
place,  wdiere  there  is  a conftant  current  of  air ; which 
is  contrary  to  experience  ; and  that  the  evaporation  of 
water  is  fo  far  from  depending  on  its  being  rarefied  by 
heat,  that  it  is  carried  on  even  wmilft  w^ater  is  con- 
denfed  by  the  coldnefs  of  the  air,  till  it  freezes  ; and 
fince  it  evaporates  even  wTen  frozen  into  hard  ice,  it 
mufl  alfo  evaporate  in  all  the  lefier  degrees  of  cold. 
And  therefore  heat  does  not  feem  to  be  the  principal, 
much  lefs  the  only  caufe  of  Evaporation. 

Others  have  more  fuccefsfully  accounted  fpr  the 
phenomena  of  Evaporation  on  another  principle,  viz 
that  of  folution ; and  Ihewn,  from  a variety  of  experi- 
ments, that  wdiat  we  call  Evaporation,  is  nothing  more 
than  a gradual  folution  of  water  in  air,  produced  and 
fupportedby  the  fame  means,  viz,  attraction,  heat,  and 
motion,  by  which  other  folutions  are  elfeCted. 

It  feems  the  Abbe  Nollet  firft  flarted  this  opinion, 
though  without  much  purfuing  it,  in  his  Lemons  de 
Phyfique  Experimentale,  firft  publlflied  in  1743  ; he 
offers  it  as  a conjeCture,  that  the  air  of  the  atmofphere 
ferves  as  a folvent  or  fponge,  with  regard  to  the  bodies 
that  encornpafs  it,  and  receives  into  its  pores  the  vapours 
and  exhalations  that  are  detached  from  the  maffes  to 
which  they  belong  in  a fluid  ftate ; and  he  accounts  for 
their  afeent  on  the  fame  principles  with  the  afeent  of 
liquors  in  capillary  tubes.  On  his  hypothefis,  the 
condenfation  of  the  air  contributes,  like  the  fqueezing 
of  a fponge,  to  their  defeent. 

Dr.  Franklin,  in  a paper  of  Phllofophical  and  Me- 
teorological Obfervatioiis,  Conjectures  and  Suppofi- 
lions,  delivered  to  the  Royal  Society  about  the  year 
1747,  and  read  in  1756,  fuggefted  a fimllar  hypothefist 
he  obferves,  that  air  and  water  mutually  attraCt  each 
other  ; and  hence  he  concludes,  that  water  wn*ll  diffolve 
In  air,  as  fait  in  w^ater  ; every  particle  of  air  affuming 
one  or  more  particles  of  water  ; and  when  too  much  is 
.added,  it  precipitates  in  rain.  But  as  there  is  not  the 
fame  contiguity  between  the  particles  of  air  as  of  wa- 
ter, the  folution  of  water  in  air  is  not  carried  on  without 


a motion  of  the  air,  fo  as  to  caufe  a frefli  accefiion  of 
dry  particles.  A fmall  degree  of  heat  fo  weakens  the 
cohefion  of  the  particles  of  water,  that  thofe  on  the 
furface  eaflly  quit  it,  and  adhere  to  the  particles  of  air  ; 
a greater  degree  of  heat  is  neceflary  to  break  the  cohe- 
fion between  w^ater  and  air  ; for  its  particles  being  by 
heat  repelled  to  a greater  diftance  from  each  other, 
thereby  more  eaflly  keep  tlie  particles  of  water  that 
are  annexed  to  them  from  running  into  cohefions  that 
would  obftruCf,  refraCh,  or  refleCt  the  heat : and  hence 
it  liappens  that  when  we  breathe  in  warm  air,  though 
the  fame  quantity  of  moifture  miay  be  taken  up  from 
the  lungs  as  when  we  breathe  in  cold  air,  y-^et  that 
moifture  is  not  fo  vifible.  On  thefe  principles  he  ac- 
counts for  the  produTion  and  different  appearances  of 
fogs,  mifts,  and  clouds.  He  adds,  that  if  the  parti- 
cles of  water  bring  electrical  ftre  when  they  attach 
themfelves  to  air,  the  repulfion  between  the  particles  of 
water  eleCtrified,  joins  with  the  natural  repulfion  of  the 
air  to  force  its  particles  to  a greater  diftance,  fo  that 
the  air  being  more  dilated,  rifes  and  carries  up  with  it 
the  water  ; which  mutual  repulfion  of  the  particles  of 
air  is  increafed  by  a mixture  of  common  fire  in  the  par- 
ticles of  water.  When  air,  loaded  with  furrounding 
particles  of  water,  is  compreffed  by’-  adverfe  winds,  or 
by  being  driven  againft  mountains.  See,  or  condenfed 
by  taking  away  the  lire  that  affifted  it  in  expanding, 
the  particles  will  approach  one  another,  and  the  air 
with  its  water  vrill  defeend  as  a dew ; or  if  the  water 
furrounding  one  particle  of  air  come  in  contaCt  with 
the  water  furrounding  another,  they  coalefce  and  form 
a drop,  producing  rain  ; and  fmee  it  is  a well-known 
fad,  that  vapour  is  a good  condud:or  of  eledricity,  as 
well  as  of  common  fire,  it  is  reafonable  to  conclude  with 
Mr.  Henley,  that  Evaporation  is  one  great  caufe  of 
the  clouds  becoming  at  times  furcharged  with  this 
fluid.  Philof.  Tranf.  vol.  67,  pa.  134.  See  alfo  vol. 
55,  p.  182,  or  Franklin’s  Letters  and  Papers  on  Philo- 
fophical  Subjeds,  p.  42  &c,  and  pa.  182,  ed.  1769. 

M.  le  Roi,  of  the  Acad,  of  Sciences  at  Paris,  has 
alfo  advanced  the  fame  opinion,  and  fupported  it  by  a 
variety  of  fads  and  obfervations  in  the  Memoirs  for 
the  year  1751.  He  fhews,  that  water  does  undergo 
in  the  air  a real  diffolution,  forming  with  it  atranfpa- 
rent  mixture,  and  poiTefling  the  fame  properties  with 
the  folutions  of  moft  falts  in  water  ; and  that  the  two 
principal  caufes  which  promote  the  folution  of  water  in 
the  air,  are  heat  and  wind ; that  the  hotter  the  air  is, 
within  a certain  limit,  the  more  water  it  will  diflblve ; 
and  that  at  a certain  degree  of  heat  the  air  will  be  fa- 
turated  with  water ; and  by  determining  at  different 
times  the  degree  of  the  air’s  faturation,  he  eftimates  the 
influence  of  thofe  caufes  on  which  the  quantity  depends 
that  is  fufpended  in  the  air  in  a (late  of  folution.  Ac- 
cordingly, the  air,  heated  by  evaporating  fubftances  to 
which  it  is  contiguous,  becomes  more  rare  and  light, 
rifes  and  gives  way  to  a denfer  air  ; and,  by  being  thus 
removed,  contributes  to  accelerate  the  Evaporation. 
The  fixed  air  contained  in  the  internal  parts  of  evapo- 
rating bodks,  put  into  a<5fIon  by  heat,  feems  alfo  to  in- 
creale  their  Evaporation.  The  wind  is  another  caufe 
of  the  increafe  of  Evaporation,  chiefly  by  changing 
and  renewing  the  air  which  immediately  encompaffes 
the  evaporating  fubftances  j and  from  the  eonfideration 
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of  thefe  two  caufes  combined,  it  appears  why  the  quan- 
tity of  vapour  raifed  in  the  night  is  lefs  than  that  of  the 
day,  fince  the  air  is  then  both  lefs  heated  and  lefs  agi- 
tated. To  the  objection  urged  againft  this  hypothefis, 
on  account  of  the  Evaporation  of  water  in  a vacuum, 
this  ingenious  writer  replies,  that  the  water  itfelf  con- 
tains a great  quantity  of  air,  which  gradually  difengages 
itfelf,  aiid  caufes  the  Evaporation  ; and  that  it  is  im- 
poflible  that  a fpace  containing  water  which  evapo- 
rates Ihould  remain  perfectly  free  from  air.  To  this 
objedfion  a late  writer,  Dr.  Dobfon  of  Liverpool,  re- 
plies, that  though  air  appears,  by  unqueftionable  expe- 
riments, to  be  a chemical  lolvent  of  v.'atcr,  and  as  fuch, 
is  to  be  confidered  as  one  caufe  of  its  Evaporation,  heat 
is  another  caule,  adting  without  the  intervention  of  air, 
and  producing  a copious  Evaporation  in  an  exhauffed 
receiver  j agreeably  to  an  experiment  of  Dr.  Irving, 
who  fays,  that  in  an  exhaulled  receiver  water  rifes  in 
vapour  more  copioufly  at  180°  of  Fahrenheit’s  ther- 
mometer, than  in  the  open  air  at  212°,  its  boiling  point. 
Dr.  Dobfon  farther  adds,  that  water  may  exili  in  air 
in  three  different  ftates  ; in  a Hate  of  perfedl  folution, 
when  the  air  will  be  clear,  dry,  and  heavy,  and  its 
powers  of  folution  Hill  adfive  ; in  a Hate  of  beginning 
precipitation,  when  it  becomes  molH  and  foggy,  its 
powers  of  folution  are  dlminifhed,  and  it  becomes 
lighter  in  proportion  as  its  water  is  depofited  ; and  alfo, 
when  it  is  completely  precipitated,  which  may  happen 
either  by  a Howler  procefs,  when  the  diffolved  water 
falls  in  a drizzling  rain,  or  by  a more  fudden  procefs, 
W'hen  it  defeends  in  briik  fhowers.  Philof.  Tranf.  vol. 
67,  p.  257,  and  Phipps’s  Voyage  tow^ards  the  North 
Pole,  p.  2 1 1. 

Dr.  Hamilton,  profefTor  of  philofophy  in  the  unl- 
verfity  of  Dublin,  tranfmitted  to  the  Royal  Society  in 
1765,  a long  Differtatlon  on  the  nature  of  Evapora- 
tion, in  wdiich  he  propofes  and  eHabliflies  this  theory 
of  folution  ; and  though  other  writers  had  been  prior 
in  their  conjectures,  and  even  in  their  reafonlng  on 
this  fubJeCt,  Dr.  Hamilton  afl'ures  us,  that  he  has  not 
reprefented  any  thing  as  new  which  he  was  confeious 
had  ever  been  propofed  by  any  one  before  him,  even 
as  a conjecture.  Dr.  Hamilton  having  evinced  the 
agreement  between  Solution  and  Evaporation,  concludes, 
that  Evaporation  is  nothing  more  than  a gradual  folution 
of  water  in  air,  produced  and  promoted  by  attraCtion, 
heat,  and  motion,  juH  as  other  folutions  arc  effecHed. 

To  account  for  the  afeent  of  aqueous  vapours  into 
the  atmofphere,  this  ingenious  writer  obferves,  that  the 
loweH  part  of  the  air  being  preffed  by  the  weight  of 
the  upper  againH  the  furface  of  the  water,  and  con- 
tinually rubbing  upon  it  by  its  motion,  attraCts  and  dif- 
folves  thofe  panicles  with  wdiich  it  is  in  contaCt,  and 
feparates  them  from  the  reH  of  the  wmter.  And  fince 
the  caufe  of  folution  in  this  cafe  is  the  Hronger  at- 
traction of  the  particles  of  water  towards  the  air,  than 
towards  each  other,  thofe  that  are  already  diffolved  and 
taken  up,  v/ill  be  Hill  farther  raifed  by  the  attraction 
of  the  dry  air  that  lies  over  them,  and  thus  wdil  dif- 
fufe  themfelves,  riling  gradually  higher  and  higher,  and 
fo  leave  the  low'^eH  air  not  fo  much  faturated  but  that 
it  will  Hill  be  able  to  diffolve  and  take  up  frelh  parti- 
cles of  water  ; which  procefs  is  greatly  promoted  by 


the  motion  of  the  wind.  When  the  vapours  are  thus 
raifed  and  carried  by  the  winds  into  the  higher  and 
colder  parts  of  the  atmofphere,  fome  of  them  will 
coalefce  into  fmall  particles,  wFich  llightly  attrafting 
each  other,  and  being  intermixed  with  air,  will  form 
clouds  ; and  thefe  clouds  will  float  at  different  heights, 
according  to  the  quantity  of  vapour  borne  up,  and  the 
degree  of  heat  in  the  upper  parts  of  the  atmofphere  ; 
and  thus  clouds  are  generally  higher  in  fiimmer  than  in 
winter.  When  the  clouds  are  much  increafed  by  a 
continual  addition  of  vapours,  and  their  particles  are 
driven  clofe  together  by  the  force  of  the  winds,  they 
will  run  into  drops  heavy  enough  to  fall  dowm  in  rain. 
If  the  clouds  be  frozen  before  their  particles  are  ga- 
thered into  drops,  fmall  pieces  of  them  being  condenled 
and  made  heavier  by  the  cold,  fall  down  in  thin  flakes 
of  fnow.  When  the  particles  are  formed  into  drops 
before  they  are  frozen,  they  become  haililbnes.  When 
the  air  is  replete  w’ith  vapours,  and  a cold  breeze 
fprings  up,  w'hich  checks  the  folution  of  them,  clouds 
are  formed  in  the  low^er  parts  of  the  atmofphere,  and 
compofe  a miff  or  fog,  w hich  ufually  happens  in  a cold 
morning,  and  is  difperfed  w-hen  the  fun  has  warmed 
the  air,  and  made  it  capable  of  diffolving  thefe  watry 
particles.  Southerly  wunds  commonly  bring  rain,  be- 
caufe,  being  w'ann  and  replete  wnth  aqueous  vapours, 
they  are  cooled  by  coming  into  a colder  climate  ; and 
therefore  they  part  with  fome  of  them,  and  fuffer  them 
to  precipitate  in  rain  : whereas  northerly  wunds,  being 
cold,  and  acquiring  additional  heat  by  coming  into  a 
warmer  climate,  are  ready  to  diffolve  and  receive  more 
vapour  than  they  before  contained  ; and  therefore,  by 
long  continuance,  they  are  dry  and  parching,  and  com- 
monly attended  with  fair  weather. 

Changes  of  the  air,  with  refpcdl:  to  its  denfity  and 
rarity,  as  well  as  its  heat  and  cold,  will  produce  con- 
trary effects  in  the  folution  of  water,  and  the  confequent 
afeent  or  fall  of  vapours.  Several  experiments  prove 
that  air,  when  rarefied,  cannot  keep  fo  much  water  dif- 
folved as  it  does  in  a more  condenfed  Hate  ; and  there- 
fore w'hen  the  atmolpherc  is  faturated  wdth  winter,  and 
changes  from  a denfer  to  a rarer  Hate,  the  high  and 
colder  parts  of  it  will  let  go  fome  of  the  water  before 
diffolved,  forming  new  clouds,  and  difpofing  thena  to 
fall  down  in  ram  : but  a chanofe  from  a rarer  to  a den- 
fer  Hate  will  Hop  the  precipitation  of  the  water,  and 
enable  the  air  to  diffolve,  either  in  whole  or  in  part, 
fome  of  thofe  clouds  that  were  formed  before,  and  render 
their  particles  lefs  apt  to  run  into  drops  and  fall  down 
in  rain  : on  this  account,  rve  generally  ffnd  that  the 
rarefied  and  condenfed  Hates  of  the  atmofphere  are  re- 
fpedfivcly  attended  with  rain  or  fair  weather.  See  more 
on  this  fubjecl  in  the  Philof.  Tranf.  vol.  55,  pa.  iq6, 
or  Hamilton’s  Philofophical  Effays,  p.  33. 

Dr.  Halley,  before  mentioned,  has  furiu’Hied  fome 
experiments  on  the  Evaporation  of  water  ; the  refult 
of  which  is  contained  in  the  following  articles:  1.  That 
water  falted  to  about  the  fame  degree  as  fea-w'ater,  and 
expofed  to  a heat  equal  to  that  of  a fummer’s  day,  did, 
from  a circular  furfacc  of  about  8 inches  diameter,  eva- 
porate at  the  rate  of  6 ounces  in  24  hours  : whence  by 
a calculus  he  finds  that,  in  fuch  circumHances,  thei  wa- 
ter evaporates  i-ioth  of  an  inch  deep  in  12  hours: 
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which  quantity^  he  obfei-ves,  will  be  found  abundantly 
fufficient  to  furnifh  all  the  rains,  fprings,  dews,  &c.  By 
this  experiment,  every  10  fquare  inches  of  furface  of 
the  water  yield  in  vapoury>^r  diem  a cubic  inch  of  water: 
and  each  fquare  foot  half  a wane  pint ; every  fpace  of 
4 feet  fquare,  a gallon  ; a mile  fquare,  6914  tuns  ; and 
a fquare  degree,  of  69  Englifh  miles,  will  evaporate  33 
millions  of  tuns  a day  ; and  the  wdiole  Mediterranean, 
computed  to  contain  160  fquare  degrees,  at  lealt  5280 
millions  of  tuns  each  day-  Philof.  Tranf.  number  189, 
or  Abridg.  vol.  2,  pa.  108. — 2.  A furface  of  8 fquare 
inches,  evaporated  purely  by  the  natural  warmth  of  the 
weather,  w ithout  either  wind  or  fun,  in  the  courfe  of  a 
whole  year,  16292  grains  of  water,  or  64  cubic  inches ; 
confequently,  the  depth  of  water  thus  evaporated  in  one 
year,  amounts  to  8 inches.  But  this  being  too  little 
to  anfwer  the  experiments  of  the  French,  wFo  found 
that  it  rained  19  inches  of  water  in  one  year  at  Paris  ; 
or  thofe  of  Mr.  Townley,  who  found  the  annual  quan- 
tity of  rain  in  Lancafliire  above  40  inches  ; he  con- 
cludes, that  the  fun  and  wind  contribute  more  to  Eva- 
poration than  any  internal  heat  or  agitation  of  the  win- 
ter. In  effedt.  Dr.  Halley  fixes  the  annual  Evapora- 
tion of  London  at  48  inches  ; and  Dr.  Dobfon  Hates 
the  fame  for  Liverpool  at  36!  inches.  Philof.  Tranf. 
vol.  67,  p.  252. 

3.  The  effefl  of  the  wdnd  is  very  confiderable,  on  a 
double  account ; for  the  fame  obfervations  fliew  a very 
odd  quality  in  the  vapours  of  w’^ater,  viz,  that  of  adher- 
ing and  hanging  to  the  furface  that  exhaled  them, 
.which  they  clothe  as  it  w’-ere  wdth  a fleece  of  vapour- 
ous  air ; which  once  invefling  the  vapour,  it  afterwards 
rifes  in  much  lefs  quantity.  Whence,  the  quantity  of 
water  loH  in  24  hours,  when  the  air  is  very  Hill,  was 
very  fmall,  in  proportion  to  w’hat  w’^ent  off  wTen  there 
w’as  a Hrong  gale  of  wn’nd  abroad  to  diflipate  the 
fleece,  and  make  room  for  the  emiffion  of  vapour  ; and 
this,  even  though  the  experiment  w'as  made  in  a place 
as  clofe  from-  the  wdnd  as  could  be  contrived.  Add, 
that  this  fleece  of  water,  hanging  to  the  furface  of  wa- 
ters in  Hill  w'eather,  is  the  occafion  of  very  Hrange  ap- 
pearances, by  the  refradtion  of  the  vapours  differing 
from  and  exceeding  that  of  common  air  4 wTence  every 
thing  appears  raffed,  as  houfes  like  Heeplesj  fhips  as 
on  land  above  the  water,  the  land  railed,  and  as  it 
were  lifted  from  the  fea,  &c. 

4.  The  fame  experiments  fliew  that  the  Evapora- 
tion in  May,  June,  July,  and  AuguH,  which  are  nearly 
equal,  are  about  three  times  as  great  as  thofe  in  the 
months  of  November,  December,  January,  and  Febru- 
ary. Philof.  Tranf.  numb.  212,  or  Abr.  vol.  2,  pa.  1 10. 

Dr.  Brownrigg,  in  his  Art  of  making  common  fait, 
pa.  189,  fixes  the  Evaporation  of  lome  parts  of  Eng- 
land at  73*8  inches  during  the  months  of  May,  June, 
July,  and  AuguH  ; and  the  Evaporation  of  the  wTole 
year  at  more  than  140  inches.  But  the  Evaporation 
of  the  four  fummer  months  at  Liverpool,  on  a medium 
of  4 years,  was  found  to  be  only  18 ’8 8 inches.  Alfo 
Dr.  Hales  calculates  the  greateH  annual  Evaporation 
from  the  furface  of  the  earth  in  England  at  6*66  inches; 
and  therefore  the  annual  Evaporation  from  a furface 
of  water,  is  to  the  annual  Evaporation  from  the  furface 
of  the  earth  at  Liverpool,  nearly  as  6 to  i.  Philof. 
Tranf.  vol.  67,  ubi  fupra. 


In  the  Tranfadlions  of  the  American  Philofophical 
Society,  vol.  3,  pa.  125,  there  is  an  ingenious  paper  on 
Evaporation,  by  Dr.  Wiliar.  It  is  there  (hewn,  that 
evaporation  arifes  when  the  moiff  body  is  warmer  than 
the  medium  it  is  inclofed  in.  And,  on  the  contrary, 
it  acquires  moiHure  from  the  air,  w'-hen  the  body  is  the 
colder.  This  carrying  off,  and  acquiring  of  moiHure, 
it  is  fhewm,  is  by  the  paffage  of  heat  out  of  the  body, 
or  into  it. 

EUCLID,  of  Megara,  a celebrated philofopher  and 
logician  ; he  was  a difciple  of  Socrates,  and  flourifhed 
about  400  years  before  ChriH.  The  Athenians  having 
prohibited  the  Megarians  from  entering  their  city  on 
pain  of  death,  this  philofopher  difguifed  himfelf  in  wo- 
men’s clothes  to  attend  the  ledfures  of  Socrates.  After 
the  death  of  Socrates,  Plato  and  other  philofophers 
w’’ent  to  Euclid  at  Megara,  to  fhelter  themfelves  from 
the  tyrants  wdro  governed  Atliens. — This  philofopher 
admitted  but  one  chief  good  ; wdiich  he  at  different 
times  called  God^  or  the  Spirit,  or  Pro^vicknee. 

Euclid,  the  celebrated  mathematician,  according 
to  the  account  of  Pappus  and  Proclus,  w'as  born  at 
Alexandria,  in  Eg)^pt,  where  he  flourifhed  and  taught 
mathematics,  with  great  applaufe,  under  the  reign  of 
Ptolomy  Lagos,  about  280  years  before  ChriH.  And 
here,  from  his  time,  fill  the  conqueH  of  Alexandria  by 
the  Saracens,  all  the  eminent  mathematicians  were 
either  born,  or  Hiidied ; and  it  is  to  Euclid,  and  his 
fcholars,  ’we  are  beliolden  for  EratoHlienes,  Archi- 
medes, Apollonius,  Ptolomy,  Theon,  &c,  Stc.  He  re- 
duced into  regularity  and  order  all  the  fundamental 
principles  of  pure  mathematics,  which  had  been  de- 
livered down  by  Thales,  Pythagoras,  Eudoxus,  and 
other  mathematicians  before  him,  and  added  many 
others  of  his  own  difeovering  : on  which  account  it  is 
faid  he  w^as  the  firfl  who  reduced  arithmetic  and  geo- 
metry into  the  form  of  a fcience.  Fie  likewife  applied 
himfelf  to  the  Hudy  of  mixed  mathematics,  particularly 
to  aflronomy  and  optics. 

His  works,  as  we  learn  from  Pappus  and  Proclus,  are 
the  Eienients,  Data,  IntrodnSlhn  to  Plarmony,  Phenomena, 
Optics,  Catoprics,  a Preatife  of  the  Pivfion  of  Sup  erf cies, 
Porifms,  Loci  ad  Siiperfciem,  Fallacies,  and  Four  books  of 
Conics.  The  moH  celebrated  of  thefe,  is  the  firfl  work, 
the  Elements  of  Geometry  ; of  which  there  have  been 
numberlefs  editions,  in  all  languages  ; and  a fine  edi- 
tion of  all  his  works,  now  extant,  was  printed  in  1703, 
by  David  Gregory,  Savilian  profeffor  of  aflronomy  at 
Oxford. 

The  Elements,  as  commonly  puhlifhed,  confift  of  ly 
bDoks,  of  which  the  two  lafl  it  is  fiifpedted  are  not 
Euclid’s,  but  a comment  of  Hypficles  of  Alexandria, 
who  lived  200  y’^ears  after  Euclid.  They  are  divided 
into  three  parts,  viz,  the  Contemplation  of  Superficies, 
Numbers,  and  Solids  ; The  firfl  4 books  treat  of  planes 
only  ; the  5th  of  the  proportions  of  magnitudes  in  ge- 
neral ; the  6th  of  the  proportion  of  plane  figures  ; the 
7th,  8th,  and  9th  give  us  the  fundamental  properties 
of  numbers  ; the  loth  contains  the  theory  of  commen- 
furabie  and  incommenfurable  lines  and  fpaces  ; the  i ith, 

1 2th,  13th,  14th,  and  15th,  treat  of  the  dodrine  of 
folids. 

There  is  no  doubt  but,  before  Euclid,  Elements  of 
Geometry  were  compiled  by  Hippocrates  of  Chius, 
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Xudo^HS,  Leon,  and  many  others,  mentioned  by  Pro- 
•clus,  in  the  beginning  of  his  fecond  book  ; for  he  affirms 
that  Euclid  new  ordered  many  things  in  the  Elements 
of  Eudoxus,  completed  many  things  in  thofe  of  Thea- 
tctus,  and  befides  ilrengthened  fuch  propofitions  as  be- 
fore were  too  flightly,  or  but  fuperhcially  eftabliffied, 
with  the  moft  firmi  and  convincing  demonftrations. 

Hiftory  is  filent  as  to  the  time  of  Euclid’s  death,  or 
bis  age.  He  is  reprefented  as  a perfon  of  a courteous 
and  agreeable  behaviour,  and  in  great  elleem  and  fa- 
miliarity with  king  Ptolomy  ; who  once  aflving  him, 
whether  ther^  was  any  ffiorter  Avay  of  coming  at  geo- 
metry than  by  his  Elements,  Euclid,  as  Proclus  tedi- 
bes,  made  anfwer,  that  there  was  no  royal  way  or  path 
to  geometiw. 

EUDIOMETER,  an  inftrument  for  determining 
the  purity  of  the  air,  or  the  quantity  of  pure  and  de- 
phlogifticated  or  vital  air  contained  in  it,  chiefly  by 
means  of  its  diminution  on  a mixture  with  nitrous  air. 

Indruments  of  this  kind  have  been  but  lately  made, 
and  that  in  confcquence  of  the  experiments  and  difco- 
veries  of  Dr.  Priedley,  for  determining  the  falubrity 
of  different  kinds  of  air.  That  writer  having  difcovered, 
that  when  nitrous  air  is  mixed  with  any  other  air,  their 
original  bulk  is  diminiflied  ; and  that  the  diminution  is 
nearly,  if  not  exaftly,  in  proportion  to  its  falubrity ; 
be  was  hence  led  to  adopt  nitrous  air  as  a true  tefl  of 
the  purity  of  refpirable  air  ; and  nothing  more  feemcd 
to  be  neceflary  but  an  eafy,  expeditious,  and  accurate 
•method  of  ellimating  the  degree  of  diminution  in  dif- 
ferent cafes  ; and  for  this  purpofe,  tlie  Eudiometer  was 
contrived  ; of  which  feveral  kinds  have  been  invented, 
the  principal  of  which  are  the  following. 

I.  The  Eudiometer  originally  ufed  by  Dr.  Prieflley 
is  a divided  glafs  tube,  into  which,  after  having  filled 
it  with  common  water,  and  inverted  it  into  the  fame, 
■one  meafure  or  more  of  common  air,  and  an  equal 
•quantity  of  nitrous  air,  are  introduced  by  means  of  a 
fmall  phial,  whicli  is  called  the  meafure  ; and  thus  the 
diminution  of  the  volume  of  the  mixture,  which  is  feen 
at  once  by  means  of  the  graduations  of  the  tube,  in- 
flantly  difcovers  the  purity  of  the  air  required. 

II.  The  difcovery  ot  Dr.  Priellley  was  announced 
-to  the  public  in  the  year  1772  ; and  feveral  perfons, 
both  at  home  and  abroad,  prefently  availed  themfelves  of 
it,  by  framing  other  more  accurate  inllruments.  The 
firft  of  thefe  was  contrived  by  M.  I^andriani  ; an  ac- 
count of  which  is  publiflied  in  the  6th  volume  of  Ro- 
fier’s  Journal,  for  the  year  1775.  It  confifls  of  a glals 
tube,  fitted  by  grinding  to  a cylindrical  velfcbto  which 
are  joined  two  glafs  cocks  and  a fmall  bafon  ; the  whole 
-being  fitted  to  a wooden  frame.  In  this  inilrument 
•quickfilver  is  ufed  inftead  of  water;  though  that  is  at- 
tended with  an  inconvenience,  becaufe  the  nitrous  air 
affs  upon  the  metal,  and  renders  the  experiment  ambi- 
guous. 

III.  In  1777,  Mr.  Magellan  publiflred  an  account 
of  three  Eudiometers  invented  by  himfelf,  confifiing  of 
•glafs  veiTcls  of  rather  difficult  confirudtion,  and  trouble 
feme  life.  Mr.  Cavallo  obferves,  that  the  conitrudlion 
:of  all  the  three  is  founded  on  a fiippofition,  that  the 
mixture  of  nitrous  and  atmofpherical  air,  having  con- 
tinued for  fome  time  to  diminiflb,  afterwards  increafes 
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again  ; which  it  feems  is  a mlilake : neither  do  they 
give  accurate  or  uniform  refults  in  any  two  experiments 
made  with  nitrous  and  common  air  of  precifely  the  fame 
quality. 

IV.  A preferable  method  of  difeovering  the  purity 
of  the  air  by  means  of  an  Eudiometer,  is  recommended 
by  M.  Fontana,  of  very  great  accuracy.  The  inflru- 
ment  is  originally  nothing  more  than  a divided  glafs 
tube,  though  the  inventor  afterwards  added  to  it  a com- 
plicated apparatus,  perhaps  of  little  or  no  ufe.  The 
firft  fimple  Eudiometer  confifled  only  of  a glafs  tube, 
uniformly  cylindrical,  about  18  inches  long,  and  3-4ths 
of  an  ii}ch  diameter  within  fide,  the  outfide  being  mark- 
ed with  a diamond  at  fuclr  difiances  as  are  ex a6tly  filled 
by  equal  meafures  of  claflic  fluids  : and  when  any  parts 
of  thefe  divifions  are  required,  the  edge  of  a ruler,  di- 
vided into  inches  and  fmaller  parts,  is  held  againft  the 
tube,  fo  as  that  the  firil  divifion  of  the  ruler  may  coin- 
cide with  one  of  the  marks  on  the  tube.  Tire  nitrous 
and  atrnoipherical  air  are  introduced  into  this  tube,  in 
order  to  be  diminiflied,  and  thence  the  purity  of  the 
atmofnheiic  air  afeertained. 

j. 

V.  M.  iSauffure  of  Geneva  Las  alfo  invented  an  Eudio- 
meter, which  he  thinks  is  more  exacfl  than  any  of  thofe 
before  defcrlbed  ; the  apparatus  of  which  is  as  follows  : 
I . A cylindrical  glafs  bottle,  with  a ground  Hopple,  con- 
taining about  5^  ounces,  which  ferves  as  a receiver  for 
mixing  the  two  airs. — 2.  A fmall  glafs  phial,  to  ferv'e 
as  a meafure,  and  is  about  one-tlrird  the  fize  of  the  re- 
ceiver.— 3.  A fmall  pair  of  fcales  that  may  weigh  very 
exactly. — 4.  Several  glafs  bottles,  for  containing  the 
nitrous  or  other  air  to  be  ufed,  and  which  may  fupply 
the  place  of  the  recipient  w hen  broken.  Tire  method 
of  ufing  it  is  as  follows  ; Tire  receiver  is  to  be  filled 
with  water,  clofed  exadlly  with  its  glais  Hopper,  wiped 
dry  on  the  outfide,  and  then  weighed  very  nicely.  Being 
then  Inimerged  in  a vcHel  of  \vater,  and  held  with  the 
mouth  downwards,  the  Hopple  is  removed,  and,  by 
means  of  a funnel,  two  meafures  of  common  and  one 
of  nitrous  air  are  introduced  into  it,  one  after  another : 
thefe  diminilh  as  foon  as  they  come  into  contacf ; in 
confcquence  of  which  the  water  enters  the  recipient  in 
proportionable  quantity.  After  being  Hopped  and 
w'ell  firaken,  to  promote  the  diminution,  the  receiver  is 
to  be  opened  again  under  water ; then  Hopped  and 
Hiaken  again,  and  fo  on  for  three  times  fucceffively, 
after  which  the  bottle  is  Hopped  for  the  laH.  time  under 
water,  then  taken  out,  wiped  very  clean  and  dry,  and 
exaffly  weighed  as  before.  It  is  pLain  that  now,  the 
bottle  being  filled  partly  with  elaHic  Huid  and  partly 
with  water,  it  muH  be  ligliter  than  wlien  quite  full  of 
water ; and  the  difference  between  thofe  two  weights, 
Hiows  nearly  what  quantity  of  water  would  fill  the  fpace 
occupied  by  the  diminiflied  elaHic  fluid.  Now,  in 
making  experiments  with  airs  of  different  degrees  of 
purity,  the  faid  difference  will  be  greater  wher;  the  di- 
minution is  lefs,  or  when  the  air  is  lefs  pure,  and  vice 
verfa  ; by  which  means  the  comparative  purity  betv/een 
two  different  kinds  of  air  is  determined. 

VI.  But  as  this  method,  iiotVv'itliHanding  the  encomi- 
ums bellowed  on  it  by  the  inventor,  is  fubjecH  to  feveral 
error's  and  inconveniences  ; to  I'cmedy  all  thefe,  another 
inilrument  was  invented  by  Mr.  Cavallo ; the  deferip- 
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tion  of  which,  being-  long,  may  be  feen  in  his  Treatife 
on  the  Nature  and  Properties  of  Air,  pa.  344. 

Other  conftru6lions  of  the  Eudiometer  have  alfo  been 
given  by  Mr.  Cavendifli  and  Mr.  Scheele.  For  farther 
information,  fee  Magellan’s  I^etter  to  Dr.  Prieftley, 
containing  the  Defeription  of  a Glafs  Apparatus,  &c, 
and  of  New  Eudiometers  &c,  1777,  pa.  15  See;  Prieft- 
ley’s  Exp.  and  Obf.  on  Air,  voh  3,  preface  and  appen- 
dix ; tlie  methods  of  Dr.  Ingenhoulz  in  Philof.  Tranf. 
vol.  66,  art.  15  ; fee  alfo  the  Philof.  Tranf.  vol.  73  ; 
and  Cavallo’s  Treatife  on  Air,  pa.  274,  315,  316,  317, 
328,  340,  344,  and  834. 

EUDOXUS,  of  Cnidus,  a city  of  Caria  in  Aha 
Minor,  flourilhed  about  370  years  before  Clirill.  Fie 
learned  geometry  from  Archytas,  and  afteinvards  tra- 
velled into  Egypt  to  learn  aitronomy  and  other  feien- 
ces.  There  he  and  Plato  ftiidied  together,  as  Laertius 
informs  us,  for  the  fpace  of  13  years  ; and  afterwards 
came  to  Athens,  fraug-ht  with  all  forts  of  knowled<ge, 
■which  they  had  imbibed  from  the  mouths  of  the  prieils. 
H ere  Eudoxus  opened  a fchool  ; which  he  fupported 
with  fo  much  glory  and  renown,  that  even  Plato,  though 
his  friend,  is  faid  to  have  envied  him.  Eudoxus  com- 
pofed  Elements  of  Geometry,  from  whence  Euclid  li- 
berally borrowed,  as  mentioned  by  Proclus.  Cicero  calls 
Eudoxus  the  greatell  aftronomer  that  had  ever  lived : and 
Petroniiis  fays,  he  fpent  the  latter  part  of  his  life  upon 
the  top  of  a very  high  mountain,  that  he  might  contem- 
plate the  Ears  and  the  heavens  with  more  convenience  and 
lefs  Interruption  : and  we  learn  from  Strabo,  that  there 
were  fome  remains  of  his  obfervatory  at  Cnidus,  to  be 
feen  even  in  his  time.  Fie  died  in  the  53d  year  of  his 
age. 

EVECTION,  is  ufed  by  fome  aflronomers  for  the 
Xiibr  ation  of  the  moon  ; being  an  inequality  in  her  mo- 
tion, by  which,  at  or  near  the  quadratures,  fhe  is  not 
in  a line  drawn  through  the  centre  of  the  earth  to  the 
-fun,  as  (he  is  at  the  fyzygies,  or  conjunction  and  oppo- 
lition,  but  makes  an  angle  with  that  line  of  about  2° 
51'.  The  m.otion  of  the  moon  about  her  axis  only  is 
equable,  which  rotation  is  performed  exaCtly  in  the  fame 
time  as  fhe  revolves  about  the  earth ; for  which  reafon 
it  is  that  fhe  turns  always  the  fame  face  towards  the 
earth  nearly,  and  would  do  fo  exaCtly  were  it  not  that 
her  menflrual  motion  about  the  earth,  in  an  elliptic  or- 
bit, is  not  equable  ; on  which  account  the  moon,  feen 
from  the  earth,  appears  to  librate  a little  upon  her  axis, 
fometimes  from  eafl  to  weft,  and  fometiraes  from  weft 
to  eaft  ; or  fome  parts  in  the  eaftern  limb  of  the  moon 
go  backwards  and  forwards  a fmall  fpace,  and  fome 
that  were  confpicuous,  are  hid,  and  then  appear  again. 

The  term  Evection  is  ufed  by  fome  aflronomers  to 
denote  that  equation  of  the  moon’s  motion,  which  is 
proportional  to  the  fine  of  double  the  diflance  of  the 
moon  from  the  fun,  diminiflied  by  the  moon’s  ano- 
maly : this  equation  is  not  yet  accurately  determined  ; 
louie  hate  it  at  1°  30^  others  at  1°  See.  It  is  the 
greatefl  of  all  the  moon’s  equations,  except  the  Equation 
of  the  Centre. 

EVEN  Numler,  is  that  which  can  be  divided  into 
two  equal  whole  numbers  ; fuch  as  the  feries  of  alter- 
nate numbers  2,  4,  6,  8,  10,  &c. 

EVENLY  Even  Number^  is  that  which  an  even  num- 


ber meafures  by  an  even  number;  as  16,  which  the  eveff 
number  8 meafures  by  the  even  number  2. 

Evenly  Odd  Number ^ is  that  which  an  even  number 
meafures  by  an  odd  one  ; as  30,  which  the  even  num- 
ber 6 meafures  by  the  odd  number  5". 

EVERARD’s  Sliding  Rule,  a particular  fort  of 
one  invented  by  Mr.  Thomas  Everard,  for  the  purpofe 
of  gauging.  See  Sliding  Rule. 

EULER  (Leonard),  one  of  the  moft  extraordi- 
nary, and  even  prodigious,  mathematical  geniufes,  that 
the  world  ever  produced.  Fie  was  a native  of  Bafil, 
and  was  born  April  15,  1707.  The  years  of  his  in- 
Emcy  were  paffed  at  Richen,  where  his  father  was  mi- 
iiiftcr.  He  was  afterwards  fent  to  the  univerhty  of 
Bafil ; and  as  his  memory  was  prodigious,  and  his  ap- 
plication regular,  he  performed  his  academical  tafles 
with  great  rapidity  ; and  ail  the  time  that  he  faved  by 
this,  was  confecrated  to  the  fludy  of  mathematics,  which 
foon  became  his  favoutite  fcience.  The  early  progrefs 
he  made  in  this  iludy,  added  frelh  ardour  to  his  appli- 
cation ; by  which  too  he  obtained  a dihinguifhed  place 
in  the  attention  and  efteem  of  profeffor  John  Bernoulli, 
who  was  then  one  of  the  chief  mathematicians  in  Europe. 

In  1723,  M.  Euler  took  his  degree  as  mailer  of  arts; 
and  delivered  on  that  occafion  a Latin  difeourfe,  in 
which  he  drew  a comparifon  between  the  philofophy 
of  Newton  and  the  Cartefian  fyitem,  which  was  received 
with  the  greatell  applaiife.  At  his  father’s  delire,  he 
next  applied  himfelf  to  the  Iludy  of  theology  and  the 
oriental  languages  : and  though  thefe  lludies  were  fo- 
reign to  his  predominant  propenfity,  his  fuccefs  was 
confiderable  even  in  this  line  : however,  with  his  father’s 
confent,  he  afterward  returned  to  mathematics  as  his 
principal  objedt.  In  continuing  to  avail  himfelf  of  the 
counfels  and  inllrudlions  of  M.  Bernoulli,  he  contradled 
an  intimate  friendHiip  with  his  two  fons  Nicholas  and 
Daniel  ; and  it  was  chiefly  in  confequence  of  thefe  con- 
nedlions  that  he  afterwards  became  the  principal  orna- 
ment  of  the  philofophical  world. 

The  projedt  of  eredling  an  academy  at  Peterfburg^ 
which  had  been  formed  by  Peter  the  Great,  was  execut- 
ed by  Catharine  the  ill  ; and  the  two  young  Bernoul” 
lis  being  invited  to  Peterlburgin  1 725,  promifed  Euler, 
who  was  denrous  of  following  them,  that  they  would 
ufe  their  endeavours  to  procure  for  him  an  advanta- 
geous fettlement  in  that  city.  In  the  mean  time,  by 
their  advice,  he  made  dole  application  to  the  Iludy  of 
philofophy,  to  which  he  made  happy  applications  of  his 
mathematical  knowledge,  in  a dilTertation  on  the  na- 
ture and  propagation  of  found,  and  an  anfwer  to  a prize 
quellion  concerning  the  mailing  of  fliips  ; to  which  the 
Academy  of  Sciences  adjudged  the  accejfu,  or  fecond 
rank,  in  the  year  1727.  From  this  latter  difeourfe, 
and  other  circumllances,  it  appears  that  Euler  had  very 
early  embarked  in  the  curious  and  iifeful  Iludy  of  naval 
arehitedure,  which  he  afterward  enriched  with  fo  many 
valuable  difeoveries.  The  Iludy  of  mathematics  and 
philoiophy  however  did  not  folely  engage  his  attention, 
as  he  in  the  mean  time  attended,  the  medical  and  bota- 
nical ledures  of  the  profeflbrs  at  Bafil. 

Euler’s  merit  would  have  given  him  an  eafy  admif- 
fion  to  honourable  preferment  either  in  the  rnagillracy 
or  univerfity  of  liis  native  city,  if  both  civil  and  acade- 
mical. 
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nncal  honours  had  not  been  there  diilribiited  by  lot. 
The  lot  being  againil  him  in  a certain  promotion,  he 
left  his  country,  let  out  for  Peterlburg,  and  was  made 
joint  profefl'or  with  his  countrymen  Hermann  and  Da- 
niel Bernoulli  in  the  univerhty  of  that  city. 

At  his  firft  fetting  out  in  his  new  career,  he  enriched 
the  academical  colleftion  with  many  memoirs,  which 
excited  a noble  emulation  between  him  and  the  Ber- 
noullis  ; an  emulation  that  always  continued,  without 
either  degenerating  into  a felhl'h  jealoufy,  or  producing 
the  lead  alteration  in  their  fricndflrip.  It  was  at  this 
time  that  he  carried  to  new  degrees  of  perfe6lion  the 
integral  calculus,  invented  the  calculation  by  fines,  re- 
duced analytical  operations  to  a greater  fimplicity,  and 
thus  \vas  enabled  to  throw  new  light  on  all  the  parts  of 
mathematical  fcience. 

In  1730,  M.  Euler  was  promoted  to  the  profelTor- 
fhip  of  natural  philofophy  ; and  in  17^3  he  lucceeded 
his  friend  D.  Bernoulli  in  the  mathematical  chair.  In 
1735,  a problem  was  propofed  by  the  academy,  which 
required  expedition,  and  for  the  calculation  of  which 
fome  eminent  mathematicians  had  demanded  the  fpace 
of  fome  months.  The  problem  was  undertaken  by 
Euler,  who  completed  the  calculation  in  three  days, 
to  the  great  adonifhment  of  the  academy  ; but  the 
violent  and  laborious  efforts  it  coil  him  threw  him 
into  a fever,  which  endangered  his  life,  and  deprived 
him  of  the  ufe  of  his  right  eye,  which  afterwai'd 
brought  on  a total  blindnefs. 

The  Academy  of  Sciences  at  Paris,  which  in  173S 
had  adjudged  the  prize  to  his  memoir  Concerning  the 
Nature  and  Properties  of  Fire,  propofed  for  the  year 
1740  the  important  fubjedt  of  the  Tides  of  the  Sea  ; a 
problem  whofe  folutlon  comprehended  the  theory  of 
the  folar  fyftem,  and  required  the  moll  arduous  calcu- 
lations. Euler’s  folution  df  this  queftion  was  adjudged 
a mafler-piece  of  analyfis  and  geometry  ; and  it  was 
more  honourable  for  him  to  fhare  the  academical  prize 
tvith  fuch  illuflrious  competitors  as  Colin  Maclaurin 
and  Daniel  Bernoulli,  than  to  have  carried  it  away 
from  rivals  of  lefs  magnitude.  Seldom,  if  ever,  did  fuch 
a brilliant  competition  adorn  the  annals  of  the  academy; 
and  perhaps  no  fubjedl,  propofed  by  that  learned  body, 
was  ever  treated  with  fuch  force  of  genius  and  accuracy 
of  invefllgation,  as  that  which  here  difplayed  the  phl- 
lofophical  powers  of  this  extraordinary  triumvirate. 

In  the  year  1741,  M.  Euler  was  invited  to  Berlin 
to  diredf  and  affiil  the  academy  that  was  there  riling  in- 
to fame.  On  this  occalion  he  enriched  the  lail  volume 
of  the  Mlfcellanies  ( Melanges ) of  Berlin  with  five  me- 
moirs, w'hich  form  an  eminent,  perhaps  the  principal, 
figure  in  that  colledlion.  Theic  were  follow^ed,  with 
amazing  rapidity,  by  a great  number  of  important  re- 
fearches,  which  are  difperfed  through  the  memoirs  of 
the  Pruflian  academy  ; a volume  of  which  has  been  re- 
gularly publifhed  every  year  fince  its  eflabllihment  in 
1744.  The  labours  of  Euler  will  appear  more  efpe- 
olally  ailonifhing,  when  it  is  confidered,  that  while  he 
was  enriching  the  academy  of  Berlin  with  a profufion 
of  memoirs,  on  the  deepeft  parts  of  mathematical  fcience, 
containing  always  fome  new  points  of  view,  often  fu- 
blime  truths,  and  fometimes  difcoverles  of  great  import- 
ance ; he  Hill  continued  his  philofophical  contributions 
to  the  Peterfburg  academy,  wdiofe  memoirs  difplay  the 


marvellous  fecundity  of  his  genius,  and  which  granted 
him  a penfioii  in  1742. 

It  was  with  great  difhciilty  that  this  extraordinary 
man,  in  1766,  obtained  permiffion  from  the  king  of 
Pruflia  to  return  to  Peterlburg,  w'hei*e  he  wifhed  to 
pafs  the  remainder  of  his  days.  Soon  after  his  return, 
which  y/as  graciouHy  rewarded  by  the  munificence  of 
Catharine  the  2d,  he  rvas  feized  with  a violent  diforder, 
wEich  ended  in  the  total  lols  of  lus  fight.  A cataradl, 
formed  in  his  left  eye,  w^hich  had  been  elTentially  dama- 
ged by  the  lofs  of  the  other  eye,  and  a too  clofe  applica- 
tion to  ftudy,  deprived  him  entirely  of  the  ufe  of  that  or- 
gan. It  was  in  this  diilrefiing  fituation  that  he  diclatedto 
his  fervant,  a taylor’s  apprentice,  who  was  abfolutely  de- 
v(;id  of  mathematical  knowledge,  his  Elements  of  Al- 
gebra ; which  by  their  intrinfic  merit  in  point  of  per- 
fpicuity  and  metliod,  and  the  unhappy  circumltances  iu 
^vhich  they  were  compofed,  have  equally  excited  won- 
der and  applaufe.  This  work,  though  purely  elemen- 
tary, plainly  difeovers  the  proofs  of  an  inventive  genius; 
and  it  is  perhaps  here  alone  tliat  we  meet  with  a com- 
plete theory  of  the  analyfis  ot  Diopliantus. 

About  this  time  M.  Euler  was  honoured  by  the 
Academy  of  Sciences  at  Paris  with  the  place  of  one 
of  the  foreign  members  of  that  learned  body  ; after 
which,  the  academical  prize  was  adjudged  to  three  of 
his  memoirs,  Concerning  the  Inequalities  in  the  Motions  of 
the  Planets,  The  two  prize  queflions  propofed  by  the 
fame  Academy  for  1770  and  1772  were  defigned  to 
obtain  from  the  labours  of  aftronomers  a more  perfect 
Theory  of  the  Moon.  M.  Euler,  aflilled  by  his  eldeft 
fon,  was  a competitor  for  thefc  pnzes,  and  obtained 
them  both.  In  this  lall  memoir,  he  referved  for  farther 
confideration  fcveral  inequalities  of  the  moon’s  motion, 
which  he  could  not  determine  in  his  firil  theory,  on 
account  of  the  complicated  calculations  in  which  the 
method  he  then  employed  had  engaged  him.  He  af- 
terward revifed  his  whole  theory,  with  the  affiflance  of 
his  fon  and  Meffrs  Krafft  and  Eexell,  and  purfued  his 
refearches  till  he  had  conftrufted  the  new  tables,  which 
appeared,  together  with  the  great  work,  in  1772.  In- 
Head  of  confining  himfelf,  as  before,  to  the  fruitlefs  in- 
tegration of  three  differential  equations  of  the  fecond 
degree,  which  are  furniflied  by  mathematical  principles, 
he  reduced  them  to  the  three  ordinates,  which  deter- 
mine the  place  of  the  moon  : he  divided  into  clafles  all 
the  inequalities  of  that  planet,  as  far  as  they  depend 
either  on  the  elongation  of  the  fun  and  moon,  or  upon 
the  eccentricity,  or  the  parallax,  or  the  inclination  of 
the  lunar  orbit.  All  thele  means  of  InveHlgation,  em- 
ployed with  fuch  art  and  dexterity  as  could  only 
expelled  fiom  a genius  of  the  firll  order,  were  at- 
tended with  the  greatefl  fuccefs  ; and  it  is  impolfible 
to  obferve  without  admiration,  fuch  immenfe  calcula- 
tions on  the  one  hand,  and  on  the  other  the  ingenious 
methods  employed  by  this  great  man  to  abridge  them, 
and  to  facilitate  their  application  to  the  real  motion  of 
the  moon.  But  this  admiration  will  become  aHonlfli- 
ment,  when  we  confider  at  what  period  and  in  w^hat 
clrcumHances  all  this  was  effedluated.  It  was  wliea 
our  author  was  totally  blind,  and  confequently  obli- 
ged to  arrange  all  his  computations  by  the  foie  powers 
of  his  memory  and  his  genius;  it  was  vvdien  he  was 
embarrafled  in  his  domeilic  affairs  by  a dreadful  fire, 
3 M 2 that 
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that*  had  confirmed  great  part  of  his  fubilaiice,  and 
forced  liiin  to  quit  a ruined  liouie,  every  corner  of  which 
was  known  to  him  by  habit,  which  in  fome  meafure 
fnpplied  the  want  of  light.  It  was  in  thefe  circurn- 
flances  that  Euler  compcfed  a work  which  alone  was 
fufficient  to  render  his  name  imnuortah 

Some  time  after  this,  the  famous  oculifi  Wentzell, 
by  couching  the  cataract,  reftored  fight  to  our  author  ; 
butvthe  joy  produced  by  this  operation  was  of  hiort  du- 
ration. Some  inllances  of  negligence  on  the  part  of 
liis  furgeons,  and  his  own  impatience  to  ufe  an  organ, 
whofe  cure  was  not  completely  linifned,  deprived  him 
a fecond  time  and  for  ever  of  his  fight  : a relapfe  ivhich 
was  alfo  a-ccompanied  with  tormenting  pain.  With 
the  afTillancc  of  his  fons,  however,  and  of  MeiTrs  Kraiic 
and  Eexell,  lie  continued  his  labours  : neither  the  in- 
firmities of  old  as’e,  nor  the  lofs  of  his  fpi^ht,  could 

^ • « O'' 

quell  the  ardour  of  his  genius.  He  had  engaged  to 
furnifn  the  academy  of  Feterfburg  with  as  many  me- 
moirs a.s  would  be  iufricient  to  complete  its  a£ls  for.  2Q 
years  after  his  death.  In  the  fpace  of  7 years  he  tranf- 
mitted  to  the  ^hcademy  above  70  memoirs,  and  above 
2C0  more,  left  behind  him,  v/ere  reviled  and  completed 
by  a friend.  Such  of  thele  memoirs  as  were  of  ancient 
date  were  feparated  from,  the  reR,  and  form  a collec- 
tion that  was  pubhlhed  in  the  year  1783,  under  the  title 
of  Analytical  IVorh, 

The  general  knowledge  of  our  author  was  more  ex- 
tenfive  than  could  well  be  expected  in  one  wdio  had 
purfued.  with  fiicli  unremitting  ardour,  mathematics 
and  allronomy  as  his  favourite  ftudies.  He  had  made 
a very  confiderable  progrefs  in  medical,  botanical,  and 
chemical  fcience.  What  was  hill  more  extraordinary, 
he  was  an  excellent  fcholar,  and  pGifelfed  in  a high 
degree  what  is  generally  called  erudition-^  He  had  at- 
tentively read  the  moll  eminent  writers  of  ancient 
Rome  ; the  civil  and  literary  hiftory  of  all  ages  and 
all  nations  v/as  familiar  to  him  ; and  foreigners,  who. 
were  only  acquainted  with  his  works,  ivere  allonifhed 
to  hnd  in  the  coiiverfation  of  a mian,  whofe  long  life 
feemed  folely  occupied  in  mathematical  and  phyfical  re- 
fearches  and  difcoverics,  fuch  an  extenfive  acquaintance 
with  the  moll  interefcing  branches  of  literature.  In 
this  refpefl,  no  doubt,  he  w'^as  much  indebted  to  a 
very  uncommon  memory,  which  feemed  to  retain  every 
idea  that  was  conveyed  to  it,  either  from  reading  or 
from  meditation.  He  could  repeat  the  FEneid  of  Vir- 
gil, from  the  beginning  to  the  end,  without  liefitation, 
and  indicate  the  iiril  and  laE  line  of  every  page  of  the 
edition  he  ufed. 

Several  attacks  of  a vertigo,  in  the  beginning  of  Sep- 
tember.  1 783,  which  did  not  prevent  his  computing 
the  molions  of  the  aeroftatic  globes,  ivere  however  the 
forerunners  of  his  mild  paffagc  out  of  this  life.  While 
he  was  amufmg  himfelf  at  tea  with  one  of  his  grand- 
children, he  was  Rruck  with  an  apoplexy,  which  ter- 
minated his  illuftrious  career  at  76  years  of  age. 

M.  Euler’s  conftitution  was  uncommonly  ftrong  and 
vigorous.  His  health  was  good ; and  the  evening  of 
his  long  life  was  calm  and  ferene,  fwmetcned  by  the 
fame  that  follows  genius,  the  public  etteem  and  refpedh 
that  are  never  withheld  from  exemplary  virtue,  and  fe- 
veral  domclHc  comforts  which  he  was  capable  of  feel- 
ing, and  therefore  deferred  to  enjoy. 


The  catalogue  of  hi.s  w’orks  has  been  piinted  in  yo 
pages,  14  of  which  contain  the  manufeript  works.. — ► 
The  printed  ones  confilt  of  works  publifhed  feparateh^: 
and  works  to  be  found  in  the  memoirs  of  feveral  Aca- 
demies, viz,  in  38  volumes  of  the  Peterfourg  Afts,., 
(from  6 to  10  papers  in  each  volume)  ; — in  feveral 
volumes  of  the  Paris  Adis; — in  26  volumes  of  the 
Berlin  Adts,  (about  5 papers  to  each  volume)  ; — 4n  the 
Adla  Eniditorum,  in  2 volumes  ; — in  the  hlifcelianea 
Taurinenfia  ; — in  vol.  9 of  the  Society  of  Ulyhingue  ^ 
. — in  the  Epliemerides  of  Berlin  ; — and  in  the  hlemoirea. 
de  la  Societe  Oeconomique  for  1766. 

EVOLVENT,  in  the  Higher  Geometry,  a term: 
lift'd  by  lome  writers  for  the  Involute,  or  curve  refult- 
ing  fiom  the  evolution  of  a curve,  in  contradiiiindliom 
to  that  evulute,  or  curve  fuppofed  to  be  opened  on 
evolved.  See  Evolute,  and  Involute. 

INVOLUTE,  in  the  Eligher  Geometry,  a curve  firft 
propofed  by  M.  Eluygens,  and  fmee  much  itudied  by 
tlie  later  mathematicians.  It  is  any  curve  fuppofed  to 
be  evolved  or  opened,  by  having  a thread  wrapped 
clofe  upon  it,  falLened  at  one  end,  and  beginning  to 
evolve  or  unvrind  the  thread  from  the  other  end,  keep- 
ing the  part  evolved,  or  wound  off,  tight  ftretched  j then 
this  end  of  the  thread  willdefcribe  another  curve  called 
the  Involute,  Or  the  fame  involute  is  deferibed  the 
contrary  way,  by  wrapping  the  thread  upon  the  Evo- 
lute,  keeping  it  always  llretched. 

Thus,  if  EFGH  be  any  curve,  and  AE  either  a 
part  of  tlie  curve,  or  a right  line  ; then  if  a thread  be 
wound  clofe  upon  the  curve  from  A to  H,  where  it  is 
fixed,  and  then  be  unwound  from  A ; the  curve 
AEFGEI,  from  which  it  is  evolved,  is  called  the  Evo- 
lute ; and  the  other  curve  ABCl)  deferibed  by  the  end 
of  the  thread,  as  it  evolves  or  unwinds,  is  the  Involute.. 
Or,  if  the  thread  HD,  fixed  at  PI,  be  wound  or 
wrapped  upon  the  Evolute  HGFEA,  keeping  it  al- 
ways tig-ht,  as  at  the  feveral  pohtions  of  it  HD,  GC, 
FB,  EA,  the  extremity  will  deferibe  the  Involut^E 
curve  DCBA» 


From  this  defcription  ft  appears,  i.  That  the  pa: 
ot  the  thread  at  any  pofitions,  as  EA,  FB,  GC,  H] 
&c,  are  radii  of  ciiiwature,  or  ofciilatoiy  radii/of  t 
involute  curve,  at  the  points  A,  B,  C,  D, 

2.  The  fame  parts  of  the  thread  are  alfo  equal 
the  correfpondmg  lengths  AE,  AEF,  AEFG,  &c, 
the  Evolute  j that  is, 

cm-vature  to  the  ooint  A, 
Bh  = AF  - . , " fA 

CGzrAG  . . - ' C 

i)H  = AH  . . , ,,  : p; 
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Any  radius  of  curvature  BF,  is  perpendicular 
to  the  involute  at  the  point  B,  and  is  a tangent  to  the 
E volute  curve  at  the  point  F. 

4.  The  Evolute  is  the  locus  of  the  centre  of  curva- 
ture of  the  involute  curve. 

The  Ending  the  radii  of  Evolutes,  is  a matter  of 
great  importance  in  the  higher  fpeculations  of  geome- 
try ; and  is  even  foinetimes  ufeful  in  pradtice  ; as  is 
fnewn  by  Huygens,  the  inventor  of  this  theory,  in  ap- 
plying it  to  the  pendulum.  Horol.  Olcil.  part  3. 
The  dodlriiie  of  the  Ofcula  of  Evolutes  is  owing  to 
M.  Leibnitz,  who  lirll  fnewed  the  ufe  of  Evolutes  hi 
the  meafuring  of  curvatures. 

7E  yfrE'/ //E’ Evolute  and  Involute  Curves^  the  one 
from  the  other. 

For  this  purpofe,  put 
n:  AD  the  abfcifs  of  the  involute, 
j zz  DB  its  ordinate, 

zr:  A*.B  the  involute  curve, 
r = BC  its  radius  of  curvature, 

<i)  — EF  the  abfcifs  of  the  Evolute, 
z=  FC  its  ordinate,  and 
a — AE  a given  line,  (fig.  2 above). 

Then,  by  the  nature  of  the  radius  of  curvature,  it  is 

^ = BC  :r:  AE  -f  EC  ; alfo  by  fim.  triangles, 

r ; CB  rz: m rz TT.y 


y 


yx  - xy 


r 


GC  = = J"' 


yx—xy 


Hence  EF  = GB— DB  — 


yx—xy 


— yz^v;  and 


u; 


will  have  the  effccf  of  rendering  the  whole  operation 
fim  pier. 

For  Ex,  Siippofe  it  were  required  to  find  the  Evo- 
lution EC  Vvhen  the  given  invoiuie  AB  is  the  common 
parabola,  \yliofe  equation  is  px  — Bie  parameter 
being  p. 

Her 

making  A — o.^  Then,  to  find  firil  AE  the  radius  of 
curvature  of  the  parabola  AB  at  the  vertex,  when 
.V  = o,  the  general  value  of  the  radius  of  curvaturo 


T _ I — .3 

re  y = M,/px,  y — ]/>“  y and  y = —\p^x 


above  given  becomes  r = 


•—  — 'K 

ElTAi  rz:  (by  fub- 


-A-j 


Ay 


flltuting  the  value  of  ji  andy  ccc)  — — which  is  the 

o 3 vp 

general  value  of  r or  BC,  the  radius  of  curvature, 

for  any  value  of  .v  or  AD  ; and  when  x or  AD  is  zz  o 

or  notliin'-T^,  the  value  of  r,  or  AE,  becomes  then 


2 ^p 


= Ip  only;  that  is  half  the  parameter  of 


tlie  axis  IS  the  radius  of  curvature  at  the  vertex  of  the 
parabola, 

A^’^ain,  in  the  general  values  or  v and  u above  given, 
by  fubfli tilting  the  values  of  y,  y,  and  jz,  aEo  o for  a', 
and  \p  for  a ; thofc  quantities  become 


% 


i 


u 


-j-  A 4 ^ A 

_ — L- y = I—  = 4A  V - ; and 

-y  -y  ^ Pk  ^ P 


. I 

X — a ^ 


-Ay 


EC  = AD  - AE  + GC  = A-rt  + -A 

y.v  — A-y 

which  are  the  values  of  the  abfcifs  and  ordinate  of  the 
Fivolute  cm-ve  EC  ; and  therefore  thefe  may  be  found 
when  the  involute  is  given. 

On  the  other  hand,  if  v and  w,  or  the  Evolute  be 
given  : then,  putting  the  given  curve  EC  = s ; fince 
CB  = AE+EC,  or  r =r  <2  + 3,  this  gives  r the  radius 
of  curvature.  Alfo,  by  fimilar  triangles,  therf  refult 

thefe  proportions,  viz, 

• 

• • ^ ‘ n Tl 

s : v I : r : -1 — = — ; — v — u-i), 

X X 

• * ^7  4*  X • ^-L  r 

t : u ::  r I ■—  = —r—u  = GC  ; theref. 

X X 

"T  3*  . 

AD  = AE  + E C — GC  = n 4" « — • uzzzxy 

X 

and  DB  = GB-EF  =y  ; 

X 

which  are  the  abfcifs  and  ordinate  of  the  involute 
curve,  and  which  may  therefore  be  found  when^  the 

Evolute  is  given.  Where  it  may  be  noted  that  x^-  — 
4.  ^2,^  and  4-  Alfo  either  of  the  quan- 

tities A,  y,  may  be  fuppofed  to  flow  equably,  in  which 
cafe  the  refpedtive  fccond  fluxion  a or  y will  be  nothing, 
and  the  correfponding  term  in  the  denominator yw — Ay 
will  vanifh,  leaving  only  the  other  term  in  it ; which 


Hence  then,  comparing  the  values  of  v and  «,  there  is 

found  3P^E  = and  which  is  the 

equation  between  the  abfcifs  and  ordinate  of  the  Evo- 
lute  curve  EC,  fhewing  it  to  be  the  femicubical  para- 
bola. 

In  like  manner  the  Evolute  to  any  other  curve  is 
found.. — The  Evolute  to  the  common  cycloid,  is  an 
equal  cycloid  ; a property  firfc  demonftrated  by  Huy- 
gens, and  which  he  ufed  as  a contrivance  to  make  a 
pendulum  vibrate  in  the  curve  of  a cycloid.  See  his 
Horolog.  Ofeil.  See  alfo,  on  the  fubjeft  of  Evolute 
and  Involute  Curves,  the  Fluxions  of  Newton,  Mac- 
laurin,  Simpfon,  De  I’Hopital,  &c,  W oE.  Elem.  Math* 
tom.  I,  &c,  6ec. 

M.  Varignon  lias  applied  the  dodlrine  of  the  radius 
of  the  Evolute,  to  that  of  central  fort>.s  ; fo  that  hav- 
ing the  radius  of  the  Evolute  of  any  curve,  there  may 
be^  found  the  value  of  the  central  force  of  a body  ; 
which,  moving  in  that  curve,  is  found  in  the  fame  point 
where  that  radius  terminates  ; or  reciprocally,  having 
the  central  force  given,  the  radius  of  the  Evolute  may 
be  determined.  Hhl.  de  PAcad.  an.  1706. 

The  variation  of  curvature  of  the  line  deferibed  by 
the  Evolution  of  a curve,  is  meafured  by  the  ratio  of 
the  radius  of  curvature  of  the  Evolute,  to  the  radius 
of  curvature  of  tlie  line  deferibed  by  the  Evolution. 
See  Maclaiirin^s  Flux.  art.  402,  prop.  36. 

ImperfcB  Evolute,  a name  given  by  M.  Reaumur 
to  a new  kind  of  Evolute.  The  mathematicians  had 
hitherto  only  confidered  the  perpendiculars  let  fall  from 

the  Involute  on  the  convex  fide  of  the  Evolute  : but  if 

other 


• A 
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Dtlicr  lines  not  perpendicular  be  drawn  upon  the  fame 
points,  provided  they  be  all  drawn  under  the  fame 
angle,  the  effe6l  will  ftill  be  the  fame  ; that  is,  the  ob- 
lique lines  will  all  interfecl  in  the  curve,  and  by  their 
interfediions  form  the  infinitely  fmall  fides  of  a new 
curve,  to  which  they  would  be  fo  many  tangents. — 
Such  a'  curve  is  a kind  of  Evolute,  and  has  its  radii  ; 
but  it  is  an  Imperfedt  one,  fince  the  radii  are  not  per- 
pendicular to  the  firil  curve,  or  Involute.  Hill,  de 
PAcad.  &c,  an.  1709. 

EVOLUTION,  in  Arithmetic  and  Algebra,  de- 
notes the  Extraclion  of  the  roots  out  of  powers.  In 
which  fenfe  it  Hands  oppofed  to  Involution,  which  is 
the  raifing  of  powers.  The  note  or  charadter  that  has 
been  ufed  by  fome  Algebraifts,  to  denote  Evolution,  is 
vju  ; as  the  fign  of  involution  is  : charadlers  I think 
firft  ufed  by  Dr.  Pell. 

Evolution,  in  Geometry,  the  opening,  or  unfold- 
ing of  a curve,  and  making  it  defcribe  an  Evolvent. 

The  equable  Evolution  of  the  periphery  of  a circle, 
or  other  curve,  is  fiich  a gradual  approach  of  the  circuui- 
ference  to  redlitude,  as  that  its  parts  do  all  concur,  and 
equally  evolve  or  unbend ; fo  that  the  fame  line  be- 
comes fucceflively  a lefs  arc  of  a reciprocally  greater 
circle  ; till  at  lall  they  change  into  a ftraight  line. — 
In  the  Philof.  Tranf.  N°  260,  a new  quadratix  to  the 
circle  is  found  by  this  means,  being  the  curve  defcribed 
by  the  equable  Evolution  of  its  periphery. 

EURYTHMY,  in  Architedlure,  Painting,  and 
Sculpture,  is  a kind  of  majefty,  elegance,  and  eafmefs  ap- 
pearing in  the  compofition  of  certain  members  or  parts 
of  a body,  building,  or  painting,  and  refulting  from  the 
fine  and  exadl  proportions  of  them. 

EUSTYLE,  is  the  bell  manner  of  placing  columns, 
with  regard  to  their  diftance  ; which,  according  to 
Vitruvius,  fiiould  be  four  modules,  or  two  diameters  and 
a quarter. 

EXAGON.  See  Hexagon. 

EXALTATION,  in  Aftrology,  is  a dignity  which 
a planet  acquires  in  certain  figns  of  the  zodiac  ; which 
dignity,  it  is  fuppofed,  gives  the  planet  an  extraordinary 
virtue,  efficacy,  and  influence.  The  oppofite  fide  of 

the  zodiac  is  called  the  Dejedlion  of  the  planet. 

Thus,  the  15th  degree  of  Cancer  is  the  Exaltation  of 
Jupiter,  according  to  Albumazar,  becaufe  it  was  the 
afcendant  of  that  planet  at  the  time  of  the  creation  ; 
that  of  the  fun  is  in  the  19th  degree  of  Aries  ; and  its 
dejedtion  in  Libra  ; that  of  the  moon  is  in  Taurus,  See* 
Ptolomy  gives  the  reafon  of  this  in  his  firfl  book  De 
Qpiadripartita. 

EXCENTRIC,  is  applied  to  fuch  figures,  circles, 
fpheres,  &c,  as  have  not  the  fame  centre  ; as  oppofed 
to  Concentric,  which  have  the  fame  centre. 

Excentric,  or  JSxcentric  Circle,  in  the  ancient  Pto- 
lomaic  aftronomy,  was  the  very  orbit  of  the  planet  it- 
felf,  which  it  was  fuppofed  to  defcribe  about  the  earth, 
and  which  was  conceived  Excentric  witli  it ; called  alfo 
the  Deferent. 

Inftead  of  thefe  Excentric  Circles  round  the  earth, 
the  moderns  make  the  planets  defcribe  elliptic  orbits 
about  the  fun  ; which  accounts  for  all  the  irregularities 
of  their  motions,  and  their  various  dillances  from  the 
earth,  &c,  more  juftly  and  naturally. 


Excentric,  or  Excentric  Circle,  in  the  New  Agro- 
nomy, is  the  circle  defcribed  from  the  centre  of  the  or* 
bit  of  a planet,  with  half  the  greatefl:  axis  as  a radius  ; 
or  it  is  the  circle  that  circumferibes  the  elliptic  orbit  of 
the  planet ; as  the  circle  AQB, 

Excentric  Anomaly,  or  A- 
nomaly  of  the  Centre,  is  an  arc 
AQ_of  the  Excentric  circle, 
intercepted  between  the  aphe- 
lion A,  and  the  right  line 
QH,  drawn  through  the  cen- 
tre P of  the  planet  perpendi- 
cular to  the  line  of  tlie  apfes 

AB. 

Excentric  Equation,  in  the  Old  Aftronomy,  is  ani 
angle  made  by  a line  drawn  from  the  centre  of  the 
earth,  with  another  line  drawn  from  the  centre  of  the 
Excentric,  to  the  body  or  place  of  any  planet.  This 
is  the  fame  with  the  profthapherefis  ; and  is  equal  to 
the  difference,  accounted  in  an  arch  of  the  ecliptic,  be- 
tween the  real  and  apparent  place  of  the  fun  or  planet. 
See  Equation  of  the  Centre. 

Excentric  Place  of  a planet,  in  its- orbit,  is  the  He- 
liocentric place,  or  that  in  which  it  appears  as  feen  from 
the  fun. 

Excentric  Place  In  the  ecliptic,  is  the  point  of  the 
ecliptic  to  wdiich  the  planet  is  referred  as  viewed  from 
the  fun  ; and  wdiich  coincides  with  the  heliocentric 
longitude. 

EXCENTRICITY,  is  the  diftance  between  the 
centres  of  two  circles,  or  fpheres,  wEich  have  not  the 
fame  centre. 

Excentricit  V,  in  the  Old  AJlronomy,  is  the  diftance 
between  the  centre  of  a planet  and  the  centre  of  the 
earth. — That  the  planets  have  fuch  an  Excentricity,  is 
allowed  on  all  fides,  and  may  be  evinced  from  various 
circumftances  ; and  efpecially  this,  that  the  planets  at 
fome  times  appear  larger,  and  at  others  lefs  ; wTich  can 
only  proceed  from  hence,  that  their  orbits  being  Ex- 
centric to  the  earth,  in  fome  parts  of  thofe  orbits  the 
planets  are  nearer  to  us,  and  in  others  more  remote. 
And  as  to  the  Excentricities  of  the  fun  and  moon,  it 
is  thought  they  are  fufficiently  proved,  both  from  eclip- 
fes,  from  the  moon’s  greater  and  lefs  parallax  at  the 
fame  diftance  from  the  zenith,  and  from  the  fun’s  con- 
tinuing longer  by  8 days  in  the  northern  hemifphere 
than  in  the  fouthern  one. 

Excentricity,  in  the  New  AJlronomy,  is  the  dif- 
tance CS  betw^een  the  fun  S and  the  centre  C of  a 
planet’s  orbit ; or  the  diftance  of  the  centre  from  the 
focus  of  the  elliptic  orbit  j called  alfo  the  Simple  or 
Single  Excentricity. 

V^hen  the  greateft  Equation  of  the  centre  is  given, 
the  Excentricity  of  the  earth’s  orbit  may  be  found  by 
the  followdng  proportion  ; viz, 

As  the  diameter  of  a circle  in  degrees. 

Is  to  the  diameter  in  equal  parts  ; 

So  the  greateft  equat.  of  the  centre  in  degrees, 

To  the  Excentricity  in  equal  parts.  Thus, 

Greateft  equat.  of  the  cent,  33'^”  i®*9258333  &c. 

Thediam.  of  acirc.  being  i,  itscircumf.  is  3’i4i5926. 
Then  3*1415926  : i ::  360°:  1 14°*59 15609  diam.  in  deg. 

And  ii4*59H^‘^9  ^'9^5^333  * 0*01 6806, theEx 

Hence, 
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Hence,  by  addingthis  to  i,  and  fiibtradting  it  from  i, 
gives  I *016806  AS  the  aphelion  diftance, 
and  0*983194  rr  BS  the  perihelion  diftance. 

See  Robertfon’s  Eleni.  of  Navig.  book  5",  pa.  286. 

Other'zuifey  thus  : Since  it  is  found  that  the  fun’s 
greateft  apparent  femi-diameter  is  to  his  lead,  as 
32'  43^/  to  31/  38",  or  as  1963"  to  1898"'  ; the  fun’s 
greateft  diftance  from  the  earth  will  be  to  his  leaft,  or 
AS  to  SB,  as  1963  to  1898  ; of  which, 
the  half  dif.  is  32k  = CS, 
and  half  lum  1930I  CB  ; wherefore, 
as  193*^1  • 3^;v  .* : I : *016835  — the  Excentricitv, 
to  the  mean  diftance  or  femi-axis  i j which  is  nearly  the 
fame  as  before. 

The  Excentricities  of  the  orbits  of  the  feveral  pla- 
nets,^  in  parts  of  their  own  mean  diftances  loco,  and 
alio  in  Englifh  mile 
city  of  the  orbit  of 

Mercuiy  - - 

Venus 

Earth  - - 

Mars 
Jupiter 
Saturn 

Georp'ian  - - 


arc  as  below, 

viz,  the  Ex 

Paris. 

Miles. 

2 10  - - 

7,730,000 

7 “ - 

482,000 

1 

1 

1 ,61  8,000 

93  - 

1 3,486,000 

48  - - 

23,760,000 

55  - - 

49,940,000 

47l  - - 

8641)00,000 

Double  ItrXCENTRiciTY,  is  the  diftance  between  the 
two  foci  of  the  elliptic  orbit,  and.  is  equal  to  double  the 
Single  Excentricity  above  given. 

in  Arithmietic,  is  the  bartering  or 
exchanging  the  money  of  one  place  for  that  of  another  ; 
or  the  finding  what  quantity  of  the  money  of  one  place 
is  equal  to  a given  fum  of  another,  according  to  a given 
courfe  of  exchange. 

ft  he  feveral  operations  in  this  cafe  are  only  different 
applications  of  the  Rule  of  Three.  See  moil  books  of 
Arithmetic. 

ylrhltrcitlon  of  Exchange,  is  the  method  of  remit- 
ting to,  and  drawing  upon,  foreign  places,  in  fuch  a 
manner  as  fhall  turn  out  the  moft  profitable. 

Arbitration  is  either  Simple  or  Compound. 

Simple  Arbitration  refpedts  three  places  only.  Elere, 
by  comparing  the  par  of  arbitration  between  a firft  and 
fecond  place,  and  between  the  ift  and  a 3d,  the  rate  be- 
tween the  2d  and  3d  is  difeovered  ; from  whence  a ptr- 
fon  can  judge  how  to  remit  or  draw  to  the  moft  advan- 
tage, and  to  determine  what  that  advantage  is. 

Compound  Arbitration  refpedls  the  cafes  in  wjiich  the 
exchanges  among  three,  four,  or  more  places  are 
concerned.  A perfon  who  knows  at  what  rate  he  can 
draw  or  remit  directly,  and  alfo  has  advice  of  the  courfe 
of  exchange  in  foreign  parts,  may  trace  out  a path  for 
circulating  his  money,  through  more  or  fewer  of  fuch 
places,  and  alio  in  fuch  order,  as  to  make  a benefit  of 
his  flcill  and  credit.:  and  in  this  lies  the  gveat  art  of  fuch 
negociations.  See  my  Arithmetic,  pa.  105,  &c. 

EXCURSION,  in  Aftronomy.  See  Elonga- 
tion. 


Circles  of  7.  xcursion.  See  Circles. 

EXEGESIS,  or  Exegetica,  in  Algebra,  is  the 
finding,  either  in  nmubers  or  lines,  the  roots  of  the 
equation  of  a problem,  according  as  the  problem  is 
either  numeral  or  geometrical. 

1 


EXHALATION,  a fume  or  fleam  Exhaling,  or 
ifTuing,  from  a body,  and  diffufing  itfelf  in  the  atrno- 
fphere. 

^ The  terms  Exhalation  and  Vapour  are  often  ufed  in- 
differently ; but  the  more  accurate  writers  diftinguifli 
them,  appropriating  the  term  Vapour  to  the  moift 
fumes  railed  from  water  and  other  liquid  bodies ; and 
the  term  Exhalation  to  the  dry  ones  emitted  from  fohd 
bodies ; as  earth,  fire,  minerals,  &c.  In  t,his  fenfe, 
Exhalations  are  dry  'and  fubtle  corpufcles,  or  effluvia, 
loolened  from  hard  terreftrial  bodies,  either  by  the 
heat  of  the  fun,  or  the  aflion  of  the  air,  or  fome  other 
caufe  : being  emitted  upwards  to  a certain  height  in 
the  atmofphere,  ^^'llere,  mixing  with  the  vapours,  they 
help  to  conftitute  clouds,  and  return  back  in  dews, 
mills,  rains,  8cc. 

Sir  Ilaac  Ne^'ton  thinks,  that  true  and  perma- 
nent air  is  formed  from  the  Exhalations  raifed  from  the 
hardeft  and  moftcompaCf  bodies. 

EX  El  A US  TED  Receiver,  is  a glafs,  or  other  vef- 
fel,  applied  on  the  plate  of  an  air-pump,  to  have  the 
air  extracted  out  of  it  by  the  Vv'orking  of  the  pump.. — . 
ft’hmgs  placed  in  fuch  an  Exhaufted  Receiver,  are  faid 
to  be  in  vacuo, 

EXEIAUSTIONS,  or  the  Method  of  Exhausti- 
ons, a method  of  demonftration  founded  upon  a kind 
ofltxhaufting  a quantity  by  continually  taking  away 
certain  parts  of  it. 

ft^'lie  method  of  Exhauftions  \\tis  of  frequent  ufe 
among  the  ancient  mathematicians  ; as  Euclid,  Archi- 
medes, Src.  It  is  founded  on  what  Euclid  fays  in  the 
I oth  book  of  his  Elements  ; viz,  that  thofe  quantities 
are  equal,  whofe  difference  is  lefs  than  any  alfignable 
quantity.  Or  thus,  two  quantities  A and  B are  equal,, 
when,  if  to  or  from  one  of  them  as  A,  any  other 
quantity  as  d be  fubtradted,  however  fmall  it  be,  then 
the  fum  or  difference  is  refpedlivciy  greater  or  lefs  than 
the  other  quantity  B ; viz,  d being  an  indeftnitely 
fmall  quantity, 

if  A d-  d be  greater  than  B, 

and  A.  — d lefs  than  B, 
then  is  A equal  to  B. 

ftfflis  principle  is  ufed  in  the  ift  prop,  of  the  rotli 
book,  which  imports,  that  if  from  the  greater  of  two 
quantities  be  taken  more  than  its  half,  and  from  the  re- 
mainder more  than  its  half,  and  fo  on  ; there  v.u'll  at 
length  remain  a quantity  lefs  than  either  of  thofe  pro- 
pofed.  On  this  foundation  it  is  demonftrated,  that  if  a 
regular  polygon  of  infinite  fides  be  iiifcribcd  in  a circle, 
or  clrcumfcribed  about  it  ; then  the  fpace,  which  is  the 
difference  between  the  circle  and  the  polygon,  will  by 
degrees  be  cTiiite  exhaufted,  and  the  circle  become  ulti- 
mately equ:  1 to  the  polygon.  And  in  this  way  it  is 
that  Archimedes  demonftrates,  that  a circle  is  equal  to 
a right-angled  triangle,  whofe  two  fides  about  the  right 
angle,  are  equal,  the  one  to  the  femidlameter,  and 
the  other  to  the  perimeter  of  the  circle.  Prop,  i De 
Dimenlione  Circuli. 

Upon  the  Method  of  Exhauftionsdepends  the  Method 
of  Indlvifioles  introduced  by  Cavalerius,  which  is  but  a 
ftiorter  way  of  exprefling  the  method  of  Exhauftions  ; as 
alio  allis’s  Aritlimetic  of  Infinites,  which  is  a farth.er 
improvement  of  the  Method  of  Indlvifibles  ; and  hence 
aJfo  the  Methods  of  Increments,  Differentials,  Fluxions, 

and 
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and  Infinite  Scries 


See  fome  account  of  tlie  Method 
of  Exhauitions  in  Wallis’s  Algebra,  chap.  73,  and  in 
Ronayne’s  Algebra,  part  3,  pa.  395. 

EXPANSION,  is  the  dilating,  ftretching,  or 
fpreadrng  out  of  a body ; whether  from  any  external 
caufe,  as  the  caufe  of  rarefaclioii,  or  from  an  internal 
caufe,  as  elafticity.  Bodies  naturally  expand  by  heat 
beyond  their  dimenfionG  when  cold  ; and  hence  it  hap- 
pens that  their  dimeniions  and  fpecific  gravities  are  dif- 
ferent in  different  temperatures  and  feafons  of  the  year. 
Air  comprefTed  or  condenfed,  as  foon  as  the  compreffing 
or  condenfing  force  is  removed,  expands  itfelf  by  its 
claftic  power  to  its  former  dimenfions. 

In  fome  few  cafes  indeed  bodies  feem  to  expand  as 
they  grow  cold,  as  rvater  in  the  a6f  of  freezing  : but  it 
feems  this  is  owing  to  the  extrication  of  a number  of  air 
bubbles  from  the  fluid  at  a certain  time  ; and  is  not-  at 
all  a regular  and  gradual  expanfion  like  that  of  metals, 
&c,  by  means  of  heat.  Mr.  Boyle,  in  his  Hiftory  of 
Cold,  fays  that  ice  takes  up  one  12th  part  more  fpace 
than  water  ; but  by  Major  Williams’s  experiments  on 
the  force  of  freezing  water,  I have  found  it  occupies 
but  about  the  17th  or  i8th  part  more  fp'ace*  Tranfac. 
of  the  R.  Soc.  of  Edinb.  vol.  2,  pa.  28.  In  certain  me- 
tals alfo,  an  Expanfion  takes  place  when  they  pafs  from 
a fluid  to  a folid  flate  : but  this  too  is  not  to  be  ac- 
counted any  proper  effeA  of  cold,  but  of  the  arrange- 
ment of  the  pai'ts  of  the  metal  in  a certain  luanner  ; and 
is  therefore  to  be  accounted  a kind  of  cryflallization, 
rather  than  any  thing  elfe. 

The  Expanfion  of  different  bodies  by  heat  is  very 
various  ; and  many  experiments  upon  it  are  to  be  met 
■with  in  the  volumes  of  the  Philof.  Tranf.  and  elfewhere. 
In  the  48th  vol.  in  particular,  Mr.  Smeaton  has  given 
a table  of  the  Expanfion  of  many  different  fiibllances,  as 
determined  by  experiment,  from  which  the  following 
particulars  are  extra£led.  Where  it  is  to  be  noted, 
that  the  quantities  of  Expanfion  which  anfwer  to 
180  degrees  of  Fahrenheit’s  thermometer,  are  expref- 
fed  in  ten-thoufandth  parts  of  an  Englifn  inch,  each 
fubftance  being  i foot  or  12  inches  in  length. 

White  glafs  barometer  tube  - - - 100 

Martial  regulus  of  antimmny  - - - 130 

Bliftered  fleel  - - - - 138 

Hard  fleel  - - - - 147 

Iron  - - - - - 15 1 

Bifmuth  " - - -167 

Copper  hammered  - - - 204 

Copper  8 parts,  mixed  with  i of  tin  - - 218 

Caflbrafs  - - - - - 225 

Brafs  16  parts,  with  tin  i - - - 229 

Brafs  wire  - - - - 232 

Speculum  metal  - - - 232 

Spelter  folder,  viz.  brafs  2 parts,  zink  i - 247 

Fine  pewter  - - - - 274 

Grain  tin  _ , - - 298 

Soft  folder,  viz.  Icsd  2,  tin  i - - 301 

Zink  8 parts,  tin  1,  a little  hammered  - 323 

Lead  - - ' - - . 

Zink  or  Spelter  - - " " 353 

Zink  hammer’d  * an  inch  per  foot  - - 373 

By  other  experiments  too  it  has  been  found  that,  for 
jcach  degree  of  heat  of  the  thermometer,  mercury,  wa- 
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ter,  and  air,  expand  by  the  following  parts  of  tkek 
own  bulk,  viz, 

Mercury  the  9600th  I 

W ater  the  6666th  I part  of  its  bulk® 

Air  the  435th  J 

From  the  foregoing  table  it  appears,  that  thei-e  is  no 
general  rule  for  the  degree  of  Expanfion  to  which 
bodies  are  fubjeft  by  the  fame  degree  of  beat,  either 
from  their  fpecific  gravity  or  otherwife.  Zink,  which 
is  much  lighter  than  lead,  expands  more  with  heat  ^ 
while  glafs,  which  is  lighter  than  either,  expands  much 
lefs  ; and  copper,  which  is  heavier  than  a mixture  of 
brafs  and  tin,  expands  lefs. 

It  feems  too  that  metals  obferve  a proportion  of  Ex- 
panlion in  a fluid  flate,  quite  different  from  what  they 
do  in  a folid  one  : For  regains  of  antimony  feemed  to 
flirink  in  fixing,  after  being  melted,  confiderably  more 
than  zink. 

But  of  all  known  fubflances,  thofe  of  the  aerial  kind 
expand  mofl  by  an  equal  degree  of  heat  ; and  in  general 
the  greater  quantity  of  latent  heat  that  any  fubllance 
contains,  the  more  eafily  is  it  expanded  ; though  even 
here  no  general  rule  can  be  formed.  It  is  indeed  cer- 
tain that  the  denfefl  fluids,  fuch  as  mercury,  oil  of  vi- 
triol, &c,  are  lefs  expanfible  than  water,  fpirit  of  wine, 
or  ether.  Which  lall  is  fo  eafily  expanded,  that  were 
it  not  for  the  preffure  of  the  atmofphere  it  would  be  in  a 
continual  Hate  of  vapour.  And  indeed  this  is  the  cafe, 
in  fome  meafure,  with  perhaps  all  fluids  ; as  it  has  been 
found,  by  experiments  with  the  bell  air-pum.ps,  that 
water,  and  other  fluids,  afcend  in  vapours  the  more  as 
the  exhauflion  is  the  more  perfebl  ; from  which  it 
would  feem  that  v/ater  would  v/holly  rife  in  vapour,  in 
any  temperature,  if  the  preffure  of  the  atmofphere  was 
entirely  taken  off. 

After  bodies  are  reduced  to  a vaporous  flate,  their 
Expanfion  feems  to  go  on  without  any  limitation,  in 
proportion  to  the  degree  of  heat  applied  ; though  it 
may  be  impofiible  to  fay  wFat  would  be  the  ultimate 
effefls  of  that  principle  upon  them  in  this  way.  The 
force  with  which  thefe  vapours  expand  on  the  applica- 
tion of  high  degrees,  is  very  great ; nor  does  it  appear 
that  any  obflacle  whatever  is  infuperable  by  them. 

On  this  principle  depend  the  fleam  engines,  fo  much 
ufed  in  various  mechanical  operations  ; likewife  fome 
hydraulic  machines  ; and  the  inflrum.ents  called  mano- 
m.eters,  which  fhew  the  variation  of  gravity  in  the  ex- 
ternal atmofphere,  by  the  expanfion  or  condenfation  of 
a fmall  quantity  of  air  confined  in  a proper  velfel.  On 
this  principle  alfo,  perpetual  movements  might  be  con- 
ftrudled  fimilar  to  thofe  invented  by  Mr.  Coxe,  on  the 
principle  of  the  barometer.  And  a variety  of  other 
curious  machines  may  be  conftru6led  on  the  principle  of 
aerial  expanfion  ; an  account  of  fome  of  which  is  given 
under  Hydrostatics  and  Pneumatics. 

On  the  principle  of  the  Expanfion  of  fluids  are  con- 
flrufled  Thermometers.  And  for  the  effefls  ofthe  differ- 
ent Expanfioiis  of  metals  in  correfling  the  errors  of 
machines  for  meafuring  time,  fee  the  article  Pendu- 
lum. 

The  Expanfion  of  folid  bodies  is  meafured  by  an  in- 
flriiment  called  the  Pyrometer  ; and  the  force  with 
which  they  expand  is  flill  greater  than  that  of  aerial  va- 
pours ; the  flame  of  a farthing  candle  produces  an 
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l^xpanrion  m a bar  of  iron  capable  of  counterafting  a 
weight  of  500  pounds.  The  quantity  of  expaniion 
however  is  fo  fmall,  that  it  has  never  been  applied  to  the 
movement  of  any  mechanical  engine. 

EXPECTATION,  in  the  Do6lrine  of  Chances,  is 
applied  to  any  contingent  event,  upon  the  happening 
of  which  fome  benefit  &c  is  expefted.  This  is  capa- 
ble of  being  reduced  to  the  rules  of  computation:  fora 
fum  of  money'-  in  Expectation  when  a particular  event 
happens,  has  a detenninate  value  before  that  event  hap- 
pens. Thus,  if  a perfon  is  to  receive  any  fum,  as  lol, 
when  an  event  takes  place  which  has  an  equal  chance  or 
probability  of  happening  and  failing,  the  value  of  the 
Expectation  is  half  that  fum  or  5I.  : but  if  there  are 
3 chances  for  failing,  and  only  i for  its  happening,  or 
one  chance  only  in  its  favour  out  of  all  the  4 chances  ; 
then  the  probability  of  its  happening  is  only  i out  of 
4,  or  ly  and  the  value  of  the  Expectation  is  but  | of 
lol.  which  is  only^  2I.  los.  or  half  the  former  fum.  And 
in  all  cafes,  the  value  of  the  Expectation  of  any  fum  is 
found  by’-  multiplyn’ng  that  fum  by  the  fradtion  expref- 
fing  the  probability  of  obtaining  it.  So  the  value  of 
the  Expedtation  on  lool.  when  there  are  3 chances  out 
cf  5 for  obtaining  it,  or  when  the  probability  of  ob- 
taining it  is  -jy  is  j-  of  lOol.  which  is  60I.  And  if  s be 
any-  fum  expedted  on  the  happening  of  an  event,  /?  the 
chances  for  that  event  happening,  and  ^ the  chances  for 
its  falling  ; then,  there  being  /j  chances  out  oi  J -{■  h for 

its  happening,  the  probability  will  be  and  the 
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See  Simpfon’s 


raluc  of  the  cxpedlation  is^--j  x x. 

orEe  Moivre’s  Dodfrine  of  Chances. 

Expectation  Lfcy  in  the  Dodfrine  of  Life  An- 
nuities, is  the  (hare,  or  number  of  years  of  life,  which 
a pcifon  of  a given  age  may,  upon  an  equality  of  chance, 
cxpedl  to  enjoy. 

By  the  Expedlation  or  (hare  of  life,  fays  Mr.  Simp- 
fon  (Seleift  Exercifes  pa.  273),  is  not  hereto  be  un- 
tlerflood  that  particular  period  which  a perfon  hath  an 
equal  chance  of  furviving  ; this  la  ft  being  a different, 
and  more  fimple  confideration.  The  Expedfation  of  a 
life,  to  put  it  in  the  moll  familiar  light,  may  be  taken 
as  the  number  of  y'ears  at  which  the  purchafe  of  an  an- 
nuity, granted  upon  it,  without  difeount  of  moneyq 
ought  to  be  valued.  Which  number  of  years  will  dif- 
fer more  or  lefs  from  the  period  above-mentioned,  ac- 
cording to  the  different  degrees  of  mortality  to  which  the 
feveral  ftages  of  life  are  incident.  Thus  it  is  much  more 
than  an  equal  chance,  according  to  the  table  of  the  pro- 
bability of  the  duration  of  life  (p.  254  ut  fupra), 
that  an  infant,  juft  come  into  the  world,  arrives  not 
to  the  age  of  10  years  ; yet  the  Expedlation  or 
fhare  of  life  due  to  it,  upon  an  average,  is  near  20 
years.  The  reafon  of  which  w’ide  difference,  is  the 
great  excefs  of  the  probability'  of  mortality  in  the  firft 
tender  years  of  life,  above  that  refpedling  the  more 
mature  and  ftronger  ages.  Indeed  if  the  numbers  that 
die  at  every  age  were  to  he  the  fame,  the  two  quanti- 
ties above  fpecllled  would  alfo  be  equal  ; but  when  the 
laid  numbers  become  continually  lefs  and  lefs,  the  Ex- 
jpedlation  muft  of  coniequeace  b,e  the  greater  of  the 
tv,o. 
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Mr.  Simpfon  has  given  a table  and  rule  for  finding' 
this  Expectation,  pa.  255  and  273  as  above.  Thus, 


A Tabic  of  the  Txrf.cTATiOKS  of  L.fe  h 

1 London* 

Age 

Expedation 

I Age 

ExpCsftaUon 

Age 

ExpeClatioft 

I 

27*0 

I 28 

24*6 

55 

14*2 

2 

32-0 

29 

24*1 

5^’ 

13-8 

3 

34-0 

' 10 

23*6 

57 

i3'4 

4 

3< 

23-1 

13-1 

5 

36-0 

* 32 

227 

59 

127 

6 

36-0 

' h 

22*3 

60 

I 2*4 

/ 

35-8 

i 34 

21*9 

61 

12*0 

8 

35*^ 

1 35 

2 1*5 

62 

1 1 *6 

9 

35*2 

: 36 

2 1*1 

f'3 

I 1*2 

10 

34-S 

37 

207 

64 

10*8 

1 1 

34*3 

3« 

20*3 

^5 

107 

12 

33'7 

39 

19*9 

66 

lO'I 

13 

33*1 

40 

19-6 

67 

9-8 

14 

32*5 

41 

19*2 

68 

9'4 

15 

31*9 

42 

i8'8 

69 

9*1 

16 

31*3 

43 

1 8 *5 

70 

8*8 

17 

307 

44 

i8*i 

71 

8*4 

18 

30-1 

45 

17*8 

72 

8*1 

19 

297 

46 

17*4 

73 

7-8 

20 

28-9 

47 

17-0 

74 

7*5 

2 1 

28-3 

48 

167 

75 

7*2 

22 

277 

49 

1 6*3 

76  1 

6-8 

23 

27*2 

50 

1 6*0 

77 

6-4 

24 

26*6 

51 

15*6 

78 

6*0 

25 

26*1 

52 

15*2 

79 

57 

26 

25*6 

53 

14-9 

80 

5*0 

27 

25’I 

54 

^4*5 

For  Example,  if  it  be  required  to  find  the  Expefla- 
tion  or  fhare  of  life,  due  to  a perfon  of  30  years  old. 
Oppofite  the  given  age  in  the  firft  column  of  the  tabic, 
Hands  23*6  in  the  fecond  col,  for  the  yxars  in  the  Ex- 
pectation fought. 

See  De  Moivre’s  Doctrine  of  Chances  applied  to  the 
Valuation  of  Annuities,  p.  288  ; or  Dr.  Price’s  Ob- 
fervations  on  Reverfionary  Payments,  p.  168,  364, 
374,  <S<:c  ; or  Philof.  Tranf.  vol.  59,  p.  89. 

EXPERIMENT,  in  Phihffophy,  a trial  of  the 
effect  or  refult  of  certain  applications  and  motions  of 
natural  bodies,  in  order  to  difeover  fomething  of  their 
laws  and  relations,  &c. 

The  making  of  experiments  is  gi'own  into  a kind  of 
art  ; and  there  are  now  many  collections  of  them,  moftly 
under  the  denomination  of  Courfes  of  Experimen- 
tal Philofophy.  Sturmius  made  a curious  colledtion  of 
the  principal  Difeoveries  and  Experiments  of  the  laft 
age,  under  the  title  of  Collegium  Experimentale.  Other 
Courfes  of  Experiments  have  been  publiflied  by  Grave- 
fande,  Defaguliers,  Helfham,  Cotes,  and  others. 

EXPERIMENTAL  Phllafophyy  is  that  which  pro- 
ceeds on  Experiments,  or  which  deduces  the  laws  of 
nature  and  the  properties  and  powers  of  bodies,  and 
their  actions  upon  each  other,  from  fenfible  Experiments 
and  obfervatlons. 

Experiments  are  of  the  utmoft  Importance  in  uhilo- 
fophy  ; and  the  great  advantages  the  rooclern  phyjics 
3 N have 
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kave  over  the  ancient,  iii  chiefly  owing  to  this,  viz,  that 
wc  abound  much  more  in  Experiments,  and  that  we 
make  more  ufe  of  the  Experiments  we  have.  The  me- 
tliod  of  the  ancients,  was  chiefly  to  begin  with  the 
caufes  of  thimxs,  and  thence  arp-iie  to  the  •ohenomeria 
an.d  efiecfs  ; 011  the  contrary,  that  of  the  moderns  pro- 
ceeds from  Experiments  and  Obfervations,  from  whence 
the  properties  and  laws  of  natural  things  are  deduced, 
and  general  thee  vies  are  formed. 

Several  of  the  ancients  indeed  thought  as  highly  of 
Experiments  as  tlie  moderns,  and  pradtifed  them  alfo, 
Plato  omits  no  occafion  of  fpeaking  of  the  advantages 
of  them ; and  Arillotle’s  hiilory  of  animals  bears  am- 
ple teftimony  for  Democritus’s  great  employment 

was  to  make  experiments  ■,  and  even  Epicurus  liimfclf 
owes  part  of  his  glory  to  the  fame  caufe. 

Among  the  moderns,  the  making  of  Experiments 
was  chiefly  begun  by  Ehiar  Bacon,  in  the  13th  century, 
wTo  it  feems  ipent  a great  deal  of  money  and  labour  in 
this  way.  After  him,  the  lord  chancellor  Bacon  is 
looked  upon  as  t'iie  founder  of  the  prefent  mode  of 
philofophifmg  by  Experiments.  And  his  method  has 
been  profecuted  with  laudable  emulation  by  the  Aca- 
demy del  Cimento,  the  Royal  Society,  the  Royal 
Academy  at  Paris  ; by  Mr.  Boyle,  and,  over  all,  by  Sir 
Ifaac  Nev/ton,  with  many  other  illuftrious  names. 

‘ Indeed,  Experiments,  within  the  lalf  century,  are 
come  fo  much  into  vogue,  that  nothing  will  pafs  in 
philofophy,  but  what  is  either  founded  on  Experiments, 
or  confirmed  by  them  ; fo  that  the  new  philofophy  is 
almofl:  wholly  Experimental. 

Yet  there  are  fome,  even  among  the  learned,  who 
fpeak  of  Experiments  in  a different  manner,  or  perhaps 
rather  of  the  abufe  of  them,  and  in  derifion  of  the  pre- 
tenders to  this  practice.  Thus,  though  Dr.  Keil  al- 
ow s that  philofophy  has  received  very  confiderable  ad- 
vafttages  from  the  makers  of  Experiments  j yet  he  com- 
plains of  their  difingenuity,  in  too  often  wrefting  and 
difforting  their  Experiments  and  Obfervations  to  favour 
fome  darling  theories  they  had  efpoufed.  Nay  more, 
M.  Hartfoeker,  in  his  Recueil  de  plufieurs  Pieces  de 
Phyfique,  undertakes  to  ihew,  that  fucli  as  employ 
themielves  in  the  making  of  Experiments,  are  not 
properly  philofophers,  but  as  it  were  the  labourers  or 
operators  of  p]iilofop>hers,  that  work  under  them,  and 
for  them,  furnifldng  them  with  materials  to  build  their 
fyftems  and  hypothefes  upon.  And  the  learned  M. 
Dacier,  in  the  beginning  of  his  difeourfe  on  Plato,  at 
the  head  of  his  tranflation  of  the  works  of  that  philo- 
fopher,  deals  ftill  more  feverely  with  the  makers  of  Ex- 
periments. He  breaks  out  with  a kind  of  indignation 
at  a tribe  of  idly  curious  people,  whole  foie  employ- 
ment confillsin  making  Experiments  on  the  gravity  of 
the  air,  the  equilibrium  of  fxuids,  the  loadllone,  &c, 
and  yet  arrogate  to  themfelves  the  noble  title  of  philo- 
fophers. But  his  honeft  indignation  would  have  ex- 
ceeded all  bounds,  had  he  lived  to  fee  the  contemptible 
fall  of  one  of  the  principal  focieties  above-mentioned  ; 
while  its  members  firll  amufe  themfelves  with  mag:neti- 
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cal  conundrums,  fpinning  eledfrical  wheels,  torturing 
the  unfeen  and  unknown  phlogiffic  particles  ; and  fi- 
nally polluting  the  fource  of  fcience,  and  the  ft  reams  of 
wiidom,  with  the  folly  of  hunting  after  cockle- fliells, 
caterpillars,  and  butterflies  1 
I 


EXPLOSION,  a fudden  and  violent  expanfion  of 
an  elailic  fluid,  by  which  it  iuftantly  throws  off  any 
obilacle  that  happens  to  be  in  the  way,  fometimes  with 
afionifhing  force  and  rapidity,  as  the  Explofion  of  fired 
gun-pow'der,  &c.  • 

Elxplofion  differs  from  expanfion,  in  that  the  latter  is 
a gradual  and  continued  power,  adting  uniformly  for 
fome  certain  time  ; whereas  the  former  is  always  fud- 
den, and  only  of  momentary  or  immenfurably  fliort  du- 
ration. The  expanlions  of  folid  fiibftances  do  not  ter- 
minate in'  violent  explofions,  on  account  of  their  fiow- 
nefs,  and  the  fmall  Ipace  through  which  the  expand- 
ing fubfcance  moves  ; though  their  fl.rength  may  be 
equally  great  with  that  of  the  moil  adlive  aerial  fluids. 
Thus  we  find  that  though  wedges  of  wood,  -wheii 
rvetted,  will  cleave  folid  blocks  of  ftorie,  they  never 
throw  them  to  any  diilance,  as  is  the  cafe  with  gun- 
powder. On  the  other  hand,  it  is  feldom  that  the 
expanfion  of  any  elailic  fluid  burils  a folid  iubftance 
without  throwing  the  fragmients  of -it  to  a confiderable 
diilance,  with  efiedls  that  are  often  very  terrible. 

The  moil  part  of  explofivq  fubilances  are  either  aerial, 
or  convertible  into  fuch,  and  raifed  into  an  elailic  fluid. 
Thus  gun-powder,  whofe  effence  feems  to  confiil  in 
common  air  fixed  in  the  nitre,  or  at  ieail  an  air  of  fimi- 
lar  elafticity,  where  it  is  condenfed  into  a bulk  many 
hundred  times  lefs  than  the  natural  Hate  of  the  atmo- 
fphere  ; which  air  being  fuddenly  difengaged  by  the 
firing  of  the  gun-powder,  and  the  decompofition  of  its 
parts,  it  rapidly  expands  itfelf  again  with  a force 
proportioned  to  the  degree  of  its  condenfation  when 
fixed  in  the  gun-powder,  and  fo  explodes,  and  pro- 
duces all  thefe  temble  effedls  that  attend  the  explofion. 
The  elailic  fluid  generated  by  the  fired  gun-powder  ex-^ 
pands  itfelf  with  a velocity  of  about  10,000  feet  pier  fe- 
cond,  and  with  a force  more  than  1 000  times  greater 
than  the  preffure  of  the  atmofpliere  on  the  fam.e  bafe. 

The  Eledtric  Explofions  feem  to  be  ftill  much  more 
ffrong  and  aftonifhing  ; as  in  the  cafes  of  lightning, 
earthquakes,  and  volcanoes  ; and  even  in  the  artificial 
eledtricity  produced  by  the  ordinary  machines.  The  af- 
tonilhing  ftrength  of  eledlric  explofions,  which  is  be- 
yond all  poffible  means  of  meafuring  it,  manifeils  itfelf 
by  the  many  tremendous  effedts  we  hear  of  fire-balls 
and  lightning. 

In  cafes  where  the  electric  matter  adts  like  comunon 
fire,  the  force  of  the  explofions,  though  very  great,  is 
capable  of  meafurement,  by  comparing  the  diftances 
to  which  bodies  are  thrown,  with  their  weight.  This  is 
moil  evident  in  volcanoes,  where  the  projections  of  the 
turning  rocks  and  lava  manifeft  the  greatnefs  of  the 
power,  at  the  famiC  time  that  they  afibrd  a method  of 
meafuring  it  : and  thefe  explofions  are  owing  to  the 
extrication  of  aerial  vapours,  and  their  rareiadtion  by 
intenfe  heat. 

Next  in  ftrength  to  the  aerial  vapours,  are  thofe  of 
aqueous  and  other  liquids.  Very  remarkable  eftedls  of 
thefe  are  obferved  in  'ileam-engines  ; and  there  is  one 
cafe  from  which  it  has  been  inferred  that  aqueous  fteam 
is  even  vaftly  ftronger  than  fired  gun-pow^r.  This  is 
when  water  is  throvvm  irpon  melted  copper  : for  here 
the  explofion  is  fo  llrong  as  almoil  to  exceed  imagina- 
, tion  ; and  the  moft.  terrible  accidents  have  happened, 
even  from  fo  flight  a caufe  as  one  of  the  workmen  fpit- 
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>ing  k the  furnace  where, copper  v/aa  meltings  ari- 
fing  probabfy  from  a fudden  decompodtion  of  ,tijc  wa  - 
ter/ 'Explononi  happen  alfo  from  the  application  of 
water  to  other  melted  metals,  though  in  n lower  de- 
gree, when  the  fluid  is  applied  in  imall  quantities?,  and 
even  to  common  dre  itfelf,  as  every  perfon’s  own  expe- 
rience miut  have  informed  iiim  ; and  this  feems  to  be 
^iceahoned  by  the  iudden  rarefaction  of  the  water  into 
fleam*  Examples  of  this  kind  often  occur  when  work- 
men are-  fallening  cramps  of  iron  into  llone-s ; where,  if 
there  happen  to  be  a Httlc  water  in  the  hole  into  which 
the  lead  is  poured,  thitj  will  fly  out  in  fuch  a manner  us 
fometimes  to  burn  them  feverely.  Terrible  accidents  of 
this  kind  have  tbmetimes  happened  in  founderies,  whcji 
quantities  of  melted  metal  have  been  poured  into 


large  qua 
wet  or  damp  mouhls. 


In  thefe  cafes,  the  fudden  ex- 


panflonofthe  aqueous  heam  has  thrown  out  the  metal 
with  great  violence  j and  if  any  dccoinpofition  ha*’- 
taken  place  at  the  fame  time,  io  m to  convert  the 
aqueous  vapour  into  an  aerial  one,,  tlic  exploliou  mull 
he  flJll  greater. 

To  this  lail  kind  of  explofjon  muft  be  referred  that 
which  takes  place  on  pouring  cold  water  into  boiling  or 
burning  oil  or  tallow,  or  in  pouring  the  latter  upon  tlie 
former  ; the  water  liowever  being  always  ufed  in  a fmull 
quantity. 

Another  remarkable  kind  of  Explofion  is  that  pro« 
duced  by  inflammable  and  dephlogdlicated  air,  when 
mixed  together,  and  fet  on  nre  j a kind  of  exploflon 
that  often  happens  in  coal  mines,  &c.  Thin  diflers 
from  any  of  the  cafes  before  mentioned  ; for  here  is  an 
abfolute  condenfation  rather  than  an  expanfiontlirough- 
out  the  whole  of  the  operation  ; and  could  the  airs  be 
made  to  take  lire  throughout  their  whole  fubllance  abfo- 
lutely  atthe  fame  inllant,  there  would  be  no  Explofiuii, 
but  only  a fudden  produiftion  of  heat. 

Though  Exploljons  be  fometimes  very  dellriidlive, 
they  are  likewife  of  conflderahle  ufc  in  life,  as  in  re- 
moving ubflacles  that  coukl  fcarccly  be  overcome  by 
<tuy  mechanical  power  whatever,  I'lie  prilieipal  of 
thefe  are  the  blowing  up  of  rocks,  the  feparating  c>f 
ftones  in  quarries,  and  other  purpofes  of  that  kind. 
/The  deflru6tion  occnfioned  by  them  in  times  of  war, 
and  the  machines  formed  upon  the  principle  of  Explo- 
fion  for  the  dcilruC-lion  or  the  human  race,  are  well 
known  j and  if  we  cannot  call  thefe  ufeful,  they  mull 
be  allowed  at  lead  to  be  neccflhry  evils. 


The  effects  of  Explofions,  when  violent,  are  felt  at  n 
confidcruble  diftance,  by  rcafon  of  the  cH)ncu{rionfl  tiiey 
give  to  the  atmofphere.  SirWm.  Hamilton  relates, 
that  at  the  cxploflons  of  VefuviuH,  in  1767,  the  doors 
and  windows  of  the  houfes  at  Naples  fiov  open  if  im- 
. bolted,  and  one  door  was  burfl  open  that  had  been 
locked,  thoiigli  at  the  diliance  of  6 miles : and  the  cx- 
plofion  (T  a powder-magazine,  or  a powder-mill,  it  is 
well  known,  Ipreads  deilru£tion  for  many  miles  round  j 
and  even  kills  people  by  the  mere  conculTion  of  the  air. 
A curious  effedt  of  them  too  ia,  that  they'’  elcdtrify  the 
air,  and  even  glafs  w’indows,  at  a confiderable  diliance. 
This  is  always  obfcrvable  in  flringthe  guns  at  the  Tower 
of  London;  and  fome  years  ago,  after  an  Exploflon 
of  foiire  powder-mills  near  that  city,  many  peojiic  were 
alarmed  by  a rattling  and  breaking  of  their  china-ware, 
in  this  relped  however,  the  effeds  of  ekdrical  Explo- 


fions  are  the  moH  remarkable,  though  not  in  the  ujt. 
common  way  juft  mentioned  ; but  ic  is  certain  that  toe 
influence  of  a flafh  of  lightning  is  diffufed  for  a great 
way  round  the  place  where  the  Explofion  happens,  pro- 
ducing very  perceptible  changes  both  on  the  animcil 
and  vegetable  creation. 

EXPONr-NT  a Poxver^  in  Arithmetic  and  Alge- 
bra, denotes  the  number  or  quantity  cxpreiTiag  the  tic- 
grec  or  elevation  of  the  power,  or  which  fliews  how 
often  a given  power  is  to  be  divided  by  its  root  befere  it 
be  brought  down  to  unity  or  I,  Thus,  the  Exponent 
or  index  of  a fqiuare  number,  or  the  2d  power,  is  2 ; of 
a cube  ^ ; ana  fo  on  ; the  fquare  being  a power  of  tlic 
^d  degree  ; the  cube,  of  a 3d;  &c.  It  is  otherwife 
called  the  Itjdcx. 

Exponents,  as  now'  ufed,  are  rather  of  modem  inven- 
tion,  Diophantus,  with  the  Arabian  and  the  firft  Eur 
ropean  authors,  denoted  the  powers  of  quantities  by 
fubjuining  an  abbreviation  of  the  name  of  the  power; 
I hough  with  fume  variation,  and  difference  from  one 
uuuther.  The  names  of  the  powers,  and  the  marks  for 
denoting  them,  according  t'j  Diophuntiu,  arc  as  fol- 
low : viz, 

NainCfl,  cyva/4tf,  vrv3t,«.cLyxuif, 

Marks,  f 

vv  w 

0 K 

which  w'C  now  denote  by 


K , <i  d 

3cc» 

V V 

K K 


1,  «7,  <7*,  i7®,  5:c. 


E.  Lucas  Paciolus,  or  De  liurgo,  for  the  root, 
fquarc,  cube,  &c,  ufes  the  terms  r<5/h,  cenfo^  cuho^  vela- 
to  (prlmo^  fecundo^  ierdo,  &c),  or  the  abbreviations 
CO,  ce.  cu,  } and  H?  fe>r  root  or  radicality. 

Cardan  ufed  the  I^atin  contractions  of  the  names  of 
tlic  powers  ; and  other  contemporary,  as  well  as  fuc- 
ceeding,  authors,  efpeelally  the  Germans,  as  Stifeliiis, 
Scheubelius,  PelitariuB,  6tc,  ufed  the  like  contradions, 
but  fomew'hat  varied,  as  thus ; 

15)  '^)  .i ) fl ) 35)  /^ ) 5 Cf ) 

or  I,  i?'",  ) tf,  3 a ) y^)  3 cf ) 

or  I,  ]i,y,  (f,  yy,  yi,  yciA  5cc. 

Exp.  O)  I,  2,  3*  d")  Sf  ^)  See. 

But  befldes  that  way,  the  fame  authors  alfo  made  ufc 
of  the  numljcrsas  in  tlie  laft  line  here  above,  and  it  was 
Stifeiius  who  hrll  called  them  by  the  name  ifapo- 
ticnt. 


Bombelli,  whofe  Algebra  was  publifhed  in  1579, 
denotes  the  m,  or  unknown  quantity,  by  tliia  mark 
and  the  powers  by  numeral  Exponents  fet  over  it,  thus; 
d,  d,  -Sec.  And 

Stevinus,  who  piibliflied  his  Arithmetic  in 
and  his  Algel>rd  foon  afterwards,  has  fuch  another  me- 
thod, but  inftead  of  ^ he  ufes  a finall  circle  O,  w-ithin 
w'hich  he  places  tiie  numeral  Exponent  of  the  power; 
thus  0;  (\)i  Q,  &c : and  in  tliis  way  he  extends 
his  notation  to  fradional  ii'.xponents,  and  even  to  radi- 
cal ones;  thus  (p,  0,  &c. 

VIeta  after  this  ufed  words  again  to  denote  the  pow- 
ers. Afterwards  Harriot  denoted  the  powders  by  a repe- 
tition of  the  root ; as  a,  m,  aaaj  for  the  ift,  2d,  and 
^dpow'ers.  Inftead  of  wdiich,  Dos  Cartes  again  reftored 
the  numeral  Exponents,  placing  them  after  the  root, 
when  the  power  is  high,  to  avoid  a too  frequent  repe- 
tition of  the  letter  of  the  root ; us  $<.c,  as  at 
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prefent,  Alfo  Albert  Girard,  in  1629,  ufed  the  Ex- 
ponents to  roots,  thus ; %/j  \/y  &c. 

The  notation  of  powers  and  roots  by  the  prefent 
way  of  Exponents,  has  introduced  a new  and  general 
arithmetic  of  Exponents  or  powers  ; for  hence  powers 
are  multiplied  by  only  adding  their  Exponents,  divided 
by  fubtrafting  the  Exponents,  raifed  to  other  powers, 
or  roots  of  them  extracted,  by  multiplying  or  dividing 
the  Exponent  by  the  index  of  the  power  or  root* — ^ 

So  X zz  a^y  and  x 9 

T i I 

^3  ~ and  ; 

the  2d  power  of  is 
and  the  3d  root  of  is  a^. 

This  algorithm  of  powers  led  the  way  to  the  inven- 
tion of  logarithms,  which  are  only  the  indices  or  Ex- 
ponents of  powers : and  hence  the  addition  and  fub- 
traAion  of  logarithms,  anfwer  to  the  multiplication  and 
divifion  of  numbers  ; while  the  railing  of  powers,  and 
extradfing  of  roots,  is  efFe^dled  by  multiplying  the  lo- 
garithm by  the  index  of  the  powor,  or  dividing  the  lo- 
garithm by  the  index  of  the  root. 

Exponent  of  a Ratioy  is,  by  fome,  underftood  as  the 
quotient  arifing  from  the  divihon  of  the  antecedent  of 
the  ratio  by  the  confequent ; in  which  fenfe,  the  Ex- 
ponent of  the  ratio  of  3 to  2 is  5; ; and  that  of  the  ra- 
tio of  2 to  3 is  I , 

But  others,  and  thofe  among  the  heft  mathemati- 
cians, underftand  logarithms  as  the  Exponents  of  ra- 
tios ; in  which  fenfe  they  coincide  with  the  idea  of 
meafures  of  ratios,  as  delivered  by  Kepler,  Mercator, 
C^otes 

EXPONENTIAL  CaMusy  the  method  of  differ- 
encing, or  finding  the  fluxions  of.  Exponential  quanti- 
ties, and  of  fumming  up  thofe  differences,  or  finding 
their  fluents.  See  Calculus,  Fluxions,  and  Flu- 
ents. ^ , 

Exponential  Curvcy  is  that  whofe  nature  is  defined 
or  exprefied  by  an  Exponential  equation ; as  the  curve 
denoted  by  ==y,  or  by  w*  = y. 

Exponential  Equationy  is  one  in  which  is  contained 
an  exponential  quantity ; as  the  equation  = hy  or 
A’*  = ahy  &c. 

Exponential  Equations  are  commonly  bcfl  refolved 
by  means  of  logarithms,  viz,  firft  taking  the  log.  of  the 
given  equation  ; thus,  taking  the  log.  of  the  equation 
=:  hy  it  is  :>c  X log.  of  a an  log.  of  b ; and  hence 

X = 

Alfo,  the  log.  of  the  equation  = ahy  h x x log, 

X = log.  ah  ; and  then  x is  eafily  found  by  trial-and-er- 
ror,  or  the  double  rule  of  pofition. 

Exponential  ^antity,  is  that  whofe  power  is  a va- 
riable quantity  ; as  the  expreflion  or  w’'. 

Exponential  quantities  are  of  feveral  degrees,  and 
orders,  according  to  the  number  of  exponents  or  pow- 
ers, one  over  another.  Thus, 

is  an  Exponential  of  the  i ft  order, 

y , 

, IS  one  of  the  2d  order, 

z 

7 , 

Is  one  of  the  3d  order,  and  fo  on. 

See  Bernoulli  Open  tom,  i,  pa.  182,  &c« 
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log.  h 
loer.  a 


EXPRESSION,  in  Algebra,  is  any  aigebraicaf 
quantity,  fimple  or  compound ; as  the  exprelfion,  3^^ 

or  2 ahy  or  sf 

EXTENSION,  one  of  the  common  and  eflential 
properties  of  body ; or  that  by  which  it  pofTefTes  or 
takes  up  fome  part  of  univerfal  fpace,  called  the  place  of 
that  body. 

The  extenfion  of  a body,  is  properly  in  every  di- 
redlion  whatever ; but  it  is  ufual  to  confzder  it  as  ex- 
tended only  in  length,  breadth,  and  thicknefs. 

EXTERIOR  Polygoriy  or  Talus,  is  the  outer  or 
circumferibing  one.  See  Polygon  and  Talus. 

EXTERMINATION,  orEXTERMINATING^ 
in  Algebra,  is  the  taking  away,  or  expelling  of  fome- 
thing  from  an  expreflion,  or  from  an  equation  : as  to 
Exterminate  furds,  fraftlons,  or  any  particular  letter  or 
quantity  out  of  equations. 

Thus,  to  take  away  the  fradlional  form  from  this 
, "f"  ah  , 

equation  — =:  j multiply  each  numerator  by 

the  other’s  denominator,  and  the  equation  becomes 
a^d  + Jw®  = zahe'^y  out  of  fradlions. 

Alfo,  to  take  away  the  radicality  from  the  equation 

w*  =2  2Cy  raife  each  to  the  2d  pow'er,  and  it 
becomes  ga^-^gx^  = 41:^. 

For  Exterminating  any  quantity  out  of  equations, 
there  are  various  rules  and  methods,  according  to  the 
form  of  the  equations  ; of  which  many  excellent  fpe- 
cimens  may  be  feen  in  Newton’s  Algebra,  pa,  60, 
ed.  1738;  or  in  Maclaurin’s  Algebra,  part  i,  chap. 
12.  For  example,  to  Exterminate  y out  of  thefe  two 
equations,  a + x =:  h 

and  3^  = 2x-\-y  ; 

fubtrazft  the  upper  equation  from  the  under,  fo  (hall 
there  arlfe  3^— a:  = 2w— then,  by  the  known  me- 
thods of  tranfpofition  &c,  there  is  obtained  4^— 

and  hence  x = ^ 

3 

EXTERNAL  Anghsy  are  the  angles  formed  with- 
outfide  of  a figure,  by  producing  its  fides  out. 

In  a triangle,  any  External  angle  is  equal  to  the  fum 
of  both  the  two  internal  oppofite  angles  taken  together: 
and,  in  any  right-lined  figure,  the  fum  of  all  the  exter* 
nal  angles,  is  always  equal  to  4 right  angles. 

EXTRA-Cow/^f/Z^ry  Starsy  fuch  as  are  not  properly 
included  in  any  conftellation. 

EXTRA-Jf«nJ^«<?  Spaccy  is  the  infinite,  empty,, 
void  fpace,  which  is  by  fome  fuppofed  to  be  extended 
beyond  the  bounds  of  the  univerfe,  and  confequently 
in  which  there  is  really  nothing  at  all. 

EXTRACTION  of  Rootsy  is  the  finding  the  root* 
of  given  numbers,  or  quantities,  or  equations. 

The  roots  of  quantities  are  denominated  from  their 
powers  ; as  the  Iquare  or  2d  root,  the  cubic  or  3d  root, 
the  biquadratic  or  4th  root,  the  5th  root,  &c ; which 
are  the  roots  of  the  2d,  3d,  4th,  5th,  &:c  powers. 
The  Extraction  of  roots  has  always  made  a part  of' 
arithmetical  calculation,  at  leaft  as  far  back  aa  the  com- 
pofition  of  powers  has  been  known  : for-  the  compoli- 
tion  of  powers  always  led  to  their  refolution,  01  Ex- 
traction of  roots,  which  is  performed  by  the  rules  ex- 
actly reverfe  of  the  former*.  Thus,  , if  any  root  be  con- 

fidered 
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fidered  as  confiftm^  of  two  parts  5 + of  which  the 
former  a is  known,  and  the  latter  x unknown,  then  the 
fquare  of  this  root  being  a*  -f-  lax  -f  3c*,  which  is  its 
compofition,  this  indicated  the  method  of  refolution, 
fo  as  to  find  out  the  unknown  part  x ; for  having  fub- 
trailed  the  neareft  fquare  from  the  given  quantity, 

there  remains  lax  or  za  + ;r  x .r  ; therefore  di- 
vide this  remainder  by  2^,  the  double  of  the  firft  mem- 
ber of  the  root,  the  quotient  will  be  nearly  x the 
other  member ; then  to  za  add  this  quotient  x,  and 
multiply  the  fum  za  + x by  a , and  the  product  will 
make  up  the  remaining  part  zax-^-x"^  of  the  given  power. 

The  compofition  of  the  cubic  or  3d  power  next  pre- 
fented  itfelf,  which  confifls  of  thefe  four  terms  a}  + 
-h  4-  x^  ; by  means  of  which  the  cubic  roots 

of  numbers  have  been  extracted  : viz,  by  fubtradting 
the  neareft  cube  from  the  given  power,  dividing 
the  remainder  by  3^^,  which  gives  x nearly  for  the  quo- 
tient; then  completing  the  divifor  up  to  ^a~  -f-  ^a\-  + x^f 
multiply  it  by  x for  the  other  part  of  the  power  to 
be  fubtradled.  And  this  was  the  extent  of  the  hx- 
tradlion  of  roots  in  the  time  of  Lucas  de  jiurgo,  who, 
from  147010  15CO,  wrote  feveral  p.^ces  on  arithmetic 
and  algebra,  which  were  the  firft  works  of  this  kind 
printed  in  Europe. 

It  was  not  long  however  before  the  nature  and  com- 
pofition of  all  the  higher  powers  became  knowm,  and 
general  tables  of  coefficients  formed  for  raihng  them  j 
the  firft  of  which  is  centained  in  Stife’uis^s  aiitl  fnetic, 
printed  at  Norimberg  in  1343,  where  he  fully  ex olains 
their  ufe  in  Extradling  the  roots  of  all  powders  vvhat* 
ever,  by  methods  fimilar  to  thofe  for  the  fquare  and 
cubic  roots,  as  above  deferibed  ; and  thus  completed 
the  Extradlion  of  all  forts  of  roots  of  numbers,  at-Icaft 
fo  far  as  refpe61:s  that  method  of  refolution.  Since  that 
time,  however,  many  new  methods  of  Extra«ftioii  have 
been  devifed,  as  well  as  improvements  made  iu  the  old 
way.- 

The  Extra£Iion  of  roots  of  equations  followed  clofe- 
Xy  that  of  known  iiumber?.  In  De  Burgo^stime  they 
extracted  the  roots  of  quadratic  equations,  the  fame 
way  as  at  prefent,  Ferreus,  Tartalea,  and  Cardan  ex- 
tra£led'  the  roots  of  cubic  equations,  by  general  rules. 
Soon  afterwards  the  roots  of  higher  equations  were  ex- 
tra^ed,  at  leaft  in  numbers,  by  approximation.  And 
the  late  improvements  in  analytics  have  fiirnifhed  gene- 
ral rules  for  Extradling  the  roots,  in  infinite  feries,  of 
all  equations  whatever.  All  which  methods  may.  be 
feen  in  moft  books  of  arithmetic  and  algebra.  Of 
which  it  may  fuffice  to  give  here  a Ihort  fpecimen  of 
fome  of  the  eafieft  rules  for  Extrafling  the  roots  of 
quantities  and  equations,  as  they  here  follow. 

I,  To  ExtraB  the  Square  Root  of  any  Number. — 
Point  off,  or  divide  the  number,  from  the  place  of 
units,  into  portions  of  two  figures 
each,  as  here  of  the  nurti her  99856, 
fetting  a pttint  or  mark  over  the 
fpace  between  each  portion  of  two 
figures.  Then,  beginning  at  the  left 
hand,  take  the  greateft  root  3,  of 
the  firft  part  9,  placing  it  on  the 
right  hand  for  the  firft  figure  of. the 
root,  and  fubtrafling  its  fquare  9 
from  the  fakl  firft  part  3 to  the  rc- 
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mainder,  which  here  Is  o,  bring  down^  the  2d  part- 
98,  and  on  the  left  hand*  of  it  place  6 the  double  of 
the  firft  figure  3,  for  a divifor  ; conceive  a cipher  add- 
ed to  this,  making  it  60,  and  then  divide  the  98  by 
the  60,  the  quotient  is  i for  the  fecond  figure  of  the 
root,  which  is  accordingly  placed  theie,  aiter  the  3, 
alfo  in  the  divifor  after  the  6 and  below  the  fame  ; 
then  multiply  thefe  as  they  ftand,  the  6i  by  the 
and  the  product  61  fet  below  the  98,  and  fubtraft  it 
from  the  fame,  which  leaves  37  for  the  next  remainder ; 
to  this  bring  down  the  3d  period  56,  making  3756  for 
the  next  reiolvend  : then  form  its  divifor  as  l^fore,. 
viz,  doubling  the  root  3 1 , or  adding,  as  they  ftand  in 
the  divifor,  the  i to  the  61,  either  way  making  62, 
which  with  a ciplier  makes  620,  by  which  divnde  the 
refolvend  3756;  the  quotient  of  this  divifion  is  6,  tO‘ 
be  placed,  as  before,  both  as  the  next  figure  of  the 
root,  and  at  the  end  of  the  divifor  62,  and  below  itfelf 
there  ; then  multiply  as  they  ftand  tlie  whole  divifor 
626  by  the  6,  the  produdl  3756  is  exa6fly  the  fame  as  the 
reiolvend,  ind  therefore  the  number  316  is  accurately 
the  fquare  root  of  the  given  number  99856,  as  required* 

When  the  root  is  to  be  carried 
into  cieccimals,  couplets  of  • ci- 
phers are  to  be  added,  inftead  of 
figures,  as  far  as  may  be  wanted. 

In  which  cafe  too,  a good  abbre- 
viation is  made,  alter  the  work 
has  been  carried  on  to  half  the 
number  of  figures,  by  continuing 
it  to  the  other  half  only  by  the 
contracted  way  ot  divifion ; as 
here  in  the  annexed  example  for 
the  fquare  root  of  2 to  eight  de- 
cimals, or  nine  places  of  figures  in 
all. 

II.  To  exlraB  the  cuhk  rcot^  or 
any  other  root  njuhate^er.  This  is 
eafieft  done  by  one  general  rule, 
which  I have  invented,  and  pub- 
llfhed  in  my  TraCts,  voi.  i,  pa, 

49,  which  is  to  this  clfeCt : Let 
N be  any  number  or  power,, 
whofe  oth  root  is  to  be  extracted ; 
and  let.  R be  the  neareft  rational  ^ 

root  of  N,  of  the  fame  kind,  or 

R"  the  neareft  rational  power  to  N,  either  greater  or  lefij 
than  it ; then  lhall  the  true  root  be  very  nearly  equal  to- 

I . N.  + a — X.  R'' 
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X R ; which  rule  is  general  for 

n — I . N + « -f- 1 . R“ 

any  root  whofe  index  is  denoted  by  n.  And  by  ex- 
pounding n fuccclfivtly  by  all  the  numbers  2,  3,  4,  5, 
6cc,  this  theorem  will  give  the  following  particular  rule* 
for  the  feveral  roots,  viz,  the 

2d  or  fqu.  root,  — -z  X R 5 

N+3R 

4^‘E2R^'  _ iN  ft-  _ 

3d  or  cube  root,  - — — x R»or-— x R-J, 

2N4-4R3  ^ 

5NL3R^‘  d 
4th  root  jN+jK*  ^ 

rtb 


“EXT 


5th  root 

- .6N+4R‘ 

4N4-6R5 

6th  root 

Tl 

7N+5R^ 

5N  + 7R^  ’ 

7 th  .foot 

8N4-6R7  . . 

8ic. 

&C. 
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Or  the  theorem  may  be  ftated  in  the  form  of  a propor* 
tion,  thus : 

as  « — I , N + « + 1 . : «~i- 1 , N -f- « — I » : s 

R : the  root  fought  very  , nearly. 

. For  ex.  fuppofe  the  problem  propofed,  of  doubling 
the  cubcj  or  to  find  the  cube  root  of  the  number  2. 
Here  N 2,  « ~ 3,  and  the  neareil  powei'j  and  root 

too,  is  I : 

Hence  2N+R^  =r  4-fi  5, 

and  N + 2R^  ™ 2 + 2 4; 

then  4:5'::  I : 4 1*23:  the  flrft  approximation. 

’ Again,  taking  R.  ™ confeq.  :s::  VV  ' 

" ' Hence  2N+  R^  ==  4 + VV  = W? 

- and  N + 2R^^2  -4  VV  — WJ 
then  378  : 381  4-  • ri-l  — 1*25992 1,  for  the  cube 

root  of  2,  which  is  exad  in  the  very  laft  figure. 

And  again  by  taking  for  the  value  of  R,  a great 
many  more  figures  may  be  found. 

ILL  Td  Extras  the  Roots  of  AJgehralc  ^iantltks,'^ 
This  is  done  by  the  fame  rules,  and  in  the  fame  man- 
ner as  for  the  roots  of  numbers  in  arithmetic,  as  above 
taught.  Thus,  to  Extrad  the  fquare  root  of  + 
szax-fgx'^\ 

-j-  izax-j-gx^  (za^-^x  the  root 

* . 4^3  4- 5*^ 


3.V 


1 2^3.'r -f"  9-^^ 
izax-fgx^ 


So  alfo  the  root  is  carried  out  in  an  infinite  fe- 
ries,  in  imitation  of  the  like  Extraction  of  numbers  in 
Infinite  decimals  : thus,  for  tlie  fquare  root  of  a®  + 
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, &C. 

To  extrad  the  cube  root  of  by  the  general 

rule  in  the  2d  article.---Here  N r=  II  :::s  or 

R3  =r  ^33 . hence  N 4*-  2R3  ™ — ^eVarid  2N  4* 

=r  j therefore,  by  the  rule, 


^ ga>  zfjT-  ^ 

\vhich  ls-the  cube  root  of  very  nearly. 

' But  thefe  forts  of  roots 'are  beft  extraded  by  the  BL 
■nomiai  Theorem  ; which  fee, 

IV,  To  Extmd  the  Roots  of  Equations  >-^Thk  Is  the 
fame  thing  as  to  find  the  value  of  the  unknown  quan- 
tity in  an  equation ; which  is  efteCted  by  various  means, 
depending  on  the  form  of  the  equation,  and  the  height 
of  the  highefl  pov/er  of  the  unknown  quantity  in  it : for 
which,  ice  the  refpedive  terms,  Ei^'fAxiON,  Root, 
Q-’i  ADR  AT  1C,  Cubic,  6cc, 

The  molt  general,  as  well  as  the  moft  eafy,  method 
of  Extrading  the  roots  of  all  equations,  is  by  Doubk 
Pofition,  or  Trial-and-Error  | as  it  eafily  applies  to  all 
forts  of  equations  whatever,  be  they  ever  fo  complex* 
even  logarithmic  and  exponential  ones.  There  are  alfo 
feveral  other  good  methods^  of  approximatmg  to  the 
roots  of  equations,  given  by  Newton,  Halley,  liaphfon, 
He  Moivre,  &e ; of  which  the  rnoft  general  is  a rule 
for  Extrading  the  root  of  the  following  indefinite  equa* 
tion, 

viz,  az  4-  ^ ez^  ^ 4- 

— . oy  4„  t)f  4-  iy^  + hy^  + &C31 

given  by  M.  De  Moivre  in  the  Philof,  Trank  vol,  20. 
p.  190,  or  Abr,  voh  i , pa.  10 1. 

EXTRADOS,  the  outfide  of  an  arch  of  a bridge, 
vault,  See. 

'EX.TR¥ME^anf!~  ffean  Proportions  is  when  a line, 
or  any  quantity  is  fo  divided,  as  that  the  whole  line  is 
to  the  greater  part,  as  that  greater  part  is  to  the  kfa 
part.  Hence,  in  any  line  fo  divided,  the  redangk  of 
the  whole  Hue  and  the  lefs  fegment*  h equal  to  the 
fquare  of  the  greater  fegment.  - 

Euclid  (hews  how  to  divide  a line  in  Extreme-and- 
mean  ratio,  in  his  Elements,  book  2,  ptop.  u,  to  thk 
effeit  s Let  xTB  be  the  given  line  1 to  which  dra.w  r\E 
perpendicular  and  equal  to  half  AB  1 in  EA  praduced 
take  EF  EB,  fo  fhall  AE'  be  equal  ,to  the  greater 
part  I confequently  if  AG  be  taken  equal  to  AF,  the 
line  AB  will  be  divided  in  G as  required. 
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. _ The  fame  may  be  done  otherwife  thus  j ■ 

As  before,  make  AE  (Eg.  g.)  perpendicular  and 
|;AB  ; join  EB,  on  w/hich  take  EC  EA,,  and  then 
take  BD  s::s  BC,  fo  /fhall  the  line  be  divided  in  I)  as  re» 
qiiired.. 

No  number  can  be  divided  Into  extreme  and  mean  pro- 
portion, fo  that  its  two  parts  fhall  be  rational  5 as  Is  w^ell 
demonftrated  by  Clavius,  in  his  Commentary  upon  the 
9th  book  of  Euclid^s  Elements  | and  the  fame  thing  will 
slfo  appear  from  the  following  algebraical  folutimi  of 
the  fame  problem  ; XjCt  a denote  the  whole  Hue.  and  x 
the  greater  part ; then,  Eiall  be  the  lefs  part,  and 

the 


E X-  T 


- E Y 'E 


:[  463 '] 


the  re£^angle  of  the  whole  and  lefs  part  being  put  equal 
to  the  fquare  of  the  greater  part,  gives  this  equation, 


a X a~x  zz.  —ax  ; hence  ax  — d^  and  by 
Djmpleting  the  fquare,  and  extracting  the  root,  &c, 

— I , * P 

— a the  greater  part ; conie- 


there  is  at  lall  a- 


quently<3  — a*  = 


3-\/5 


a is  the  lefs  part.  And  as  the 


fquare  root  of  5,  which  cannot  be  exactly  extracted, 
makes  a portion  of  both  thefe  parts,  it  is  manifell  that 
neither  of  them  can  be  obtained  in  rational  numbers. 

Euclid  makes  great  ufe  of  this  problem,  viz,  in  fc- 
veral  parts  of  the  13th  book  of  the  Fdeinents  ; and  by 
means  of  it  he  conllruCts  that  notable  propofition,  viz 
the  loth  of  the  4th  book,  which  is  to  coiulruCt  an 
ifofceles  triangle  having  each  angle  at  the  bafe  double 
the  angle  at  the  vertex. 

EXTREMES  and  Extremes  DisjunCl,  in 

Spherical  Trigonometry,  are  the  former  the  two  circular 
parts  that  lie  next  the  affumcd  middle  part,  and  the 
latter  are  *he  two  that  lie  remote  from  the  middle 
part.  Thefe  were  terms  applied  by  lord  Napier,  in  his 
iiniverfal  theorem  for  refolviiig  all  right-angled  and 
quadrantal  fpherical  triangles,  and  publifhed  in  his  I^o- 
garithmorum  Canonis  Defcriptio,  an.  1614.  In  this 
theorem,  Napier  condenfes  into  one  rule,  in  two  parts, 
the  rules  for  all  the  cafes  of  right-angled  fpherical  trian- 
gles, whichhad  been  fcparately  demonllratedby  Pitlfcus, 
Lanfbergiiis,  Copernicus,  Regiomontanus,  and  others. 
In  this  theorem,  neglcdflng  the  right  angle,  Napier  calls 
the  other  hve  parts,  clrculaT  parts,  which  are,  the 
two  legs  about  the  right  angle,  and  the  complements  of 
the  other  three,  viz  of  the  hypothenufe,  and  the  two  ob- 
lique angles.  Then,  taking  any  three  of  thefe  live  parts, 
one  of  them  will  be  in  the  middle  between  the  other 
two,  and  thefe  two  are  the  Extremes  ConjunCt  when 
they  are  immediately  adjacent  to  that  middle  part,  or 
they  are  the  Extremes  DisjunCt  when  they  are  each  fe- 
parated  from  the  middle  one  by  another  part.  Thus, 
the  .five  parts  being  AB,  AC,  and 
the  complements  of  BC  and  of  the 
two  angles  B and  C : then  if  the 
three  parts  be  AB,  and  the  comple- 
ments of  the  angle  B and  hypothe- 
jiufe  BC  be  taken,  thefe  three  are 
contiguous  to  each  other,  the  angle 
B lying  in  the  middle  between  the 
Other  two  : therefore  the  comp,  of 
B is  middle  part,  and  AB  with  the  comp,  of  BC  the 
Extremes  Conjunfl.  But  if  the  three  fidc's  be  taken; 
BC  is  equally'  feparated  from  the  two  legs  AB  and 
AC,  by  two  angles  B and  C ; and  therefore  tliele  two 
legs  AB  and  AC  are  Extremes  DisjunEl,  and  the  comp, 
of  BC  the  middle  part. 

Napier’s  rule  for  refulving  ea,ch  cafe  is  in  two  parts, 
as  below ; 

The  redtangle  contained  by  radius  and  the  fine  of  the 
middle  part,  is  equal  to  the  reftangle  of  the  tangents  of 
the  Extremes  conjunfl,  or  equal  to  the  reftangle  of  the 
fines  of  the  Extremes  disjunct.  Which  rule  comprehends 
all  the  cafes  that  can  happen  in  right-angled  fpherical 
triangles  ; in  the  application  of  which  rule,  the  equal 
reflangles  are  divided  into  a proportion  or  analogy,  in 
fqch  manner  that  the  term  fought  may  be  thc  lall  of 


the  four  terms  that  are  concerned,  and  confequcntly  i;s 
correfponding  term  in  the  fame  reElangle  mull  be  tl^e 
firll  of  thofe  terms. 

EYE,  the  organ  of  fight,  confilling  of  feveral  parts, 
and  of  fuch  forms  as  bell  to  anfwer  the  purpoie  for 
which  it  was  formed. 

As  vifioii  or  fight  is  effedlcd  by  a refraclion  of  light 
through  the  luimours  of  the  eye  to  the  bottom  or 
farther  internal  part  of  it,  where  the  images  of  ex- 
ternal objedls  are  formed  on  a fine  expan fion  of  the 
optic  nerve,  called  tlie  Retina^  and  therefore  the  fore- 
part of  the  eye  mult  be  of  a convex  figure,  and  of 
fuch  a precife  degree  of  convexity  as  the  particular  re- 
fradlive  power  of  the  feveral  humours  require  for  form- 
ing the  image  of  an  objedt  at  a given  focal  diilance, 
viz,  the  diameter  of  the  eye.  Hence  we  find, 

ill  ; The  external  part  of  the  eye-ball  CD  (Plate 
2,  fig.  8.)  is  a llrong  pellucid  fubllauce,  proper!)'  con- 
vex, and  which,  wlien  dried,  has  fome  reiemblance  to 
a piece  of  tranfparent  horn,  for  which  reafoif  it  is  called 
the  Cornea^  or  horny  coat  of  the  eye. 

2dly  ; Immediately  behind  this  coat  there  is  a fine 
clear  humour  which,  from  its  likeiiefs  to  water,  is 
called  the  Aqueous  or  watery  humour,  and  is  contained 
in  the  fpace  between  CD  and  GFK. 

3dly ; In  this  fpace  there  is  a membrane  or  diaphragm, 
called  the  Uvea^  with  a hole  in  the  middle  as  at  F,  call- 
ed the  Pup'dy  of  a mufcular  contexture  for  altering  the 
dimenfions  of  that  hole,  for  the  adjulling  or  admitting  a 
due  quantity  of  light. 

4thly  ; Jiill  behind  this  diaphragm  is  placed  a lenti- 
cLilar-formed  fub (lance  GF,  of  a confiderable  coufift- 
ence,  called  from  its  tranfparency  the  CryJIaUlne  hu- 
mour. This  is  contained  in  a fine  tunic  called  the  Cbo- 
rotdes,  and  is  fufpended  in  the  middle  of  the  eye  by  a 
ring  of  mufcular  fibres  called  the  Ligamentum  Ciliarcy 
as  at  G and  E ; by  which  means  it  is  moved  a little 
nearer  to,  or  farther  from,  the  bottom  of  the  eye,  to 
alter  the  focal  diilance. 

5thly  ; All  the  remaining  interior  part  of  the  eye, 
conllituting'the  great  body  of  it,  from  GHE  to  IMK, 
is  made  up  of  a large  quantity  of  a jelly-like  fiibllance, 
called  the  Vitreous  orglafi'y  humour  ; though  it  refem- 
bles  glafs  in  nothing  except  its  tranfparency  ; it  being 
moll  like  the  white  of  an  egg  of  any  thing. 

6thly  ; On  one  fide  of  the  hinder  part  of  the  Eye,  as 
at  K,  the  optic  nerve  enters  it  from  the  brain,  and  is  ex- 
panded over  all  the  interior  part  of  the  eye  to  G and  E 
quite  around,  the  expanlion  being  named  the  Retina. 
On  this  delicate  membrane,  the  ima^e  IM  of  every  ex- 
ternal  objefl  OB,  is  formed  according  to  the  optic  laws 
of  nature,  in  the  following  manner. 

I^et  OB  be  any  very  dillant  objecl.  Then  a pencil 
of  rays  proceeding  fiDui  any  point  L,  will  fall  on  the  cor- 
nea CD,  and  be  refradted  by  the  aqueous  humour  un- 
der it,  to  a point  in  the  axis  of  that  pencil  continued  out. 
Then  the  radius  of  coiivexityof  the  cornea  being  nearly  3 
of  an  inch  ; and  the  fine  of  incidence  in  air  to  that  of  ro- 
frailion  in  the  aqueous  humour,  being  nearly  as  4 to  3,' 
fuppofing  the  rays  parallel,  or  the  objeEl  very  far  diftant, 
the  focal  difiance  after  the  lirfl  refraclion,  by  the  pro- 

per  theorem , will  be  found  i } inch  from  the 

in  — n 

cornea  : r being  the  radius  3,  and  m to  « as  4 to  3.  .. 
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Tlie  rays  thus  refracted  by  the  cornea,  fall  convergf* 
Tng  on  the  cryftalline  humour,  and  tend  to'a  point  l’22$ 
inch  behind  it ; alfo  the  radii  of  convexity  in  the  faid 
humour  are  * and  refpedtively ; and  the  fine  of  inci- 
dence to  that  of  refiadtioii  of  the  aqueous  into  the 
cryftalline  humour,  being' as  13  to  12;  therefore,  by 

this  theorem  — , the  focal  diftance  after  re- 

fi-adtion  in  the  cryftalline,  will  be  i*o2  inch  from  the 
fore  part  of  it:  where  m—  13,  « =.  12,  r — and 
d — ■ 1*228. 

The  rays  now  pafs  from  the  cryftalline  to  the  vitre- 
ous humour  ftill  in  a converging  ftate,  and  the  fines 
of  incidence  and  refraclion  being  here  as  12  to  13,  as 
found  by  experiment ; and  fince  the  furface  of  the  vi- 
treous humour  is  concave  which  receives  the  rays,  and 
is  the  fame  with  the  convexity'-  of  the  hinder  furface  of 
the  cryftalline,  the  radius  will  be  the  fame,  viz  ^ of 
an  inch.  Therefore  the  focal  diftance  after  this  third 

vidv 

refraftion  will  be  found,  by  this  theorem, — , 

na  — rnd  -p  nr 

to  be  6 tenths  of  an  inch  nearly  from  the  hinder  part  of 
the  cornea  : where  wr=i2,  ?/=i3,  rir*,  and  d—'%i  ; 
the  thicknefs  of  the  lens  of  the  cornea  being  nearly 
E of  an  inch. 

Now  experience  fhews  that  the  diftance  of  the  re- 
tina in  the  back  part  of  the  ey^e,  behind  the  cornea, 
is  nearly  equal  to  that  focal  diftance ; and  therefore  it 
follows  that  all  objects  at  a great  diftance  have  their 
images  formed  on  the  retina  in  the  bottom  or  hinder 
part  of  the  eye,  and  thus  diftinft  vifion  is  produced  by 
this  wonderful  organ  of  optic  fenfation. 

When  the  diftance  of  objeCls  is  not  very^  great,  the 
focal  diftance,  after  the  laft  refradlion  in  the  vitreous 
humour,  will  be  a little  increafed  ; and  to  do  this  w'e  can 
move  the  cryftalline  a little  nearer  the  cornea  by  means 
of  the  ligamentum  ciliare,  and  thus  on  all  occafions  it 
may  be  adjufted  for  a due  focal  diftance  for  every  dif- 
tance of  obje61;3,  excepting  that  which  is  iefs  than  6 or 
7 inches,  in  good  eyes.  Many  are  of  opinion,  however, 
that  this  is  effefted  by  a power  in  the  eye  to  alter  the 
convexity  of  the  cryftalline  humour  as  occafion  re- 
quires ; though  this  is  rather  doubtfuL 

By  what  has  been  faid  it  appears,  that  rays  of  light 
flowing  from  every^  part  of  an  obje£i  OB,  placed  at  a 
proper  diftance  from  the  eye,  will  have  an  image  IM 
thereby  formed  on  the  retina  in  the  bottom  of  the 
eye ; and  fii  ce  the  rays  OM,  BI,  which  come  fi'om 
the  extreme  parts  of  the  objedl,  crofs  each  other  in  the 
middle  of  the  pupil,  the  pofition  of  the  image  IM  will 
be  contrary  to  that  of  the  object,  or  inverted,  as  in  the 
cafe  ot  a lens. 

The  apparent  place  of  any  part  of  an  object  is  in 
the  axis,  and  conjugate  focus  of  that  pencil  of  rays  by 
which  that  part  or  point  is  formed  in  the  image.  Thus, 
OM  is  the  axis,  and  O the  focus  proper  to  the  rays 
bv  which  the  point  M in  the  image  is  made  ; therefore 
the  fenfation  of  the  place  of  that  part  will  be  con- 
ceived in  the  mind  to  be  at  O ; in  like  manner  the 
idea  of  place  belonging  to  the  point  I,  will  be  referred 
in  the  axis  IB,  to  the  proper  focus  B ; therefore  the 
apparent  place  of  the  whole  image  IM,  will  be  con- 
ceived in  the  mind  to  occupy  all  the  fpace  between  O 
and  B,  and  at  the  diftance  Al>  from  the  eye. 


Hence  likcwife  appears  the  reafon,  why  we  fee  aa 
obje6f  upright  by  means  of  an  inverted  image  ; for 
fince  the  apparent  place  of  eveiy  point  M will  be  in 
the  axis  MO  at  O ; and  this  axis  crofting  the  axis  of 
the  -eye  HL  in  the  pupil,  it  follows,  that  the  fenfiblc 
place  O of  that  point  will  lie,  without  the  eye,  on  the 
contrary  fide  of  the  axis  of  the  eye,  to  that  of  the  point 
m the  eye  ; and  fince  this  is  true  of  all  other  parts  or 
points  in  the  image,  it  is  evident  that  the  pofition  of 
every  part  of  the  obJeA  will  be  on  the  contrary  fide  of 
the  axis  to  every  correfponding  part  in  the  image,  and 
therefore  the  whole  objeeft  OB  will  have  a contrary 
pofition  to  that  of  the  image  IM,  or  will  appear  up- 
right. 

If  the  convexity  of  the  cornea  CD  happens  not  ex- 
adlly  to  correfpond  to  the  diameter  of  the  eye,  confi- 
dered  as  the  natural  focal  diftance,  then  the  image  will 
not  be  formed  on  the  retina,  and  confequently  no  dif- 
tiuift  vifion  can  be  eftecled  in  fuch  an  eye. 

If  the  cornea  be  too  convex,  the  focal  diftance  in 
the  eye  will  be  lefs  than  its  diameter,  and  the  image 
will  be  formed  ftiort  of  the  retina.  Hence  the  reafoa 
why  people  having  fuch  eyes  are  obliged  to  hold  things 
very  near  them,  to  lengthen  the  focal  diftances ; and 
alfo  why  they  ufe  concave  glaftes  to  countera(fi:  or  re- 
medy the  excefs  of  convexity,  in  order  to  view  diftaat 
objefts  diftinftly. 

When  the  eye  has  lefs  than  a juft  degree  of  con- 
vexity, or  is  too  fiat,  as  is  generally  the  cafe  with  old 
eyes,  by  a natural  deficiency  of  the  aqueous  humour, 
then  the  rays  tend  to  a point  or  focus  beyond  the  re- 
tina or  bottom  of  the  eye  ; and  to  fupply  this  want  of 
convexity  in  the  cornea,  we  ufe  convex  lenfes  in  thofe 
frames  called  fpedlacles,  or  vifual  glaifes. 

Since  the  rays  of  light  OA,  BA,  -w'hich  conftitute 
the  vifual  angle  OAB,  will,  when  they  are  intercepted 
by  a lens,  be  refracted  fooner  to  the  axis ; the  faid 
angle  will  thereby  be  enlarged,  and  the  objedl  of 
courfe  become  magnified  ; which  is  the  reafon  why 
thofe  lenfes  are  called  magnifiers,  or  reading-glafles. 

The  dimenfions,  or  magnitude,  of  an  objed;  OB,  are 
judged  of  by  the  quantity  of  the  angle  OAB  which  it 
fubtends  at  the  eye.  For  if  the  fame  object  be  placed 
at  two  different  diftances  L and  N,  the  angles  OAB, 
oA-by  which  in  thefe  two  places  it  fubtends  at  the  eye, 
will  be  of  different  magnitude ; and  the  lineal  dimen- 
fions, viz  length  and  breadth,  will  be  at  N and  at  L, 
as  the  angle  oAh  is  to  the  angle  OAB.  But  the  fur- 
faces  of  the  obje(fts  will  be  as  the  fqiiares  of  thofe  an- 
gles, and  the  folidities  as  the  cubes  of  them. 

It  is  found  by  experience,  that  two  points  O,  L, 
in  any  objedl,  will  not  be  diftinftly  feen  by  the  Eye, 
till  they  are  near  enough  to  fubtend  an  angle  OAL  of 
one  minute.  And  hence  when  objedls,  however  large 
they  may  be,  are  fo  remote  as  not  to  be  feen  under  an 
angle  of  one  minute,  they  cannot  properly  be  faid  to 
have  any  apparent  dimenfions  or  magnitude  at  all ; fuch 
as  is  the  cafe  of  the  large  bodies  of  the  planets,  comets, 
and  fixed  liars.  But  the  optic  fcience  has  fupplied 
means  of  enlarging  this  natural  fmall  angle  under  which 
moll  diftant  obje^fts  appear,  and  thereby  increafing  their 
apparent  magnitudes  to  a very  fiirprifing  degree,  in 
the  inftance  of  that  noble  inftrument  the  telefcope.  ^ 

On  the  other  hand,  there  ai'e  in  creation  an  infinity 
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of  ohjeds,  of  fucli  finall  dimenflons,  tliat  tliey  will 
not  fubtend  the  requifite  angle,  if  brought  to  the 
neareft  limits  of  dilHiidl  viiion,  viz  6,  7,  or  8 inches 
from  the  Eye,  as  found  by  experience  ; and  therefore 
to  rendei-  them  vilible  at  a very  near  diftance,  \vc  have 
a variety  of  glaffes,  and  inftruments  of  different  con- 
ftrudlions,  iifually  called  microfcopes,  by  which  thofe 
minute  objects  appear  many  thoufand  times  larger  than 
to  the  naked  Eye  ; and  thereby  enrich  the  mind  with 
difcoveries  of  the  fublimelt  nature,  in  regard  to  crea- 
tive power,  wifdom,  and  ceconomy. 

EYE-^.y^,  in  Optical  Inllruments,  is  that  which  is  ’ 
next  the  Eye  in  ufing  the  machine.  This  is  ufually 
a lens  convex  on  both  Tides ; but  Euftachia  Diviiu  long 


fince  invented  a microfcope  of  this  kind,  the  power  of 
which  he  places  very  greatly  above  that  of  the  common 
fort ; and  this  chiefly  depending  on  the  Eye-glafs,  which 
was  double,  confiding  of  two  plano-convex  glaffes,  fo 
placed  as  to  touch  one  another  in  the  middle  of  their 
convex  furface.  This  inftrument  is  well  fpoken  of  by 
Fabri  in  his  Optics,  and  as  pofTeffing  this  peculiar  ex- 
cellence, that  it  fhews  all  the  objects  fiat,  and  not 
crooked,  and  takes  in  a large  area,  though  it  magni- 
fies very  mucli. 

Bull’s  EYil,  a flar  of  the  firil  magnitude,  in  the 
Eye  of  the  conftellation  Taurus,  the  bull,  and  by  the 
Arabs  called  Aul'^haran, 
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Face,  or  Facade,  in  Architeflure,  is  fometimes 
iifed  for  the  front  or  outward  part  of  a building, 
which  immediately  prefents  itfclf  to  the  eve  ; or  the 
fide  where  the  chief  entrance  is,  or  next  the  flreet,  &c. 

Face,  Facia,  or  Fascia,  alfo  denotes  a flat  mem- 
ber, having  a confiderable  breadth,  and  but  a fmall 
projecture.  Such  are  the  bands  of  an  architrave,  lar- 
mier, &c. 

Face,  in  A Urology,  Is  iifed  for  the  3d  part  of  a fign. 
— Each  fign  is  fuppofed  to  be  divided  Into  three  faces, 
of  10  degrees  each  : the  firfl  10  degrees  compofe  the 
firfl  face;  the  next  10  degrees,  the  2d  face;  and  the 
lall  10,  the  3d  face. — Venus  is  in  the  3d  face  of  Tau- 
, rue  ; that  Is,  In  tlie  lall  10  degrees  of  it. 

Faces  of  a Bajlton,  in  Fortification,  are  the  two 
foremoll  Tides,  reaching  from  the  flanks  to  the  outcr- 
moll  point  of  the  ballion,  where  they  meet,  and  form 
the  fallant  angle  of  the  ballion.  Thefe  are  uTually  the 
fxrll  parts  that  are  undermined,  or  beaten  down  ; be- 
caufe  they  reach  the  farthell  out,  are  the  lealt  flanked, 
and  are  therefore  the  weakell. 

Face  of  a Place,  is  the  extent  between  the  outer- 
moll  points  of  two  adjacent  baillons  ; containing  the 
curtain,  the  two  flanks,  and  the  two  faces  of  thofe 
ballions  that  look  towards  each  other.  This  Is  other- 
wife  called  the  Tenaille  of  the  place. 

Face  Prolonged,  is  that  part  of  a line  of  defence  ra- 
fant,  which  is  between  the  angle  of  the  cpaule  or 
Thoulder  of  a ballion  and  the  curtain  ; or  the  line  of  a 
defence  rafant  diminilhed  by  the  face  of  the  ballion. 
VoL.  1. 
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FACIA,  in  Architedlure.  See  Face,  and  Fas- 
cia. 

FACTORS,  In  Multiplication,  in  Arithmetic,  a 
name  given  to  the  two  numbers  that  are  multiplied  to- 
gether, viz,  the  multiplicand  and  multiplier;  To  called 
becaufe  they  are  to  facere  produdlum,  make  or  conlli- 
tute  the  fadlum  or  product. 

FACTUM,  the  produCl  of  two  quantities  multiplied 
togetlier.  As,  the  faflum  of  3 and  4 Is  12;  and  the 
faCdum  of  la  and  5^  is  \oab, 

FACUFTE,  [in  Allronomy,  a name  given  by  Schei- 
ner,  and  others  after  him,  to  certain  bright  fpots  on 
the  fun’s  dife,  that  appear  more  bright  and  lucid  than 
the  reft  of  his  body. 

Flevellus  allures  us  that,  on  July  20,  1634,  he  ob- 
ferved  a facula  whofc  breadth  was  equal  to  a 3d  part  of 
the  fun’s  diameter.  He  fays  too  that  the  maculse  often 
change  into  Faculae  ; but  thefe  feldom  or  never  in- 
to maculce.  And  fome  authors  even  contend  that  all 
the  maculas  degenerate  into  Facuhn  before  they  quite 
difappear.  Many  authors,  after  Kircher  and  Scheinery 
have  reprefented  the  fun’s  body  full  of  bright,  fierY 
fpots,  w'hicli  they  conceive  to  be  a fort  of  volcanos  in 
the  body  of  the  tun  : but  Fluygens,  and  others  of  the 
latell  and  bell  oblervers,  finding  that  the  bell  telefcopes 
difeover  notliing  of  the  matter,  agree  entirely  to  ex- 
plode the  phenomena  of  Faculae.  All  the  foundation 
he  could  fee  for  the  notion  of  Faculas,  he  fays,  was, 
that  in  the  darkilh  clouds  which  frequently  furround  the 
niacuhn,  there  are  fometimes  feen  little  points  or  fparks  • 
3 ^ brighter-' 
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brighter  than  the  reft.  Their  caiife  is  attributed  by 
thcfe  authors  to  the  tremulous  agitation  of  the  vapours 
near  our  earth  ; the  fame  as  fometimes  fhews  a little  un- 
evennefs  in  the  circumference  of  the  fun’s  difc  when 
viewed  through  a telefcope.  Striclly  then,  the  Faculas 
are  not  erudlations  of  fire  and  flame,  but  refratfions  of 
the  fun’s  rays  in  the  rarer  exhalations,  which,  being 
condenfed  near  that  (hade,  feem  to  exhibit  a light  great- 

than  that  of  the  fun, 

FACULTY,  denotes  the  feveral  parts  of  an  univer- 
fity,  divided  according  to  the  aitg  or  fciences  taught  or 
profeffed  there.  In  moff  univerfities  there  are  four 
Faculties  ; that  of  arts,  which  includes  philofophy  and 
the  humanities  or  lanuoag-es,  and  is  the  moll  ancient 
land  extenfive';  the  2d  is  that  of  theology;  the  3d5 
that  of  medicine  ; and  the  4th,  jurirpriidcncc,  or  laws. 

FALCATED,  one  of  the  phafes  of  the  jjlanets, 
vulgarly  called  horned.  The  aiironomers  figa  the 
moon,  or  -any  planet,  is  Falcated, _when  the  enliglitencd 
part  appears  in  form  of  a erdeent,  like  a fickle,  or  reap- 


inp’-iiook,  winch,  bv  the  Inatins  is  called  falx.  Tiie 


c moves  from  the  3d  quarter 


moon  is  Falcated  while  fir 
to  the  conjundLion,  and  fo  on  from  hence  to  the  firil 
quarter  ; the  bright  part  appearing  then  like  a crefceiit, 
viz  during  the  firit  and  laic  quarters.  But  daring  the 
2d  and  3d  quarters,  the  light  part  appears  gibbous,  and 
the  dark  part  FeJeated. 

FALCON  or  Faucon,  and  Falconet  or  Fauco- 
NET,  certain  old  fpecies  of  cannon,  now  long  diluted. 

FALL,  the  defeent  or  natural  motion  of  bodies  to- 
wards the  centre  of  the  earth,  &c.  Galileo  firlf  dif- 
covered  the  ratio  of  the  acceleration  of  falling  bodies  ; 
viz,  that  the  fpaces  defeended  from  reft  are  as  the 
fquares  of  the  times  of  defeent ; or,  which  comes  to 
the  fame  thing,  that  if  the  whole  time  of  Falling  be 
divided  into  any  number  of  equal  parts,  whatever  fpace 
it  falls  through  in  the  firft  part  of  the  time,  it  will  Fall 
3 times  as  far  in  the  2d  part  of  time,  and  5 times  as 
far  in  the  3d  portion  of  time,  and  fo  on,  according  to 
the  uneven  numbers  i?  3)  5j  7?  &c.  See  Accelera- 
tion, Descent,  Gravity,  &c. 

FALSE-eraye,  in  Fortification.  See  Fausse- 

ERAYE. 

False  Pofition^  in  Arithmetic.  See  Position. 

False  Roof,  a name  given  by  Cardan,  to  the  nega- 
tive roots  of  eauations,  and  numbers.  So  the  root  of 
9 may  be  either  3 or  — 3,  the  former  he  calls  the  true, 
and  the  latter  the  falfe  or  fiblitious  root  ; alfo  of  this 
equation  x'^  — x — 6,  the  two  roots  are  3 and  —2,  the 
former  true,  and  the  latter  Falfe. 

FASCIA,  in  Architecture.  See  Facia  and  Face. 

FASCIiE,  in  Aftronomy,  are  certain  ftripes  or  rows 
of  bright  parts,  obferved  on  the  bodies  of  foiue  of  the 
planets,  like  fwathes,  bands,  or  belts  ; efpecially  on  the 
planet  Jupiter. 

The  FafcA,  or  belts  of  Jupiter,  are  more  lucid  than 
the  reft  cf  the  difc,  and  are  terminated  by  parallel  lines. 
They  are  fometimes  broader  and  fometimes  narrower  ; 
nor  do  they  always  poirefs  the  fame  part  of  the  difc, 

M.  Huygens  alio  obierved  a very  large  kind  of 
Fafcia  in  Mars,  in  the  year  1656  ; but  it  was  darker 
than  the  reft  of  the  difc,  and  occupied  the  middle  part 
cf  it. 

FASCINESy,  in  Fortification,  are  faggots  made  of 


the  twigs  and  fmall  branches  of  trees  and  brufti  wood, 
bound  up  in  bundles  ; thefe,  being  mixed  with  earth, 
ferve  to  fill  up  ditches,  to  make  the  parapets  of  trenches, 
batteries,  &c. 

FATFIOM,  an  Englifli  meafure  of  the  length  of  6 
feet  or  2 yards  ; and  is  taken  from  the  utmoft  extent 
of  both  arms  when  ftretched  into  a right  line. 

FAiTUUS  Ignis.  See  Ignis  Fatuus. 

FAiUCON,  and  Fau conet,  the  fame  as  Falcon  and 
Falconet ; the  old  names  of  certain  fpecies  of  ordnance  ; 
which,  as  well  as  many  other  names,  are  now  no  longer 
in  life,  as  it  has  been  for  feme  time  the  praUice  to  de- 
nominate the  feveral  fizes  of  cannon  from  the  weight  of 
their  ball,  inftead  of  calling  them  by  thofe  fanciful  and 
unmeaning  names. 

FAUSSE-Braye,  in  Fortification,  an  elevation  of 
earth,  about  three  feet  above  the  level  ground  ; round 
the  foot  of  the  rampart  on  the  outfide,  defended  by  a 
parapet  about  four  or  five  fathoms  diftaiit  from  the  up- 
per parapet,  r^diich  parts  it  from  the  berme,  and  the 
edme  of  the  ditch.  The  Faiifte-braye  is  the  fame  with 

O ...  . 

what  is  otherwife  called  Chemin  des  rondes,  and  Bafte 
enceinte  ; and  its  ufe  is  for' the  defence  of  the  ditch. 

FEATFIER-edged,  is  a term  ufed  by  workmen, 
for  mch  boards  as  are  thicker  on  one  edge,  or  fide, 
than  on  the  other. 

FEBRUA-RY,  tlie  2d  month  of  the  year,  contain- 
ing 28  days  for  three  years,  and  every  fourth  year  29 
days. — In  the  firft  ages  of  Rome,  February  was  the  laft 
month  of  the  year,  and  preceded  January,  till  the  De- 
cemviri made  an  order  that  February  fhould  be  the  2d 
month  of  the  year,  and  come  after  January. 

FELLOWSHIP,  Company,  or  Partnership,  is 
a rule  in  arithmetic,  of  great  ufe  in  balancing  accounta 
among  merchants,  and  partners  in  trade,  teaching  how 
to  affign  to  every  one  of  them  his  due  fiiare  of  the  gain, 
or  lofs,  in  proportion  to  the  ftock  he  has  contributed, 
and  the  time  it  has  been  employed,  or  according  to  any 
other  conditions.  Or,  more  generally,  it  is  a method 
of  dividing  a given  number,  or  quantity,  into  any  num- 
ber of  parts,  that  fhali  have  any  affigned  ratios  to  one 
another.  And  hence  comes  this  general  rule  : Having 
added  into  one  ium  the  feveral  numbers  that  exprefs  the 
proportions  of  the  parts,  it  v/ill  be, 

A.S  that  fum  of  the  proportional  numbers  : 

Is  to  the  given  quantity  that  is  to  be  divided  : : 

So  is  each  proportional  number  : 

To  the  correfponding  fiiare  of  the  given  quantity. 

For  Ex.  Suppoie  it  be  required  to  divide  the  number 
120  into  three  parts  that  fhad  be  in  proportion  to  each 
other  as  the  numbers  1,2,  3. — Here  120  is  the  quan- 
tity to  be  divided,  and  6 is  the  fum  of  the  numbers  i, 
2,  and  3,  which  exprefs  the  proportions  of  the  jiarts  ; 
therefore  as 

r I : 20  the  I ft  part, 

6 : 120  : : < 2 : 40  the  2d  part, 
p 3 : 60  the  3d  part. 

This  rule  is  ufually  diftinguiihed  into  two  cafes,  one 
in  v/hich  time  is  concerned,  or  in  which  the  ilocks  of 
partners  are  continued  for  different  times ; and  the 
other  in  which  time  is  not  confidered  ; this  latter  being 
called  Single  Eellowfhip,  and  the  former  Double  Fel- 
lowfliip. 

Singh 
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Fellov/ship,  or  Fellowship  without  Thnef  own  obfervalions  only,  a celeftial  globe. 


His 


is  the  cafe  in  which  the  times  of  continuance  of  the 
(hares  of  pailners  are  not  conhdered,  becaufe  they  are 
all  the  fame  ; and  in  this  cafe,  the  rule  will  be  as  above, 
viy.. 

As  the  whole  flock  of  the  partners  : 

Is  to  the  whole  gain  or  lofs  : ; 

So  is  each  one’s  particular  flock  : 

To  his  fliare  of  the  gain  or  lofs. 

jGlr.  Two  partners,  A and  B,  form  a joint  flock,  of 
which  A contributed  75I,  and  B 45I ; witli  which  they 
gain  30I : how  much  of  it  mull  each  one  have  ? 


As  120  : 20 


{75  : 18L  15s.  = A’s  fharc, 
45  : III.  53.  = B’s  fliare. 


Double  Fellowship,  or  Fellowship  with  Time^ 
is  the  cafe  in  wdiich  tlie  times  of  the  flocks  continuins; 
are  conhdered,  bccaufe  they  are  not  all  the  fame. 

In  this  cafe,  the  fhares  of  tlie  gain  or  lofs  mull  be 
proportional,  both  to  the  feveral  fhares  of  the  flock, 
and  to  the  times  of  their  continuance,  and  theredore 
proportional  to  the  products  of  the  two.  Hence  this 
Rule  : Multiply  each  particular  fliare  of  the  flock  by 
the  time  of  its  continuance,  and  add  all  the  produils 
together  into  one  fum  ; then  fay. 

As  that  fum  of  the  prodiufts  : 

Is  to  the  whole  gain  or  lofs  ; : 

So  is  each  feveral  prodiifl  : 

To  the  correlpoiiding  fliare  of  the  gain  or  lofs. 

For  Ex,  A had  in  company  50I.  for  4 months,  and 
B 60I.  for  5 months  ; and  their  gain  was  24I  : liow 
mull  it  be  divided  between  them  ? 


50 

60 

4 

5 

200 

0 

0 

CO 

1 

0 

1 0 

As  500  : 

: 24  : 

1 


300  : 14I.  8s.  = B’s  fiiarc. 

FERGF^vSON  (James),  an  eminent  experimental 
phliofoplier,  mechaniil,  and  aflronomer,  was  born  in 
Bamrfshiie,  in  Scotland,  1710,  of  very  poor  parents. 
At  the  veiy  eailiefi;  age  his  extraordinary  genius  began 
to  unfold  itfelf.  He  hril  learned  to  read,  bv  overhear- 
ing  his  father  teach  his  elder  brother  : and  he  had 
made  this  acquifitioii  before  any  one  fufpefted  it.  Fie 
foon  difeovered  a peculiar  take  for  mechanics,  wliich 
frfl  arofe  on  feeing  his  father  ufe  a lover.  Fie  purfued 
this  fludy  a confiderable  length,  while  he  was  yet  very 
young  ; and  made  a w^atcli  in  wood-work,  from  having 
ciice  feen  one.  As  he  had  at  firfl  no  IiiRruHor,  nor 
any  help  from  books,  every  tiling  he  learned  had  all  the 
merit  of  an  original  difeovery  ; and  fuch,  wu’th  incx- 
prelhble  joy,  he  believed  it  to  be. 

As  foon  as  his  age  would  permit,  he  went  to  fervlce  ; 
in  wliich  he  met  wdth  hardfhips,  wFich  rendered  his  con- 
iiiUition  feeble  through  life.  While  he  was  fervaiit  to 
a farmer  (whofe  goodiiefs  he  acknowledges  in  the  mo- 
dcfl  and  humble  account  of  liinifdf  which  he  prefixed 
to  one  of  his  publications),  he  contemplated  and  learned 
to  know  the  liars,  while  he  tended  the  fheep  ; and  be- 
gan th.e  fludy  of  aflronomy,  by  laying  down,  from  his 


kind 

maflcr,  obferviiig  tlielc  marks  of  his  ingenuity,  pro- 
cured him  the  countenance  and  affiftance  oi  ionic  neigh- 
bouring gentlemen.  By  their  help  and  inflrudlioiis  lie 
went  on  gaining  farther  knowledge,  havmg  by  their 
means  been  taught  arithmetic,  with  lomc  algebra,  and 
practical  geometry.  He  had  got  fome  notion  of  draw- 
ing, and  being  fent  to  Edinburgh,  he  there  began  to 
take  portraits  in  miniature,  at  a .fmall  price  ; an  em- 
ployment by  which  lie  fuppoittd  himfelf  and  family  for 
feveral  years,  both  in  Scotland  and  England,  while  he 
was  purfuiiig  more  ferious  lludirs.  In  London  he  firfl 
publifhed  fome  curious  agronomical  tables  and  calcula- 
tions ; and  afterwards  gave  public  Icdlurcs in  experimental 
philofophy,  both  in  London  and  mofl  of  the  country 
towns  in  England,  with  the  highefl  marks  of  general 
approbation.  Fie  was  elected  a fellow  of  the  Royal 
Society,  and  was  excufed  the  payment  of  the  admiffion 
fee  and  the  ufual  annual'  contributions.  He  enjoyed 
from  the  king  a pcnfion  of  70  pounds  a year,  befides 
other  occafional  prefents,  wliicli  he  privately  accepted 
and  received  from  different  quarters,  till  the  time  of  his 
death  ; by  which,  and  the  fruits  of  his  own  labours,  he 
left  behind  him  a fum  to  the  amount  of  about  fix  thou- 
fand  pounds,  iiiltead  of  which  all  his  friends  had  always 
entertained  an  Idea  of  his  great  poverty'.  He  died  in 
1776,  at  66  y^ears  of  ag-e,  though  he  had  the  appearance 
of  many'  more  years. 

Mr.  Fergufon  mull  be  allowed  to  have  been  a very 
uncommon  genius,  efpecially  in  mechanical  contrivances 
and  executions,  for  he  executed  many  machines  himielf 
in  a very  neat  manner.  He  had  alfo  a good  take  in 
allronomy,  with  natural  and  experimental  philofophy, 
and  was  polEffed  of  a happy  manner  of  explaining  him- 
felf in  an  eafy,  clear,  and  familiar  way.  His  general 
matliematical  knowledge,  however,  was  little  or, no- 
thing. Of  algebra  he  underllood  but  little  more  tlian 
the  notation  ; and  he  has  often  told  me  he  could  never 
demonllrate  one  propofition  in  Euclid’s  Elements  ; his 
conflant  method  being  to  fatisfy  himfelf,  as  to  the  truth 
of  any  problem,  with  a meafuremeut  by  fcale  and  com- 
palfes.  He  was  a man  of  a very  clear  judgment  in  any 
thing  th.at  he  profeiTed,  and  of  unwearied  a].>pI'’cation  to 
benevolent,  meek,  and  innocent  in  ’lis  manners 
child  : humble,  courteous,  and  ccimnunicative  : 


liudv 


as 


inllcad  of  pedantry,  phihdophy  ieemcJ  to  produce  in 
him  onlv  diffidence  and  inkanilv. 

■ ^4 

The  lilt  of  Mr.  Eerguiou’s  public  works,  is  as  fol- 
lows : 

I.  ARronomical  Tables  and  Precepts,  for  calculat- 
ing  the  true  times  of  New  and  Eull  Moons,  ; 1763. 
— 2.  Tables  and  Trafls,  relative  to  feveral  arts  and 
fcicnces;  1767. — 3.  An  Eafy  Introdudlion  to  Aftro- 
nomy,  for  'Young  Gentlemen  and  Ladies  ; 2d  edit. 
1769. — 4.  Ailronomy  explained  upon  Sir  ifaac  New- 
ton’s Principles  ; 5th  edit.  1772. — 5.  Ledlures  on  Se- 
ledl  Subjects  in  Mechanics,  Hydroflatics,  Pneuma- 
tics, and  Optics  ; 4th  edit.  1772.' — 6.  Seledl  hleclumi- 
cal  Exercifes  ; with  a fliort  Account  of  the  life  of  the 
author,  by  himielf ; 1773. — 7.  The  z\rt  of  Drawing 
in  Perfpective  made  eafy;  1775.- — Introdutlion 
to  Elcdlrlcity  ; 1775. — 9.  Two  Letters  to  the  Rev. 
Mr.  John  Kennedy;  1775. — 10.  A Third  Letter  to 
the  Rev.  Mr.  John  Kennedy;  1775* 

3 O 2 
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FERMAT  (Peter),  connfellor  of  the  parliament 
of  Touioiife,  in  France,  who  flourifired  in  the  17th  cen- 
tury, and  died  in  1663.  He  was  a general  fcholar,  and 
a univerfal  genius,  cultivating  jurifprudence,  poetry, 
and  mathematics,  but  efpecially  the  latter,  for  his  amuie- 
ment.  He  was  contemporary  and  intimately  connected 
with  Merfenne,  Torricelli,  Dcs  Cartes,  Pafcal,  R.ober- 
val,  Fluygens,  Frenicle,  and  Carcavi,  and  feveral  others 
the  moil  celebrated  philofophem  of  their  time.  He 
was  a firft-rate  mathematician,  and  polFejTed  the  hnell 
tafte  for  pure  and  genuine  geometry,  which  he  contri- 
buted greatly  to  improve,  as  well  as  algebra. 

Fermat  was  author  of  i.  A Method  for  the  Qiia- 
. dratnre  of  all  forts  of  Parabolas.. — 2.  Another  on  Maxi- 
mums  and  Minimums  : rvhich  ferves  not  only  for  the 
determination  of  plane  and  folid  problems  ; but  alfo  for 
drawing  tangents  to  curve  lines,  finding  the  centres  of 
gravity  in  folids,  and  the  refolution  of  queflions  con- 
cerning numbers  : in  fliort  a method  very  fimilar  to  the 
Fluxions  of  Newton. — 3.  An  Introduction  to  Geome- 
tric Loci,  plane  and  folid. — 4,  A Treatife  on  Spheri- 
cal Tangencies  : where  he  demonlfrates  in  tlie  folids, 
the  fame  things  as  Vieta  demonif rated  in  planes. — 5.  A 
Reftoration  of  Apollonius’s  two  books  on  Plane  Loci. 

' — 6.  A General  Method  for  the  dimenfion  of  Curve 
Lines.  Befides  a number  of  otlier  fmaller  pieces,  and 
many  letters  to  learned  men  ; feveral  of  which  are  to  be 
found  in  his  Opera  Varia  AIathe?natica,  printed  at 
R'ciiloufe,  in  folio,  1679. 

FERMENTATION,  an  inteftine  motion,  arifing 
fpontaneoufly  among  the  fmall  and  infenfibie  particles 
of  a mixed  body,  thereby  producing  a new  difpofition, 
and  a different  combination  of  thofe  parts.  Fermen- 
tation differs  from  diffolution,  as  the  caufe  from  its  ef- 
fe6f,  the  latter  being  only  a refult  or  effecff  of  the 
former. 

FESTOON,  in  ArchiteAure  &c,  a decoration  in 
form  of  a garland  or  duffer  of  flowers. 

FICHANT  Flank.  See  Flank. 

FhcHANT  Line  af  Defence,  See  Fixed  Line  of  Defence. 
FIELD-Fort.  See  Fortine. 

Field-PEt^’J',  are  fmall  cannon,  ufiially  carried  along 
with  an  army  in  the  field : fuch  as,  one  pounders,  one 
and  a half,  two,  three,  four,  fix,  nine,  and  12  pounders; 
which,  being  light  and  fmall,  are  eafily  carried. 

FiELD-d’/^^  is  a ftaff  carried  by  the  gunners,  in 
which  they  ferew  lighted  matches,  when  they  are  on 
fervice  ; wTich  is  called  arming  the  Field- ffaffs.  See 
Linstock. 

Field  of  Vlenjj^  or  of  Vifion^  is  the  whole  fpace  or 
extent  within  which  objeds  can  be  feen  through  an  op- 
tical machine,  or  at  one  view  of  the  eye  without  turn- 
ing it. 

The  precife  limits  of  this  fpace  are  not  eafily  afeer- 
tained,  for  the  natural  view  of  the  eye.  In  looking  at 
a fmall  diffance,  we  have  an  imperfed  glimpie  of  ob- 
jeds  through  almoff  tlie  extent  of  a hemifphere,  or  at 
leaft  for  above  60  degrees  each  way  from  the  optic 
axis  ; but  to\vards  the  extremity  of  this  fpace,  objeds 
are  very  imperfedly  feen  ; and  the  diameter  of  the  field 
of  diflind  vffion  does  not  fubteiid  an  angle  of  more 
than  5 degrees  at  moft,  fo  that  the  diameter  of  a dif- 
lind image  on  the  retina  is  lefs  tli*m  ; 

but  it  is  probably  much  lefs.  ’ 
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Field^P(9(?^,  in  Surveying,  a book  ufed  for  fettmg 
down  angles,  diflances,  and  other  things,  remarkable  in 
taking  furveys. 

The  pages  of  the  Field-book  may  be  conveniently 
divided  into  three  columns.  In  the  middle  column  arc 
to  be  entered  the  angles  taken  at  the  fevei'al  ftations  by 
the  theodolite,  with  the  diflances  meafured  from  fcation 
to  ftation.  And  the  offsets,  taken  wdth  the  offset-ffaff, 
on  either  fide  of  the  ftation  line,  are  to  be  entered  in 
the  columns  on  either  fide  of  the  middle  column,  ac- 
cording to  their  pofition,  on  the  right  or  left,  with  re- 
fped  to  that  line  : alfo  on  the  right  or  left  of  thefe  arc 
to  be  fet  down  the  names  and  charaders  of  the  objeds, 
with  proper  remarks,  &c.  See  a fpecimen  in  my 
Treatife  on  Menfuration,  pa.  517,  ed.  2d. 

FIE'TH,  in  Muffc,  one  of  the  harmoiiical  intervals  or 
concords  ; called  by  the  ancients  Diapente. 

The  Fifth  is  the  3d  in  order  of  the  concords,  and 
the  ratio  of  the  chords  that  produce  it,  is  that  of  3 to 
2.  It  is  called  Fifth,  becaufe  it  contains  five  terms,  or 
founds,  between  its  extremes,  and  four  degrees ; fo 
that  ill  the  natural  fcale  of  mufic  it  comes  in  the  5th 
place,  or  order,  from  the  fundamental. — The  imperfed, 
or  defedive  Fifth,  by  the  ancients  called  Semidiapente, 
is  lefs  than  the  Fifth  by  a mean  femitone. 

FIGURAL,  the  fame  as  Figurate  numbers ; 
which  fee. 

FIGURATE  Numhersy  fuch  as  do  or  may  reprefent 
fome  geometrical  figure,  in  relation  to  which  they  are 
always  confidered  ; as  triangular,  pentagonal,  pyrami- 
dal, &c,  numbers. 

Figurate  numbers  are  diffinguiflied  into  orders,  ac- 
cording to  their  place  in  the  fcale  of  their  generation, 
being  all  produced  one  from  another,  viz,  by  adding 
continually  the  terms  of  any  one,  the  liicceihve  films  are 
the  terms  of  the  next  order,  beginning  from  the  ffrit 
order  wdiich  is  that  of  equal  units  i,  i,  i,  i,  occ  ; then 
the  2d  order  confifts  of  the  fucceilive  fiims  of  thofe  of 
the  iff  order,  forming  the  aritiimetical  progreiTion  i, 
2,  3,  4,  &c  ; thofe  of  the  3d  order  are  tlie  fucceffive 
fums  of  thofe  of  the  2d,  and  are  the  trianyular  num-. 

, o 

bers  I,  3,  6,  10,  15,  &c  ; thofe  oi  the  4th  order  are 
the  fucceffive  fums  of  thofe  of  the  3d,  and  arc  the  py~ 


ramidal 

numbers  i,  4, 

lO, 

2C 

35 

, &c 

: ; ar 

id  fo 

as  below 

r • 

Order 

. 'Name. 

Numlers 

I. 

Equals. 

L 

L 

L 

L 

L 

&c. 

2. 

Arithmeticals, 

L 

2, 

3> 

4, 

5’ 

3- 

Tiiangulars, 

U 

3’ 

6, 

10, 

15, 

&c. 

4- 

Pyramidals, 

L 

4^ 

10, 

20, 

35’ 

fee. 

5- 

2d  Pyramidals, 

L 

EG 

35» 

70’ 

&c. 

6. 

^d  Pvramidals, 

L 

6, 

21, 

56, 

126, 

&c. 

7- 

4th  Pyramidals, 

L 

7? 

28, 

84, 

210, 

&C'. 

The  above  are  all  confidered  as  different  forts  of  trian- 
gular numbers,  being  formed  from  an  aritiimetical  pro- 
greilion  wdiofe  common  difference  is  i.  But  if  that 
common  difference  be  2,  the  fucceffive  fums  v/ill  be 
the  feries  of  iqiiaiT  numbers  : if  it  be  3,  the  feries  will 
be  pentagonal  numbers,  or  pentagons  ; if  it  be  4,  the 
feries  wnll  be  hexagonal  numbers,  or  hexagons  ; and  fo 
on.  Thus ; 


Arith- 


F I G 
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yirithme- 

iicals. 

ill  Sums,  or 
Polygons. 

2d  Sums,  or 
2d  Polygons. 

2,  3,  4, 

Tri.  I,  3,  6,  10 

I,  4,  10,  20 

3>  5>  7? 

Sqrs.  I,  4,  9,  16 

E 5»  30 

D 4»  7»  10, 

Pent.  I,  3',  12,  22 

I,  6,  18,  40 

D 5» 

Sec. 

Hex.  I,  6,  15,  28 

I,  7,  22,  50 

And  the  reafon  of  the  names  triangles,  fqiiares,  penta- 
gons, hexagons,  &c,  is,  that  thofe  numbers  may  be 
placed  in  the  form  of  tliefc  regular  figures  or  polygons, 
here  below  ; 


c • 


!r riangles. 

6 

• • 0 

• • 


I a 


I e « « 

e 0 a 
• o 

9 


4 


• • 

• • 


Squares^ 

9 

• » • 

• o • 

• • * 


p£nto^cns\ 

O 


e • 


16 


• • • • 
• • • • 

» » « * 

* » e • 


12 

• « • 

• • 

o * 

• • 

• • 

e 


Hexagons. 


e • 

• • 
» ♦ 


€> 

e • 


o 

o 


But  the  Figurate  numbers  of  any  order  m.ay  alfo  be 
found  withoiLt  computing  tJiofe  of  the  preceding  or- 
ders ; which  is  done  by  taxing  the  fuccefiive  produdls  of 
as  many  of  tlie  terms  of  the  arithmeticals  1,  2,  3,  4, 
5,  $cc,  in  their  natural  order,  as  there  are  units  in  the 
number  which  denominates  the  order  of  Figurates  re- 
quired, and  dividing  thofe  orodiidts  always  bv  tlie  firll 
proGuct  ; thus,  the  triangular  numbers  are  found  by 
dividing  the  produds  i x 2,  2 X 3,  3 x 4,  4 X 5, 
&C,  each  by  the  ift  pr.  1x2;  the  firif  pyramids  by 
dividing  the  products  1x2x3,  2x3x4,  3X4X5, 
&c,  by  the  firll  1x2X3.  And,  in  general,  the  fi- 
gurate numbers  of  any  order  are  found  by  fubllituting 
fuccelfively  1,2,  3,  4,  5,  See,  inlleadofx  in  this  general 


exprellion 


X.  X + I , X + 2 . X + ^ . Sec 


; where  tin 


1*2  . 3 . 4 . Sec 

fadors  in  the  numerator  and  denomiinator  are  fnppofee 
to  be  multiplied  together,  and  to  be  continued  till  tlu 
number  in  each  belefs  by  i than  tiiat  wldcli  exprefl'es  tiu 


order  of  the  Figurates  required.  See  Maclaurin’s  Flux- 
ions, art.  351,  in  the  notes  ; alfo  Simplon’s  Algebra, 
pa.  2134  or  Malcolm’s  Arithmetic,  pa.  396,  where 
the  fubjed  of  Figurates  is  treated  in  a very  extenlive 
and  perfpicuous  manner. 

FIGURE,  in  general,  denotes  the  furface  or  termi- 
nating extremes  of  a body.- All  finite  bodies  have 

fome  figure,  form,  or  fnape  ; whence,  figurability  is 
reckoned  among  the  elTeiitial  properties  of  body,  or 
matter:  abody  without  Figure,  would  be  an  infinite  body. 

Figures,  in  Architedure  and  Sculpture,  denote 
reprefentatioiis  of  things  made  in  lolid  matter  ; fuch  as 
ftatues,  Sec. 

Figures,  in  Arithmetic,  are  the  numeral  charaders, 
by  which  numbers  are  exprelTed  or  written,  as  the  ten 
digits,  1,  2,  3,  4,  5,  6,  7,  8,  9,  c.  Thefe  are  ufually 
called  the  Arabic,  and  Indian  figures,  from  which  people 
it  is  fuppofed  they  have  been  derived.  They  w^ere  brought 
into  Europe  by  the  Moors  of  Spain,  and  into  England 
about  1130,  as  Dr.  Vfallis  apprehends:  fee  Ids  Alge- 
bra, pa.  Cl.  However,  from  lome  ancient  dates,  fup- 
pofed  to  confill  wholly  or  in  part  of  Arabian  figures, 
fome  have  concluded  that  thefe  Figures,  originally  In- 
dian, were  known  and  uled  in  this  country  at  leall  as 
early  as  the  loth  century.  The  oldeff  date  difeovered 
by  Dr.  Wallis,  was  on  a-  chimney  piece,  at  Helmdou, 
in  Nortliamptonfliire,  thus  Ml  33,  that  is  1133.  Other 
dates  difeovered  lince,  are  1090,  at  Colcheller,  in  Kl- 
fex  ; Mi6or  1016,  at  bVidgel-hall,  near  Buntingford^; 
in  Hertlordibire  ; loii  on  the  north  front  of  the  pa- 
rifh  church  of  Rumfey  in  Hamplhire  ^ and  975  over 
a gate-way  at  Worceller. 

Dr.  Ward,  however,  has  urged  fevcral  objedlions 
againll  the  antiquity  of  thele  dates.  As  no  example 
occurs  of  the  ufe  of  thefe  figures  in  any  ancient  manu- 
fcrlpt,  earlier  than  fome  copies  of  Johannes  de  Sacro 
Boleo,  who  died  in  1256,  he  thinks  it  llrange  that 
thefe  Figures  Ihould  have  been  uled  by  artificers  fo 
long  before  they  appear  in  the  writings  of  the  learned  ; 
and  he  alfo  difputes  thefacl.  The  Flelmdon  date,  ac- 
cording to  him,  rnould  be  1233  ; the  Colcheller  date 
1490  ; that  at  Widgtl-hall  lias  in  it  no  Arabic  Fi- 
gures, the  I and  6 being  I end  G,  the  Initial  letters  of 
a name  ; and  the  date  at  Worceller  confills,  he  fup- 
pofes,  of  Roman  numerals,  being  really  MXV.  Mar- 
tyn’s  Abridg.  Philof.  Tranf.  vol.  9,  pa.  420. 

Mr.  Gibbon  olifcrves  (in  his  Hillory  of  the  Decline 
and  Fall  of  tlie  Roman  Empire,  vol.  v.  pa.  321). 
that  “ under  the  reign  of  the  caliph  Waled,  the  Greek, 
language  and  charaflers  were  excluded  from  the  ac- 
counts of  the  public  revenue.  If  this  change  was 
produdlive  of  the  invention  or  familiar  ufe  of  our  pre- 
fent  numerals,  the  Arabic  charadlers  or  cyphers,  as 
they  are  commonly  llyled,  a regulation  of  office  has 
promoted  the  moll  important  dlfcoveries  of  ai'ithmetic,. . 
algebra,  and  the  mathematical  fciences.’” 

On  the  other  band  it  maybe  obferved  that;  ac- 
cording to  a new,  though  probable  notion,  maintained 
by  M.  de  Vlllaifon)  Aneedota  Grarca,  tom.il.  p.  152, 
T57),  our  cyphers  are  not  of  Indian  or  Arabic  inven- 
tion. They  were  ufed  by  the  Greek  and  Latin  arith- 
meticians long  before  the  age  of  Boethius.  After  the. 
cxtlndlion  of  feience  in  the  well,  they  were  adopted 
in  the  Arabic  vtrfions  from  the  original  manuferipts, 

and 
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und  redorcd  to  the  Latins  about  the  ekveuth  ceri« 

Figures  in  AitrologYj  ^ clefcription,  draughti  or 
conftrudlion  of  the  (late  and  difpolltion  of  the  heavens, 
at  a certain  point  of  tinne  ; containing  the  places  of  the 
planets  and  liars,  marked  down  In  a Figure  of  13  trian* 
-gies,  called  lioufes.  This  is  ulfo  called  a Horcfcope, 
-and  Theme. 

Figup.e,  of  an  Eclipfe^  in  Allronomy,  denotes  a re- 
prefentation  upon  paper  &€,  of  the  path  or  orbit  of  the 
fun  or  moon,  during  the  time  of  the  eclipie  ; with  the 
different  phafes,  the  digits  eclipfed,  and  the  beginning, 
middle,  and  end  of  darknefs,  he. 

Figure,  or  DelmeatiGn,  of  the  full  moon,  fuch  as, 
viewed  through  a tdefcope  vvith,  two  convex  glaffes,  is 
c-f  coraiderable  ufe  in  obfervations  of  eclipfes,  and  con- 
jiinftions  of  the  moon  with  other  luminaries.  In  this 
Figure  are  ufually  reprefented  the  maculie  or  fpots  of 
the  moon,  marked  by  numbers ; beginning  with  the 
fpots  that  ufually  enter  hrll  within  the  fnade  at  the  time 
of  the  eclipfes,  and  alfo  emerg'c  the  lirft. 

Figure,  in  Conic  Sections,  according  to  ApoIlo» 
nius,  is  the  reCtangle  contained  under  the  latus-reCTarn 
and  the  tranfverfe  axis,  in  the  elHpie  and  hyperbola. 

Figure,  in  Fortilication,  is  the  plan  of  any  forti- 
fied place  ; or  the  interior  polygon,  &c.  When  the 
hides,  and  the  angles,  are  all  equal,  it  is  called  a regu- 
lar Figure  ; but  when  unequal,  an  irregular  one. 

Figure,  in  Geomancy,  is  applied  to  the  extremes  of 
points,  lines,  or  numbers,  thrown  or  caft  at  random  ; 
on  the  combinations  or  variations  of  which,  the  fages  of 
this  art  found  their  divinations. 

Figure,  in  Geometry,  denotes  a furface  or  fpace 
incloied  on  all  fides ; and  is  either  fiiperfidal  or  folid  ; 
fuperiicial  when  it  is  inclofed  by  lines,  and  folid  when  it 
is  incloied  or  bounded  by  furfaces. 

Figures  are  either  llraight,  curved,  or  mixed,  accord- 
inn  as  their  bounds  are  ftraight,  or  curved,  or  both. — - 


o 


The  exterior  bounds  of  a Fin:nre,  are  called  its  fides 


O 


the  lowed:  fide,  its  bafe  ; mid  the  amgular  point  oppo- 
fite  the  bafe,  the  vertex  of  the  Figure  j alfo  its  height, 
is  the  diftance  of  the  vertex  from  the  baie,  or  the  per- 
pendicular let  fall  upon  it  from  the  vertex. 

For  Elgiires^  equal,  equiangular,  equilateral,  cir~ 
cumfciibed,  infcrlbed,  plane,  regular,  irregular,  fimi- 
lar,.  &c  ; fee  the  refpeCfive  adjeTivcs. 

Apparent  Figure,  in  Optics,  that  Figure,  or  fhape, 
under  which  an  object  appears,  when  viewed  at  a dif- 
tance. This  is  often  very  different  from  the  true  fi- 
gure ; for  a llraight  line  viewed  at  a diftance  may  ap- 
pear but  as  a point ; a furface  as  a line  ; a folid  as  a 
furface  ; and  a crooked  figure  as  a ftraight  one.  Alfo, 
each  of  thefe  may  appear  of  different  magnitudes,  and 
fome  of  them  of  different  lhapes,  according  to  their 
fituation  with  regard  to  the  eye.  I'hus  an  arch  of  a 
circle  may  appear  a ftraight  line  ; a fquare  or  parallelo- 
gram, a trapezium,  or  even  a triangle ; a circle,  an  el- 
lipfis  5 angular  magnitudes,  round  ; a fphere,  a circle  j 

SiC. 

Alfo  any  fmall  light,  as  a candle,  feen  at  a diftance 
in  the  dark,  will  appear  magiiifted,  and  farther  off  than 
it  really  is.  Add  to  this,  that  when  feveral  objeTs  are 
feen  at  a diftance,  under  angles  that  are  fo  fmall  as  to 
be  iiifenfible,  as  well  as  each  of  the  angles  fubtended  by 


any  one  of  them,  and  that  next  to  it ; then  all  thefe 
objetls  appear  not  only  as  contiguous,  but  as  conftk 
tutin.g'’  and  feerning  but  one  continued  magnitude. 

Figure  of  the  Shies  ^ C fines,  Verfed fines.  Tangents, 
or  Secants,  idc,  are  Figures  made  by  conceiving  the 
circumference  of  a circle  extended  out  in  a right  line, 
upon  every  point  of  which  are  eredted  perpendicular 
ordinates  equal  to  the  Sines,  Coiines,  &c,  of  the  cor- 
refpondmg  arcs ; and  then  drawing  the  curve  line 
through  the  extremity  of  all  thefe  ordinates  ; which  is 
then  the  Figure  of  the  Sines,  Cofiiies,  &c. 

It  would  feem  that  thefe  Figures  took  their  rife  from 
the  circumilance  of  the  extenfion  of  the  lueridian  line  by 
Edward  V/right,  who  computed  that  line  by  colledling 
the  fucceffiYC  fums  of  the  fecants,  which  is  the  fame 
thing  as  the  area  of  the  Figure  of  the  fecants,  this 
being  made  up  of  all  the  ordinates,  or  fecanUs,  by  the 
conftruclion  of  the  Figure.  xVnd  in  imitation  of  this, 
the  Figures  of  ..the  other  lines  have  been  invented.  By 
means  of  the  Figure  of  the  fecants,  James  Gregory 
fnewed  how  the  logarithmic  tangents  may  be  con- 
ftrudted,  in  his  Exercitationes  Geometrlcss,  nto,  1668. 


Conf  ruclion  of  the  Figures  of  Sines,  C fines,  iFc. 

I-.et  ADB  &c  (fig.  I ) be  the  circle,  AI)  an  arc,  DE 
its  fine,  CE  its  coline,  AE  the  verfed  fine,  AF  the 
tangent,  GFI  the  cotangent,  CF  the  fecant,  and  CH 
the  cofecant.  Draw  a right  line  aa  equal  to  the  whole 
circumference  ADG BA  of  the  circle,  upon  which  lay 
off  alio  the  lengths  of  feveral  arcs,  as  the  arcs  at  every 
10®,  from  o at  a,  to  360*^  at  the  other  end  at  a j upon 
thefe  points  raife  perpendicular  ordinates,  upwards  or 
downwards,  according  as  the  fine,  cofine,-  8cc,  is  aftir- 
mative  or  negative  in  that  part  of  the  circle  ; laftly, 
upon  thefe  ordinates  fet  o:if  the  lencqh  of  the  fines,  co- 
fines, &c,  correfponding  to  the  arcs  at  thofe  points  of 
the  line,  or  circumference  aa,  drawing  a curve  line 
through  the  extremities  of  all  thefe  ordinates  j which 
Vvfill  be  the  Figure  of  the  fines,  cofines,  verfedfines,  tan- 
gents, cotangents,  fecants,  and  cofecants,  as  in  the  an- 
nexed Figures.  Vfhere  it  may  be  obferved?  that  the 
following  curves  are  the  fame,  viz,  thofe  of  the  fine" 
and  cofines,  thofe  of  the  tangents  and  cotangents,  and 
thofe  of  the  fecants  and  cofecants  ; only  fome  of  thtk 
parts  a little  differently  placed,  , 
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Tangents. 


Cotangents. 


It  may  be  known  wben  any  of  tbcfe  lines,  viz,  the 
fines,  coiincs,  ^c,  are  afiiiinative  or  negative,  i.  e.  to 
be  fet  upwards  or  downwards,  by  obi  .rving  the  fol- 
lowing general  rules  for  thole  lines  in  the  lit,  ad,  3d, 
and  4th  quadrants  'of  the  circle. 

The  fines  in  the  ill  and  ad  are  arhrmative, 

in  the  3d  and  4th  negative  : 

The  cofines  in  the  lif  and  4th  arc  affirmative, 

in  the  ad  and  3d  negative  : 

The  tangents  in  the  ift  and  3d  are  afrinnative, 

in  the  ad  and  4tli  negative; 

The  cotangents  in  the  ill  and  3d  are  affirmative, 

in  the  ad  and  4th  negative  : 

The  fecants  in  the  ill  and  4th  are  affirmative, 

in  the  ad  and  3d  negative  : 

The  cofecants  in  the  ill  and  ad  are  affirmative, 

in  the  3d  and  4th  negative  : 

And  all  the  verfedfines  are  affirmative. 

To  find  ihe  Equation  and  ^rea,  Isdc,  to  each  of  thefe  Curves. 

Draw  any  ordinate  de  ; putting  r ■=  the  radius  AC 
of  the  given  circle,  x ad  or  AD  any  abfeifs  or  arc, 
and  y =z  de  its  ordinate,  whiqh  will  be  either  the  fine 
DE  = s,  coline  CE  1=  c,  veriedfme  AE  — v,  tan- 
gent AF  =r  cotangent  GH  t,  fecant  CF  = f,  or 
cofecant  CH  = c,  according  to  the  nature  of  the  par- 
ticular conftrudlion.  Now,  from  the  nature  of  the 
circle,  are  obtained  thefe  following  general  equations, 
expreffing  the  relations  between  tlie  fluxions  of  a circu- 
lar arc  and  its  line,  or  cofine.  See. 


rs 


— rc 


rv 


r^t 


K = 


Vr-~s' 


rFjr;i 


— c' 

^ rf 

h'f 


2rv  —w 


■r'^cr 


And  thefe  alfo  exprefs  the  relation  between  the  abfeifs- 
and  ordinate  of  the  curves  in  quellion,  each  in  the  or- 
der in  Avhich  it  hands  ; where  .v  is  the  common  abfeifs  to 
all  of  them,  and  tlie  refpedlive  ordinates  are  r,  c,  v,  t, 
T,/,  and  <j.  And  hence  the  area  <Scc,  of  any  of  thefe 
curves  may  be  found,  as  follows  : 


I.  In  the  Figvre  of  Sines.' — Here  x •=  ad,  and  s = 
the  ordinate  de ; and  the  equation  of  tlie  curve,  as^ 


above,  is  v = 


rs 


\/r'^  - 


Hence  the  fluxion  of  the 


rss 


area,  or  sx  is 


V 


; the  corredl  fluent  of  which  13 


r ' 


r\/r^  _ 


— j-“ 
.2 


s"  — r^  — rc  = rv  the  redlangle  of  ra- 
dius and  verf.  i.  e.  — or  ffi  as  j is  increaiing  or  decreaf- 
ing  ; which  is  a general  expreffion  for  the  area  ade  in, 
the  Figure  of  lines.  When  j-  nr  o,  as  at  a or  h,  this 
expreflion  becomes  o or  ir'^  ; that  is  o at  a,  and  2r^ 
=n  the  area  ach  ; or  / * = the  area  of  afg  when  ad  be- 
comes a quadrant  af. 

2.  In  the  Figure  of  Cofines. — Here  w rz:  riJ^and 
c nn  de  ; and  the  equation  of  the  curve  is 


— rc 


X — 


CX  =n 


V r^  _ 


~rcc 


Hence  the  fluxion  of  the  area  is- 


~-jzs:Lr  ^ — :: ; and  the  fluent  of  this  is  r — C 


f r'^  — 


= rs,  the  redlangle  of  radius  and  fine,  for  the  gene- 
ral area  adec.  When  s =r,  or  c = o,  this  becomes  r^  — 
the  area  afe,  whofe  abfeifs  af  is  equal  to  a quadrant  of 
the  circumference  ; the  fame  as  in  the  Figure  of  the 
fines,  upon  an  equal  abfeifs. 

3.  In  the  Figure  of  Verfedfines. — Here  x rz  ad,  and 
V = de  ; and  the  equation  of  the  curve  is 


r-v 


X = 


2 rv  — w 

m 

rw 


vx  z= 


Hence  the  fluxion  of  the  area  is 
rv  jf  V 


and  the  fluent  of 


2r 


V 


2rv  — w 

this  is  rx  — rs  = r X AD  — DE  for  the  area  ade  in 
the  Figure  of  verfed  fines.  When  AD  or  ad  is  a qua- 
drant AG  or  af,  this  becomes  - - = the 

2 

area  afg.  And  when  AD  or  ad  is  a femicircle  ah,  it 
becomes  3 ’iqibr*  = the  area  ahg  in  the  Figure  of  verfed- 
fines. 

4.  In  the  Figure  of  Tangents. — Here  x = ad,  and 


t =z  de ; and  the  equation  of  the  curve  is  x 
Hence  the  fluxion  of  the  area  is  tx  = — ■ 


+ t‘ 


r'^tt 


^ 4- 

the  correfl  fluent  of  this  is  \r'^  X hyp.  log.  of 

^2  _j_  ^ ^ yT- 


and 


.-2 


X hyp.  log. of- 


— r'^  X hyp.  log. 


of/. 


And  hente  the  Figure  of  the  tangents  may  be 


ufed  for  conllrudling  the  logarithmic  fecants  ; a pro- 
perty that  was  remarked  by  Gregory  at  the  end  of  his 
Exercit.  Geomet. 

When  ad  becomes  a quadrant  af,  t being  then  infi- 
nite, this  becomes  infinite  for  the  area  afg.  And  the 
fame  for  the  Figure  of  cotangents,  beginning  at  f in- 
fi.ead  of  a. 

i 5.  For 
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5.  JTor  the  Figure  of  the  Secanfs.^UcTQ  ►v  = Uuf  and 

,.y 


f :=z  de  ; and  the  equation  of  the' curve  is  x =. 


Hence  the  fluxion  of  the  area  is  fx 


fluent  of  which  is  X hyp.  log.  of 


JVj--  _ 

'•y 


; the 


/+ 


for  the  general  area  ade.  And  when  ad  becomes  the 
quadrant  af,  this  exprefiion  becomes  inflnite  for  the 
area  afg. 

The  fame  procefs  will  ferve  for  the  Figure  of  cofe- 
cants,  beginning  at yhnftead  o^a. 

From  hence  the  meridional  parts  in  Mercator’s  chart 
may  be  calculated  for  any  latitude  AD  or  ad : For  the 
merid.  parts  : are  to  the  arc  of  latitude  AD  : ; as  the 
fum  of  the  iecants  : to  the  fum  of  as  many  radii  or  : : 
as  the  area  ade  : to  ad  X radius  ac  or  AD  X AC  in 
the  firfl  flgure. 

FILLET,  in  Architecture,  any  little  fqiiarc  mem- 
ber or  ornament  ufed  in  crowning  a larger  moulding. 

FINjEL^S  (Orontius),  in  French  ALL  profeflbr 
of  mathematics  in  the  Royal-college  of  Paris,  was  the 
fon  of  a phyfician,  and  was  born  at  Brian^on  in  Dau- 
phine  in  1494.  He  went  young  to  Paris,  where  his 
Liends  procured  him  a place  in  the  college  of  Navarre. 
Fie  applied  himfelf  there  to  philofophy  and  polite  lite- 
rature ; but  more  efpecially  to  mathematics,  in  which, 
having  a natural  propenf]ty,he  made  a confiderable  profi- 
.ciency.  Particularly  he  made  a good  progrefs  in  mecha- 
nics ; in  which,  having  both  a genius  to  invent  inftru- 
ments,  and  a fl^ilful  hand  to  make  them,  he  gained 
much  reputation  by  the  fpecimens  he  gave  of  his  inge- 
nuity. 

Finasus  firfl:  made  himfelf  publicly  known  by  corredl- 
ing  and  publifiiing  Siliceus’s  Arithmetic.,  and  the  Mar-- 
garita  Phllofophica.  He  afterwards  read  private  lec- 
tures in  mathematics,  and  then  taught  that  fcience  pub- 
licly in  the  college  of  Gervais  : from  the  reputation  of 
which,  he  was  recommended  to  Francis  the  ift,  as  the 
properell  perfon  to  teach  mathematics  in  the  new  col- 
lege which  that  prince  had  founded  at  Paris.  And 
here,  though  he  fpared  no  pains  to  improve  his  pupils, 
he  yet  found  time  to  publiih  a great  many  books  upon 
moft  parts  of  the  mathematics.  But  neither  his  genius, 
his  labours,  his  inventions,  and  the  elleem  which  num- 
"berlefs  perlons  fhewed  him,  could  fecure  him  from  that 
fate  which  fo  often  befalls  men  of  letters.  He  was  ob- 
liged to  llruggle  all  his  life-time  with  poverty  ; and 
when  he  died,  left  a numerous  family  deeply  in  debt. 
However,  as  merit  mull  always  be  efieemed  in  fecret, 
though  it  feldom  has  the  luck  to  be  rewarded  openly  ; 
fo  Finreurds  children  found  Mecaenafes,  who  for  their 
father’s  fake  afiifted  his  family.- — He  iii  1555? 

■61  years  of  age. 

Like  all  other  mathematicians  and  aftronomers  of 
thofe  times,  he  was  g;reat]y  addidled  to  aftrology  ; and 
had  the  misfortune  to  be  a long  time  iraprifoned  for 
having  predidled  fome  things,  that  were  not  acceptable 
to  the  court  of  France.  He  Avas  alfo  one  of  thofe,  who 
vainly  boaiFed  of  having  foimd  out  the  quadrature  of 
tlic  circle.  .An  edition  of  his  tvorks,  .tranflatedinto  the 


Italian  language,  v/as  publifhed  in  qto,  at  Venice,  1587; 
confining  of  Arithmetic,  PraTical  Geometry,  Cofino- 
graphy,  Aftronomy,  and  Dialling. 

FINITE,  the  property  of  any  thing  that  is  bound- 
ed or  limited,  either  in  its  power,  or  extent,  or  duration, 
See  ; as  dillinguiflied  from  the  property  of  infinite,  or 
without  bounds. 

FINITOR,  the  horizon  ; being  fo  called,  becaufe 
it  finifires  or  bounds  the  fight  or  profpedt. 

FIRE,  is  that  fiibtile  inviiible  caufeby  which  bodies 
are  made  liot  to  the  touch,  and  expanded  or  enlarged  in 
bulk  ; by  which  fluids  are  rarefied  into  vapour  ; or  fo- 
lid  bodies  become  fluid,  and  at  laft  either  diflipated  and 
carried  off  in  vapour,  or  elfe  melted  into  glafe.  It  feems 
alfo  to  be  the  chief  agent  in  nature  on  which  animal  and 
vegetable  life  have  an  immediate  dependence. 

The  difputes  concerning  fire,  which  long  exifted 
among  pliilofophers,  have  now  in  a great  meafure  fub- 
fided.  Thofe  celebrated  philofophers  of  the  laft  cen- 
tury, Bacon,  Boyle,  and  Newton,  were  of  opinion,  that 
Fire  was  not  a fubftance  diftindl  from  other  bodies,  but 
that  it  entirely  confifted  in  the  violent  motion  of  the 
parts  of  any  body,  which  was  produced  by  the  mecha- 
nical force  of  impulfion,  or  of  attrition.  So  Boyle 
fays,  when  a piece  of  iron  becomes  hot  by  hammering, 
“ there  is  nothing  to  make  it  fo,  except  the  forcible 
motion  of  the  hammer  imprefling  a vehement  and  va- 
rioufly  determined  agitation  on  the  fmall  parts  of  the 
iron.”  And  Bacon  defines  heat,  which  he  makes  fyn- 
onymous  with  Fire,  an  “ expanfive  undulatorj^  motion 
in  the  minute  particles  of  a body,  whereby  they  tend 
with  fome  rapidity  from  a centre  towards  a circumfer. 
ence,  and  at  the  fame  time  a little  upwards.”  And  ac- 
cording to  Newton,  Fire  is  a body  heated  fo  hot  as'to 
emit  light  copioufly  ; for  what  elfe,  fays  he,  is  red-hot 
iron,  but  Fire  ? and  what  elfe  is  a fiery  coal  than  red- 
hod  wood  ? by  which  he  fuggefts,  that  bodies  which  arc 
not  Fire,  may  be  changed  and  converted  into  it. 

On  the  other  hand,  the  chemifts  llrenuoufly  contend- 
ed that  Fire  was  a fluid  of  a certain  kind,  diftindt  from 
all  others,  and  univerfally  prefent  throughout  the  whole 
globe.  Boerhaave  particularly  maintained  this  dodtrine  ; 
and  in  fiipport  of  it  brought  this  argument,  that  flint  and 
fteel  would  ftrike  fire,  and  produce  the  fame  degree  of 
heat  in  Nova  Zembla  as  they  would  do  under  the  equa- 
tor. Other  arp;uments  were  draAvn  from  the  incrcafed 
weight  of  metallic  calces,  which  they  thought  proceed- 
ed from  the  fixing  of  the  element  of  Fire  in  the  fub- 
fl:ance  whofe  weight  was  thus  increafed.  For  a long 
time  however,  the  matter  Avas  moft  A’iolently  difputed  ; 
but  the  mechanical  philofophers  at  laft  pre\^alled  through 
the  deference  paid  to  the  principles  of  Newton,  though 
he  himfelf  had  fcarcely  taken  any  adllve  part  in  the 
conteft. 

The  experiments  of  Dr.  Black  hoAvever  feemed  to 
bring  the  difpute  to  a decifion,  and  that  in  favour  of 
the  chemifts,  concerning  what  he  called  latent-heat. 
From  thefe  difeoveries  it  appears,  that  Fire  may  exift 
in  bodies  in  fuch  a manner,  as  not  to  difeover  itfelf  in 
any  other  Avay  than  by  it-s  adtion  on  the  minute  parts  of 
the  body  ; but  that  fuddenly  this  adllon  may  be  changed 
in  fuch  a manner,  ae  no  longer  to  be  diredted  upon  the 
particles  of  the  body  itfelf,  but  upon  external  objedls  ; 
in  Avhich'cafe  we  then  perceive  its  adlion  by  our  fenfe  of 
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feelmg,  or  dlfcover  it  by  the  thermometer,  and  call  it 
heat,  or  fenfible  Fire. 

From  this  difcovery,  and  others  in  electricity,  it  is 
now  pretty  generally  allowed,  that  Fire  is  a diftiiaft  fluid, 
capable  of  being  transferred  from  one  body  to  another. 
But  when  thk  was  difcovered,  another  quehion  no  lefs 
perplexing  arofe,  viz,  what  kind  of  a fluid  it  was  ; or 
whether  it  bears  any  analogy  to  thofe  with  which  we  are 
better  acquainted.  Now  there  are  found  two  fluids,  viz, 
the  folar  light,  and  the  eledlric  matter,  both  of  w^hich  oc- 
cafionally  aCf  as  fire,  and  which  therefore  feem  likely  to 
be  all  the  fame  at  the  bottom  ; and  popularly  the  mat- 
ter has  been  long  fmce  determined  ; the  folar  rays  and 
the  eledtric  fluid  having  been  indifferently  accountexl  ele- 
mentary Fire.  Some  indeed  have  imagined  both  thefe 
fluids  to  be  mere  phlogifton  itfelf,  or  at  leafl:  containing 
a large  portion  of  it  ; and  Mr.  Scheele  went  fo  far  in 
this  way  as  to  form  an  hypothefis,  which  he  endea- 
voured to  fupport  by  experiments,  that  Fire  is  com- 
pofed  of  phlcgillon  and  dephlogiilicated  air.  But  it  is 
now  afcertained  beyond  doubt,  that  the  refult  of  fuch  a 
combination  is  not  Fire,  but  fixed  air. 

It  was  long  Fmce  obferved  by  New’ton,  that  heat  w^as 
certainly  conveyed  by  a medium  more  fubtile  than  the 
common  air;  for  two  thermometers,  one  included  in 
the  vacuum  of  an  air-pump,  the  other  placed  in  the 
open  air,  at  an  equal  dillance  from  the  fire,  wmuld 
grow  equally  hot  in  nearly  the  fame  time.  This  and 
other  experiments  fnew,  that  Fire  exifis  and  a£ts  where 
there  is  no  other  matter,  and  of  confequence  it  is  a fluid 
per  fe,  independent  of  every  terreftrial  fubftance,  with- 
out being  generated  or  compounded  of  any  thing  we 
are  y'et  acquainted  with.  To  determine  the  nature  of 
the  fluid,  we  have  only  to  confider  whether  any  otlier 
can  be  difcovered  which  will  pafs  through  the  perfedl 
vacuum  juil  mentioned,.and  adf  there  as  Fire.  Such  a 
fluid  is  found  in  the  folar  light,  which  is  well  known 
to  adl  even  in  vacuo  as  the  moll:  violent  Fire.  The 
folar  light  will  like  wife  abb  in  the  very  fame  manner 
in  the  moll  intenfe  cold ; for  M.  de  Saufliire  has 
found,  tliat  on  the  cold  mountain  top  the  fun-beams 
are  equally  powerful  as  on  the  plain  below,  if  not 
more  fo.  It  appears  therefore,  that  the  folar  light 
will  produce  heat  independent  of  any  other  fub- 
ftance whatever ; that  is,  where  no  other  body  is  pre- 
fent,  at  leaft  as  far  as  we  can  judge,  except  the  light 
itfelf,  and  the  body  to  be  abled  upon.  We  cannot 
therefore, avoid  concluding,  that  a certain  modification 
of  the  folar  light  is  the  caufeofheat,  expanfion,  va- 
pour, &c,  and  anfwcrs  to  the  reft  of  the  charatbers 
given  in  the  foregoing  definition  of  Fire,  and  that  in- 
dependent of  any  other  fubftance  whatever. 

It  is  very  probable  too,  that  the  elcblric  matter  is 
no  other  than  the  folar  light  abforbed  by  the  earth, 
and  thus  becoming  fubjebt  to  new  laws,  and  affuming 
many  properties  apparently  different  from  what  it  has 
when  it  a<ffs  as  light.  Even  In  this  cafe  it  manifefts  Its 
identity  wuth  Fire  or  light,  viz,  hy  producing  a moft  in- 
lenfe  heat  where  a hirge  quantity  of  it  paffes  through  a 
fmall  fpace.  So  that  at  any  rate,  the  experiments 
which  have  already  been  made,  and  the  proofs  drawn 
from  the. phenomena  of  nature,  fliew  fuch  a ftrong  affi- 
nity between  the  elements  of  Fire,  llglit  and  electricity, 
that  we  may  not  only  affert  their  identity  upon  tlie 
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moft  probable  grounds,  hut  lay  it  down  as  a pofitioa 
againft  which  at  prefent  no  argument  of  any  w'elglit 
has  an  exiltence. 

FiRE-^rrow,  is  a fmall  iron  dart,  furniflied  with 
fprings  and  bars,  and  alfo  a match  impregnated  with 
fulphiir  and  powder,  which  Is  wound  about  its  ffiaft. 
It  Is  chiefly  ufed  by  privateers  and  pirates  to  fire  the 
fails  of  the  enemy’s  fliip,  and  for  this  purpofe  it  is  dif- 
charged  from  a mufleetoon,  or  a fwivel  gun.  ffbie  match 
being  kindled  by  the  explofion,  it  communicates  the 
flame  to  the  fail  againft  which  it  is  directed,  wliere  the 
arrow  faftens  Itfelf  by  means  of  Its  bars  and  fprings. 
This  weapon  is  peculiar  to  hot  climates,  particularly 
the  Weft  Indies;  the  fails  being  very  dry,  are  quickly 
fet  on  Fire,  and  the  Fire  is  foon  conveyed  to  the 
mafts,  rigging,  and  finally’"  to  the  veffcl  itfelf. 

YiRE-Ita/is,  in  Artillery,  are  certain  balls  compofed  of 
combuftible  matters,  fuch  as  fine  or  mealed  powder, 
fulphur,  faltpetre,  rofin,  pitch,  See.  T'hefe  are  thrown 
into  the  enemy’s  works  in  tlie  night  time,  to  difeover 
where  they  are  ; or  to  fet  Fire  to  houfes,  galleries,  or 
blinds  of  the  befiegers,  Sec.  They  are  fometimes  armed 
with  fpikes  or  liooks  of  Iron,  that  they  may  not  roll 
off,  but  ftick  or  hang  where  they  are  to'  take  effe6l. 

FiRE-/iu//j,  or  Fiery-Meteors,  in  Meteorology,  a 
kind  of  luminous  bodies  ufually  appearing  at  a great 
height  above  the  earth,  with  a fplendor  furpafiing  that 
of  the  moon,  and  fometifnes  apparently  as  large.  They 
have  not  been  found  to  ohferve  any  regular  courfe  or 
motion,  but,  on  the  contrary,  moving  in  all  diredflons, 
and  with  very"  different  degrees  of  celerity  ; frequently 
breaking  Into  feveral  fmallcr  ones  ; fometimes  making 
a ftrong  biffing  found,  fometimes  burfting  or  vanlflilng 
with  a loud  report,  and  fometimes  not. 

Thefe  luminous  appearances  douhtlefs  conftitute  one 
part  of  the  ancient  prodigies,  bla’/.m^  ftars,  or  comets, 
which  laft  they  iometimes  refemble  in  bang  attended 
with  a train  ; but  more  often  they  appear  round.  The 
firft  of  thefe  of  which  we  have  any"  accurate  account, 
was  obferved  b\'  Dr.  Halley",  and  fome  other  philofo- 
phers  at  different  places,  in  the  ■v"ear  1719,  the  height  of 
which  above  the  furface  of  the  earth  was  computed  at 
more  than  70  miles.  Many  others  have  been  pretty 
accurately"  obferved  fince  that  time,  and  defcribed  by 
philofophcrs,  as  in  the  French  Memoirs,  and  in  the 
Pliilof.  Ti-anf.  Yols.  30,  41,  42,  43,  46,  47,  48,  51, 
53,  54,  63,  74,  &c.  The  velocities,  diredlions,  ap- 
pearances, and  heights  of  all  thefe  were  found  to  be 
very  various  ; though  the  height  of  all  of  them  was  fup- 
pofed  above  the  limits  alfigned  to  our  atmofphere,  or 
v/here  it  lofcs  its  refraflive  power.  The  moft  re- 
markable of  thofe  on  record,  'appeared  on  the  i8th  of 
Auguft  1783,  about  9 o’clock  in  the  evening.  It  was 
feen  to  the  nortliward  of  Shetland,  and  took  a foutli- 
eafterly  direftloii  for  an  Immenfe  fpace,  being  obferved 
as  far  as  the  fouthern  provinces  of  France,  and  by"  fomc 
it  was  faid  to  have  been  feen  at  Rome,  pafling  over  a 
fpace  of  I coo  miles  In  'about  half  a minute  of  time, 
and  at  a very  great  height.  During  Its  courfe  it  ap- 
peared feveral  times  to  eliange  its  liiape  ; fometimes 
appearing  in  the  form  of  one  hall,  fometimes  of  t\vo 
or  more  ; fometimes  with  a train,  and  fometimes  with- 
out one. 

'I'hcre  arc  divers  opinions  concerning  the  nature  and 
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♦ngin  of  tliefe  Fire-balls.  The  firft  thing  that  occur- 
red to  philofophcrs  on  thi]S  fubjedt  was,  that  the  me- 
teors in  queftion  were  burning  bodies  rifing  from  the 
furface  of  the  earth,  and  flying  through  the  atmo- 
fphere  with  great  rapidity.  But  ihis  hypothefis  was 
foon  rejected,  on  confidering  that  there  was  no 
power  knoAvn  by  which  fuch  bodies  could  either  be 
raifed  to  a fuflicient  height,  or  projedted  with  the  ve- 
locity of  the  meteons.  The  next  hypothefis  was,  that, 
infliead  of  one  Angle  body,  they  confifl  of  a train  of 
fulphiireous  vapours,  extending  a vail  way  through  the 
atmofphere,  and  being  kindled  at  one  end,  diiplay  the 
luminous  appearances  in  queftion  by  the  fire  running 
from  one  end  of  the  train  to  the  other.  But  it  is 
not  eafy  to  conceive  how  fuch  matters  can  exift  and 
be  difpofed  in  fuch  lines  in  fo  r?.re  a part  of  the  atmo- 
fphere,  and  even  to  burn  there,  in  an  aimoft  perfedt 
vacuum.  For  which  reafon  this  hypothefis  was  aban- 
doned, for  another,  which  was,  that  thofc  meteors  are 
permanent  folid  bodies,  not  rifing  from  the  earth,  but 
revolving  round  it  in  very  excentric  orbits,  and  thus 
in  their  perigeon  moving  with  vaft  rapidity.  But  as 
the  various  appearances  of  one  and  the  fame  meteor, 
to  obfervers  at  diflerent  places,  are  not  compatible  with 
the  idea  of  a Angle  body  fo  revolving,  this  hypotheAs 
has  alfo  been  given  up  in  its  turn.  Another  hypo- 
theAs that  has  fometimes  been  advanced  is  this ; viz, 
that  thefe  meteors  are  a kind  of  bodies  that  take  Are 
as  foon  as  they  come  within  the  atmofphere  of  the 
earth.  But  this  cannot  be  fuppofed  without  implying  a 
previousknowledge  of  thefe  bodies,  which  it  is  impoffible 
we  can  have.  The  only  opportunity  we  can  have  of  fee- 
ing them,  is  when  they  are  on  Are.  Beforethat  time  they 
dre  in  an  invifiblc  and  unknown  ftate ; and  it  is  furely 
improper  to  argue  concerning  them  in  this  ftate,  or 
pretend  to  determine  any  one  of  their  properties,  when 
it  is  not  in  our  power  at  all  to  fee  or  inveftigate  them. 
As  thefe  meteors  therefore  never  manifeft  themfelves 
to  our  fenfes  but  when  they  are  on  fire,  the  only  ra- 
tional concluAon  we  can  draw  from  thence  is,  that  they 
have  no  exiftence  in  any  other  ftate  ; and  confequently 
that  their  fiibftance  muft  be  compofed  of  that  fluid 
which,  when  adling  after  a certain  manner,  becomes 
luminous  and  fliews  itfelf  as  fire  ; remaining  invifible 
and  eluding  our  refearches  in  every  other  cafe.  Ofi  this 
hypothefis,  it  is  now  pretty  generally  concluded,  that 
the  Fire-balls  are  great  bodies  of  eledlric  matter,  mov- 
ing from  one  part  of  the  heavens  where,  to  our  con- 
ception, it  is  fuperabundant,  to  another  where  it  is  de- 
ficient : a concluAon  attended  with  much  probability, 
from  the  analogy  obferved  between  eleftricity  and  the 
phenomena  of  thefe  meteors  : and  hence  thefe  Fire- 
balls appear  to  be  of  the  fame  family  with  fhooting- 
ftars,  lightning,  the  aurora-borealis,  &c,  being  all  refer- 
red to  the  fame  origin,  viz,  the  eledlricity  of  the  atmo- 
fphere. 

YiRE-Enginey  is  a machine  for  extinguiftiing  acci-' 
dental  h'ires  by  means  of  a ftream  or  jet  of  water.  The 
common  fquirting  Fire-engine  conAfts  of  a lifting  pump 
qjlaced  in  a veflel  of  water,  and  v/rought:  by  two  levers 
that  a6l  always  together.  During  the  ftroke,  the  wa- 
ter raifed  by  the  “pifton  of  the  pump  fpouts  forcibly 
through  a pipe  joined  to  the  pump-barrel,  and  made  ca- 
pable of  any  degree  of  elevation  by  meana  of  a yield- 


ing leather  pip^,  or  by  a ball  and  focket  turning  every 
v/ay,  ferewed  on  the  top  of  the  pump.  Tlie  veflel 
containing  the  water  is  covered  with  a ftrainer,  to  pre- 
vent the  mud,  &c,  which  is  poured  into  it  Avith  the 
water,  from  clioking  the  pump-work.  Between  the 
ftrokes  of  this  engine  the  ftream  is  difeontinued,  for 
want  of  an  air  veflel.  However,  in  feme  cafes,  En- 
gines of  this  conftruflion  have  their  ufe,  becaufe  the 
ftream,  though  interrupted,  is  much  fmarter  than  when 
the  engine  is  made  to  throw  v/ater  in  a continued 
ftream.  See  thefe  Engines  particularly  deferibed  in  Def- 
aguliers’s  Exper.  Philo f.  vol.  2,  pa.  505  ; or  Mar- 
tin’s Philof.  Britan,  vol.  2,  pa.  69.  See  alfo  the  figure 
of  them,  plate  viii.  Ag.  3. 

TiKE-Engme,  is  alfo  fometimes  ufed  for  the  machine 
employed  in  raifing  water  by  fleam,  and  more  properly 
called  SrEAM-Engine ; which  fee. 

Fire-Z/OC/^,  or  jF^/,  a fmall  gun  or  mufleet,  which 
fires  with  a flint  and  fteel ; as  diftinguifhed  from  the  old 
mufleet,  or  match-lock,  which  was  fired  with  a match. 
The  Fire-lock  is  now  in  common  ufe  with  the  European 
armies,  and  carried  by  the  foot-foldiers.  It  is  ufually 
about  3 feet  8 inches  in  the  barrel ; and,  including  the 
ftock,  4 feet  8 inches,  carrying  a leaden  bullet,  of  which 
29  make  2lb.  The  diameter  of  the  ball  is  *55,  and  that 
of  the  barrel  *56  parts  of  an  inch.  The  time  of  the  in- 
vention of  Fire-locks  is  uncertain  ; but  they  Avere  ufed 
in  1690.  ' 

FiKE-PIacesy  are  contrivances  for  communicating  heat 
to  rooms,  and  alfo  for  anfwering  various  purpofes  of  art 
and  manufadlure. 

The  general  properties  of  air  and  fire,  on  which 
their  conflrudfion  chiefly  depends,  are  the  following, 
viz,  that  air  is  rarefied  by  heat,  andcondenfed  by  cold; 
i.  e.  the  fame  quantity  of  air  takes  up  more  fpace  when 
warm  than  v/nen  cold.  Air  rarefied  and  expanded  by 
heat,  is  fpecifically  lighter  than  it  was  before,  and  Aviil 
rife  in  other  air  of  greater  denfity : fo  that  a fire  being 
made  in  any  chimney,  the  air  about  and  over  the  fire 
is  rarefied  by  the  heat,  thence  becomes  lighter,  and 
fo  rifes  in  the  funnel,  and  goes  out  at  the  top  of  the 
chimney  : the  other  air  in  the  room,  flowing  towards 
the  chimney,  fiipplies  its  place,  is  then  rarefied  in  its 
turn,  and  rifes  likewife ; and  the  place  of  the  air  thus 
carried  out  of  the  room,  is  fupplied  by  frefn  air  coming 
in  through  doors  and  v/indows,  or,  if  they  be  fliut, 
through  every  crevice  with  violence  ; or  if  the  avenues 
to  the  room  be  fo  clofed  up,  that  little  or  no  frefh  fup- 
ply  of  air  can  be  obtained,  the  current  up  the  funnel 
muft  flag  ; and  the  fmoke,  no  longer  driven  up,  float 
about  ill  the  room. 

Upon  thefe  principles,  various  contrivances  and 
kinds  of  Fire-grates  and  lloves  have  been  devifed,  from 
the  old  very  open  and  wide  chimney  places,  dowm  to 
the  prefect  rnodifn  ones,  which  are  much  narrowed 
in  the  front,  opening,  by  fide  and  back  jambs,  and  a 
low  breaft  or  mantle,  befides  the  convenience  of  a flap, 
called  a regifter,  that  covers  the  top  of  the  Fire-ftove, 
but  opening  to  any  degree  with  a fmall  winch,  which 
lifts  the  back  part  doping  upwards,  and  fo  throws  the 
fmoke  freely  up  the  funnel,  and  yet  admitting  as  little 
air  to  pafs  as  you  pleafe  ; by  which  Ample  means  the 
warm  air  is  kept  very  much  in  the  room,  Avhile  the  very 
narrow  and  Hoping  orifice  promotes  the  brifk  afeent  of 
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t^ie  fmoke,  and  yet  prevents  its  return  down  again,  for 
the  fame  reafon. 

Another  very  ingenious,  but  more  complex,  appara- 
tus, called  the  Penfylvania  Fire-place,  was  invented  by 
Dr.'  Franklin,  by  which  a room  is  kept  verj^  warm 
by  a conftant  fupply  of  frefh  hot  air,  that  pafies  into 
it  through  the  ilove  itfelf.  See  the  defcription  in  his 
Letters  and  Papers  on  Philofopliical  Subjeds. 

Fire-P&/,  in  the  Militaiy  Art,  is  a fmall  earthen 
pot,  into  which  is  put  a grenade,  iilled  witli  fijie  pow- 
der till  the  grenade  be  covered  ; the  pot  is  then  covered 
with  a piece  of  parchment,  and  two  pieces  of  match  laid 
acrofs  and  lighted.  This  pot  being  thrown  where  it 
is  defigned  to  do  execution,  breaks  and  hres  the  pow- 
der, and  this  again  fires  the  powder  in  the  grenade, 
which  ought  to  have  no  fuze,  that  its  operation  may 
be  the  quicker, 

Rnfanty  or  Fire,  is  a fire  from  the  artillery 

and  fmail  arms,  diredled  parallel  to  the  horizon,  or  to 
thofe  parts  of  the  works  of  a place  that  are  defended. 

Running  Fire,  is  when  ranks  of  mien  fire  one  after 
another;  or  when  the  lines  of  an  army  are  drawn  out 
to  fire  on  account  of  a viciorv  ; in  which  cafe  each 
fquadron  or  battalion  takes  the  fire  from  that  on  its 
right,  fix)m  the  right  of  the  firll  line  to  the  left,  and 
from  the  left  to  the  right  of  the  fecond  line,  &c. 

Vi9.'£.-ShipSy  in  the  Navy,  are  vefids  charged  with 
combuilible  materials  or  artificial  Fire-works  ; which 
having  the  wind  of  an  enemy’s  fiiip,  grapple  her,  and 
fet  her  on  fire. 

' Anderfon,  in  his  Hiftory  of  Commerce,  vol.  i,  pa. 
432,  aicribes  the  invention  to  the  En  glifii,  in  this  in- 
ilance,  viz,  fome  veffels  being  filled  with  combuftible 
matter,  and  fent  among  the  Spanifh  fliips  compofing 
the  Invincible  Armada  in  1588  ; and  hence  arofe  it  is 
faid  the  terrible  invention  of  Fire-fiiips. 

But  Livy  informs  us,  that  the  Rhodians  had  invent- 
ed a kind  of  Fire-fhips,  which  were  ufed  in  jundion 
w ith  the  Roman  fleet  in  theii  engagement  with  the 
Syrians,  in  the  year  190  before  Chrift  : cauldrons  of 
combuftible  and  burning  materials  were  hung  out  at 
their  prow's,  fo  that  none  of  the  enemies'  (hips  durft  ap- 
proach them : for  thefc  fell  on  the  enemies’  gallies,  ftruck 
their  beaks  into  them,  and  at  the  fame  time  fet  them  on 
fire.  Livy,  lib.  37,  cap.  30. 

/F/AZ-Fire,  is  a kind  of  artificial  or  factitious  fire, 
that  burns  even  under  w^ater,  and  that  with  greater  vio- 
lence than  out  of  it.  It  is  compofed  of  fulphur,  naphtha, 
pitch,  gum,  and  bitumen,  and  it  is  only  extinguifhable 
by  vinegar,  mixed  with  land  and  urine,  or  by  covering 
it  with  raw  hides.  It  is  faid  its  motion  is  contrary 
to  that  of  natural  fire,  always  following  the  di’.'edtion  in 
w'hich  it  is  thrown,  whether  it  be  downwards,  fideways, 
©r  otherwife. 

The  French  call  it  Greek  Fire,  or  Feu  Gregeois, 
Becaufe  firft  ufed  by  the  Greeks  about  the  year  660, 
as  is  obferved  by  the  Jefuit  Petavius,  on  the  authority 
of  Nicetas,  Thcophanes,  Cedrenus,  &c.  The  inventor, 
according  to  the  lame  author,  w’-as  an  engineer  of  He- 
liopolis, in  Syria,  named  Callinicus,  who  firft  applied  it 
in  the  fea-fip;ht  commanded  by  Conftantine  Pogoiiates, 
againfl  the  Saracens,  near  Cyzicus,  in  the  Hellefpont  ; 
and  with  fuch  eflefi,  that  he- burnt  the  whole  fleet, 
which  contained  30,000  men.  i But  others  refer  it  to 


a much  older  date,  and  aferibe  the  invention  to  Marcus 
Gracchus ; an  opinion  which  is  fupported  by  ieveral 
paffages,  both  in  the  Greek  and  Roman  writers  ; wFich 
fliew  that  it  was  anciently  ufed  by  both  thefe  nations  in 
their  wars.  See  Scaligcr  againli  Cardan. 

• The  fucceflers  of  Conftantine  ufed  it  on  feveral  oc- 
cafions,  with  great  advantage  ; and  it  is  remarkable  that 
they  were  able  to  keep  the  fecret  of  the  compofition  to 
thenifelves  ; fo  that  no  other  nation  knew  it  in  the  year 
960. 

It  is  recorded  by  Chorier,  in  his  Hift.  de  Dauph.  that 
Hugh,  king  of  Burgundy,  demanding  ftiips  of  the  em- 
peror I.eo  for  the  fiege  of  Fi'efne,  defired  alfo  the 
Greek  Fire. 

And  I*\  Daniel  gives  a good  defcription  of  the  Greek 
Fire,  in  his  account  of  the  fiege  of  Damietta,  under  St. 
Louis.  Every  body,  fays  he,  was  aftoniftied  with  the 
Greek  Fire,  which  the  Turks  then  prepared  ; and  the 
fecret  of  which  is  now  loft.  They  threw  it  out  of  a kind 
of  mortar,  and  fometimes  fliot  it  with  an  odd  fort  of 
crofs-bow,  which  was  ftrongly  bent  by  means  of  a handle, 
or  wunch,  of  much  greater  force  than  the  bare  arm. 
That  which  was  thrown  from  the  mortar  fometimes  ap- 
peared in  the  air  of  the  fize  of  a tun,  with  a long  tail, 
and  a noife  like  that  of  thunder.  The  French,  by  de- 
grees, got  the  fecret  of  extinguifning  it ; in  which  they 
fucceeded  feveral  times. 

After  all,  perhaps  the  invention  of  the  Wild-Fire  is 
to  be  aferibed  to  other  nations,  and  to  a ftill  older 
date,  and  that  it  was  the  fame  as  tliat  ufed  among  the 
Indians  in  Alexander’s  invafion,  when  it  was  faid  they 
fought  with  thunder  and  lightning,  or  (hot  Fire  with 
a terrible  noife. 

I'lRE-ZForA,  otherwife  called  Pyrotechnia,  are  arti- 
ficial Fires,  or  preparations  made  of  gunpowder,  fulphur, 
and  other  inflammable  and  combuftible  ingredients,  ufed 
on  occafion  of  public  rejoicings,  and  other  folernnitie^. 
The  principal  of  thefe  arc  rockets,  ferpents,  liars,  hail, 
mines,  bombs,  garlands,  letters,  and  other  devices. 

The  invention  of  Fire-works  is  attributed,  by  M. 
Mahudel,  to  the  Florentines  and  people  of  Sienna;  who 
found  out  likewife  the  method  of  adding  to  them  de- 
corations of  ftatues,  with  fire  ilTuing  from  their  eyes  and 
mouths. 

FIRKIN,  an  Englifh  meafure  of  capacity  ; being 
the  4th  part  of  a barrel ; and  containing  8 gallons  of  ale, 
foap,  butter,  or  herrings  ; or  9 gallons  of  beer, 

FIRLOT,  a diw  meafure  uled  in  Scotland.  The 
oat-firlot  contains  2if  pilots  of  that  country,  or  about 
85  Englilh  pints;  and  the  barley-firlot,  31  ftandard 
pints.  The  wheat  firlot  contains  about  2211  cubic 
inches  ; and  therefore  exceeds  the  Englilh  bufliel  by  60 
cubic  inches,  or  almoft  an  Englilli  quart. 

FIRMAMENT,  by  fome  old  altronomers,  is  the 
orb  of  the  fixed  liars,  or  the  higheft  of  all  the  heavens. 
But  in  feripture  and  common  language  it  is  ufed  for 
the  middle  regions,  or  the  fpace  or-expanfe  appearing 
like  an  arch  quite  around  or  above  us  in  the  heavens. 
Many  ancients  and  moderns  alfo  accounted  the  Firma- 
ment a fluid  matter  ; but  thofe  v/ho  gave  it  the  name 
of  Firmaitient  muft  have  taken  it  for  a folk!  one. 

FIRMNESS,  is  the  confiftence  of  a body  ; or  that 
Hate  when  its  fenfiblc  parts  cohere,  or  are  united  to- 
gether, fo  that  the  motion  of  one  part  induces  a mo- 
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tion  of  the  reft.  In  which  fenfe  firmnefs  ftandsoppo- 
fed  to  fluidity. 

The  firmnefs  of  bodies  then  depends  on  the  connexion 
or  cohefion  of  their  particles  ; and  the  caufe  of  cohefion 
the  Newtonians  hold  to  be  an  attraftive  force,  inherent 
in  bodies,  which  binds  their  fmall  particles  together ; 
exerting  itfelf  only  at  the  points  of  contaft,  or  extreme- 
ly near  them,  and  vanifhing  at  greater  diilances. 

FIRST  Mover.,  in  the  old  Aftronomy,  is  the  Pri- 
mum  Mobile,  or  that  which  gives  motion  to  the  other 
parts  of  the  iiniverfe. 

FISSURES,  in  the  Hiftory  of  the  Earth,  are  cer- 
tain interruptions,'  moflly  parallel  to  each  other,  that  di- 
vide or  feparate  the  ftrata  of  it  from  one  another,  in 
nearly  horizontal  dire(?tions  ; and  the  parts  of  the  fame 
llratum  in  nearly  vertical  diredlions. 

FIXED  Line  of  Defence,  a line  drawn  along  the 
face  of  the  baftion,  and  terminating  in  the  curtain. 

Fixed  Signs  of  the  Zodiac,  according  to  fome,  are  the 
four  ligns  Taurus,  Leo,  Scorpio,  Aquarius.  They 
are  fo  called  becaufe  the  fun  pafles  them  refpedfively 
in  the  middle  of  each  quarter,  when  that  feafon  is  more 
fettled  and  Fixed  than  under  the  figns  which  begin 
and  end  it. 

Fixed  Stars,  are  fiich  as  conftantly  retain  the  fame 
pofition  and  diftance  with  refpedf  to  each  other  ; by 
which  they  are  contradillinguiflied  from  erratic  or  wan- 
dering Ears,  which  are  continually  varying  their  fitua- 
tion  and  diftance. — The  Fixed  Stars  only  are  properly 
and  abfolutely  called  liars  ; the  reft  having  their  pecu- 
liar denomination  of  planet  or  comet. 

FIXITY,  or  Fixedness,  the  quality  of  a body 
which  determines  it  fixed ; or  a property  which  enables 
it  to  endure  the  fire  and  other  violent  agents. 

A body  may  be  faid  to  be  fixed  in  two  refpefts  : ift, 
When  on  being  expofed  to  the  fire,  or  a.corrofive  men- 
ftruum,  its  particles  are  indeed  feparated,  and  the  body 
rendered  fluid,  but  without  being  refolved  into  its  firfl 
elements.  The  2d,  when  the  body  fufiains  the  adtive 
force  of  the  fire  or  menftruums  whilft  its  integral  parts 
are  not  carried  off  in  fumes.  Each  kind  of  Fixity  is 
the  refult  of  a ftrong  or  intimate  cohefion  betw^een  the 
particles. 

FLAME,  the  fubtlefl  and  brighteft  part  of  the  fuel, 
afeending  above  it  in  a pyramidal  or  conical  figure,  and 
heated  red-hot.  Sir  Ifaac  Newton  defines  Flame  as 
only  red-hot  fmoke,  or  the  vapour  of  any  fubftance 
raifed  from  it  by  fire,  and  heated  to  fuch  a degree  as 
to  emit  light  copioufly.  Is  not  Flame,  fays  he,  a va- 
pour, fume,  or  exhalation,  heated  red-hot ; that  is,  fo 
hot  as  to  fliine  ? For  bodies  do  not  Flame  without 
emitting  a copious  fume  ; and  this  fume  burns  in  the 
Flame.  The  ignis  fatuus  is  a vapour  fhining  without 
heat ; and  is  there  not  the  fame  difference  between  this 
vapour  and  Flame,  as  between  rotten  wood  fhining  with- 
out heat,  and  burning  coals  of  fire  ? In  diftilling  hot 
fpirits,  if  the  head  of  the  flill  be  taken  off,  the  vapour 
which  afeends  will  take  fire  at  the  Flame  of  a candle, 
and  turn  into  Flame.  Some  bodies,  heated  by  motion 
or  fermentation,  if  the  heat  grow  intenfe,  fume  copi- 
oufly ; and  if  the  heat  be  great  enough,  the  fumes  will 
fhine,  and  become  Flame.  Metals  in  fufion  do  not 
Flame,  for  want  of  a copious  fume.  All  flaming  bo- 
dies, as  oil,  tallow,  wax,  wood,  foffil  coal,  pitch,  ful- 
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phur,  8cc,  by  burning,  wafte  in  fmoke,  which  at  firff 
is  lucid  ; but  at  a little  diftance  from  the  body  ceafes  to 
be  fo,  and  only  continues  hot.  When  the  Flame  is 
put  out,  the  fmoke  is  thick,  and  frequently  fmells 
ftrongly  : but  in  the  Flame  it  lofes  its  fmell  ; and,  ac- 
cording to  the  nature  of  the  fuel,  the  Flame  is  of  divers 
colours.  That  of  fulphur  and  fpirit  of  wine  is  blue  ; 
that  of  copper  opened  with  fublimate,  green  ; that  of 
tallow,  yellow  ; of  camphire,  white  ; &c.  Newton’s  Op* 
tics,  p.  318. 

FLAMSTEED  (John),  an  eminent  Englifh  aftro- 
nomer,  being  indeed  the  firfl  aftronomer  royal,  for* 
whole  ufe  the  royal  obfervatory  v/as  built  at  Greenwich,, 
thence  called  Flamfteed  Houfe.  He  was  born  at  Denby 
in  Derby fhire  the  19th  of  Auguft  1646.  He  was  edu- 
cated at  the  free  fchool  of  Deihy,  where  his  father 
lived  ; and  at  14  years  of  age  was  afftifted  with  a fevere 
illnefs,  which  rendered  his  coaftitution  tender  ever  after,, 
and  prevented  him  then  from  going  to  the  univerfity,  for 
which  he  was  intended.  He  neverthelefs  profecuted 
his  fchool  education  with  the  beft  efl'edt  ; and  then,  hr 
1662,  on  quitting  the  grammar  fchool,  he  purfued  the- 
natural  bent  of  his  genius,  which  led  him  to  the  ftudy 
of  aftronomy,  and  clofely  perufed  Sacrobofeo’s  book  De 
SJ:)h^era,  which  fell  in  his  way,  and  which  laid  the  ground- 
work of  all  that  mathematical  and  aftronomical  know- 
ledge, for  which  he  became  afterward  fo  juftly  famous. 
He  next  procured  other  more  modern  books  of  the  fame 
kind,  and  among  them  Streete’s  Afronomia  Carolintz, 
then  lately  publifhed,  from  which  he  learned  to  calcu- 
late ecb’nfes  and  the  planets’  places.  Some  of  thefe 
being  fhewn  to  a Mr.  Halton,  a confiderable  mathema- 
tician, he  lent  him  Riccioli’s  Almagejlum  Novum,  and 
Kepler’s  Dabula  Riidolphtnce,  which  he  profited  much  by.. 
In  1669,  having  calculated  fome  remarkable  eclipfes 
of  the  moon,  he  fent  them  to  lord  Brouncker,  prefi- 
dent  of  the  Royal  Society,  which  were  greatly  approv- 
ed by  that  learned  body,  and  procured  him  a letter  ofi 
thanks  from  Mr.  Oldenburg  their  fecretary,  and  another 
from  Mr.  John  Collins,  with  whom,  and  other  learned, 
men,  Mr.  Flamfteed  for  a long  time  afterwards  kept, 
up  a correfpondence  by  letters  on  literary  fubjedls.  In 
1670,  his  father,  obfervinghe  held  correfpondence  with 
thefe  ingenious  gentlemen,  advifed  him  to  take  a jour- 
ney to  London,  to  make  himfelf  peiddnally  acquainted 
with  them  j an  offer  which  he  gladly  embraced,  and 
vifited  Mr.  Oldenburg  and  Mr.  Collins,  who  introduced' 
him  to  Sir  Jonas  Moore,  wdich  proved  the  means  of 
his  greateft  honour  and  preferment.  He  here  got  the 
knowledge  and  pra6lice  of  aftronomical  inftruments,  as: 
telefcopes,  micrometers,  &c.  On  his  return,  he  called 
at  Cambridge,  and  vifited  Dr.  Barrow,  Mr.  Ifaac  New- 
ton, and  other  learned  men  there,  and  entered  himfelf 
a ftudent  of  Jefus  College.  In  1672  he  extra6led  feve- 
ral  obfervations  from  Mr.  Gafeoigne’s  and  Mr.  Crab- 
tree’s letters,  which  improved  him  greatly  in  dioptrics* 
In  this  year  he  made  many  celeftial  obfervations,  which,, 
with  calculations  of  appulfes  of  the  moon  and  planets  to 
fixed  liars  for  the  year  following,  he  fent  to  Mr.  Olden- 
burg, who  publifhed  them  in  the  Philof.  Tranf. 

In  1675,  Flamfteed  wrote  a fmall  tradl  concern- 
ing the  true  diameters  of  all  the  planets,  when  at  their 
greateft  and  leaft  diftances  from  the  earth  ; which  he 
lent  to  Mr.  Newton.Kin  1685,  who  made  fome  ufe  of 
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it  ill  the  4th  book  of  his  Principia. — In  1674  he  wrote 
an  ephemeris,  to  fhew  the  falfity  of  Aftrology,  and  the 
ignorance  of  thofe  who  pretended  to  it : with  cal- 
culations of  the  moon^s  riling  and  fetting ; alfo  oc- 
cultations  and  appulfes  of  the  moon  and  planets  to  the 
fixed  liars.  To  which,  at  Sir  Jonas  Moore’s  requeft, 
he  added  a table  of  the  moon’s  fouthingsfor  that  year; 
from  which,  and  from  Philips’s  theory  of  the  tides, 
the  high-waters  being  computed,  he  found  the  times 
come  very  near.  In  1674  too,  he  drew  up  an  account 
of  the  tides,  for  the  ufe  of  the  king.  Sir  Jonas  alfo 
lliewed  the  king,  and  the  duke  of  York,  fome  barome- 
ters and  thermometers  that  Mr.  Flamlleed  had  given 
him,  with  the  necelfary  rules  for  judging  of  the  weather  ; 
and  otherwife  took  ever)’’  opportunity  of  fpeaking  fa- 
vourably of  Flamlleed  to  them,  till  at  length  he  brought 
him  a warrant  to  be  the  king’s  allronomer,  with  a fa- 
lary  of  lool.  per  annum,  to  be  paid  out  of  the  office 
of  Ordnance,  becaufe  Sir  Jonas  was  thenSurveyorGene- 
ral  of  the  Ordnance.  This  however  did  not  abate  our 
author’s  propenlity  for  holy  orders,  and  he  was  ac- 
cordingly ordained  at  Ely  by  biffiop  Gunning. 

On  the  loth  of  Augull,  1675,  the  foundation  of  the. 
Royal  Obfervatory  at  Greenwich  was  laid  ; and  during 
the  building  of  it,  Mr.  Flamlleed’s  temporary  obferva- 
tory was  in  the  queen’s  houfe,  where  he  made  his  obfer- 
vations  of  the  appulfes  of  the  moon  and  planets  to  the 
fixed  liars,  and  wrote  his  Doclrine  of  the  Sphere,  which 
W’as  afterward  publiffied  by  Sir  Jonas,  in  his  Syllem  of 
the  MathematicSir 

About  the  year  1684  he  was  prefented  to  the  living 
of  Burllow  in  Surry,  which  he  held  as  long  as  he  lived. 
Mr.  Flamlleed  was  equally  refpedled  by  the  great  men 
his  contemporaries,  and  by  thofe  who  have  fucceeded 
fince  his  death.  F)r.  Wotton,  in  his  Refledtions  upon 
Ancient  and  Modern  Learning,  llyles  our  author 
one  of  the  moll  accurate  Obfervers  of  the  Planets  and 
Stars,  and  fays  he  calculated  tables  of  the  eclipfes  of 
the  ieveral  fatellites,  which  proved  very  ufeful  to  the 
ailronorners.  And  Mr.  Molyneux,  in  his  Dioptnca 
'No‘va,  gives  him  a high  characler  ; and,  in  the  admo- 
nition to  the  reader  prefixed  to  the  work,  obferves,  that 
the  geometrical  method  of  calculating  a ray’s  prcgrefs 
is  quite  new,  and  never  before  publiffied  ; and  for  the 
firll  hint  of  it,  fays  he,  I mull  acknowledge  myfelf 
obliged  to  my  worthy  friend  Mr.  Flamlleed.  He  wrote 
feveral  fmall  trails,  and  had  many  papers  inferted  in  the 
Philcfophical  Tranfailions,  viz,  feveral  in  almoll  every 
volume,  from  the  4th  to  the  29th,  too  numerous  to  be 
mentioned  in  this  place  particularly. 

But  his  great  work,  and  that  which  contained  the 
main  operations  of  his  life,  was  the  Htjloria  CcehjVis 
Britannica^  publiflted  in  1725,  in  3 large  folio  volumes. 
The  firll  of  which  contains  the  obfervatlons  of  Mr. 
William  Gafcoigne,  the  firfl  inventor  of  the  method  of 
meafurlng  angles  in  a telefcope  by  means  of  fcrews, 
and  the  firll  who  applied  telcfcopical  fights  to  allrono- 
mical  Inllruments,  taken  at  Middleton,  near  Leeds  in 
Yorkffiire,  between  the  years  1638  and  1643  ; extrailed 
from  his  letters  by  Mr.  Crabtree  ; with  fome  of  Mr. 
Crabtree’s  obfervatlons  about  the  fame  time  ; and  alfo 
thofe  of  Mr.  Flamlleed  himfelf,  made  at  Derby  between 
the  years  1670  and  1675  ; belides  a multitude  of  curi- 
ous obfervatlons,  and  necelfary  tables  to  be  ufed  with 


them,  made  at  the  Royal  Obfervatory,  between  the 
years  1675  and  1689. — The  2d  volume  contains  his  ob- 
fervations,  made  with  a mural  arch  of  near  7 feet  ra- 
dius, and  140  degrees  on  the  limb,  of  the  meridional 
zenith  dillances  of  the  fixed  liars,  fun,  moon,  and 
planets,  with  their  tranfits  over  the  meridian  ; alfo  ob- 
fervations  of  the  diameters  of  the  fun  and  moon,  with 
their  eclipfes,  and  thofe  of  Jupiter’s  fatellites,  and  va- 
riations of  the  compafs,  from  1689  to  1 7 19*  with  tables 
ffiewing  how  to  render  the  calculation  of  the  places  of 
the  liars  and  planets  eafy  and  expeditious.  To  which 
are  added,  the  moon’s  place  at  her  oppolitions,  quadra- 
tures, &c  ; alfo  the  planets’  places,  derived  from  the 
obfervatlons. — The  3d  volume  contains  a catalogue  of 
the  rlght-afcenfions,  polar-dillances,  longitudes,  and 
magnitudes  of  near  3000  fixed  liars,  with  the  corre- 
fponding  variations  of  the  fame.  To  this  volume  is  pre-' 
fixed  a large  preface,  containing  an  account  of  all  the 
allronomical  obfervatlons  made  before  his  time,  with  a 
defcrlption  of  the  inllruments  employed  ; as  alfo  of  his 
own  obfervatlons  and  inllruments ; with  a new’’  Latin 
verfion  of  Ptolomy’s  catalogue  of  1026  fixed  liars; 
and  Ulegh-beig’s  places  annexed  on  the  Latin  page, 
with  the'eorreftions  : a fmall  catalogue  of  the  Arabs  : 
Tycho  Brahe’s  of  about  780  fixed  liars  ; the  Land- 
grave of  Heffe’s  of  386  : Ilevelius’s  of  1534  : and  a' 
catalogue  of  fome  of  the  fouthern  fixed  liars  not  vi- 
fible  in  our  hemifphere,  calculated  from  the  obferva— 
tions  made  by  Dr.  Halley  at  St.  Helena,  adapted  to  the 
year  1726. 

This  work  he  prepared  in  a great  meafure  for  the 
prefs,  with  much  care  and  accuracy  : but  through  a 
natural  weakneis  of  conllitution,  and-  the  declines  of 
age,  he  died  of  a llrangury  before  he  had  finiffied  it, 
December  the  19th,  1719,  at  73  years  of  age  ; leaving 
the  care  of  finiffiing  and  publiffiing  his  work  to  his  friend 
Mr.  Hodgfon. — A lei's  perfc6l  edition  of  the  Htjloria 
Cahjlis  had  before  been  publifiied,  without  his  confent,, 
viz,  in  1712,  in  one  volume  folio,  containing  his  obier- 
vations  to  the  year  1705. 

Thus  then,  as  Dr.  Keil  obfervtd,  our  author,  with- 
indefatigable  pains,  for  more  than  40  years  watched  the 
motions  of  the  liars,  and  has  given  us  innumerable  ob- 
fervations  of  the  fun,  moon,  and  planets,  which  he  made 
with  very  large  Inlli'umcnts,  accurately  di’/ided,  and- 
fitted  w’ith  telefcopic  .fights  ; whence  we  may  rely 
much  m.ore  on  the  obfervatlons  lie  has  made,  than 
on  former  aftroncmers,  who  made  their  oblervations 
with  the  naked  eye,  and  without  the  like  alfi fiance  of 
telefcopes. 

FLANK,  in  Fortification,  is  that  part  of  the  baftion- 
which  reaches  from  the  curtain  to  the  face  ; and  it  de- 
fends the  curtain,  with  the  oppolite  face  and  flank. 

Oblique  or  d’erowr/ Fl  an  k,  or  Flank  of  the  Curta'n, 
is  that  part  of  the  curtain  from  whence  the  face  of  the 
oppofite  ballion  can  be  feen,  being  contained  between 
the  lines  rafant  and  fichant,  or  the  greater  and  lefs  linesi 
of  defence  ; or  the  part  of  the  curtain  between  the 
Flank  and  the  point  where  the  fichant  line  of  defence 
terminates. 

Covered,  Lozu,  or  Retired  Flank,  is  the  platform  of 
thecafemate,  which  lies  hid  in  the  ballion  ; and  is  other- 
wife  called  the  Orillon. 

Fichant  Flank,  is  that  from  whence  a cannon 
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playing,  fires  dire61:ly  on  the  face  of  the  oppofite  baf- 
tion. 

Rafa7it  or  Ra^'ant  Flank,  is  the  point  from  whence 
the  line  of  defence  begins,  from  the  conjundlion  of 
which  with  the  curtain,  the  fhot  only  rafeth  the  face 
of  the  next  baftion,  which  happens  when  the  face  can- 
not be  difeovered  but  from  the  Flank  alone. 

Simple  Flanks,  are  lines  going  from  the  angle  of 
the  fhoulder  to  the  curtain  ; the  chief  office  of  which 
is  for  the  defence  of  the  moat  and  place. 

Flank,  is  alfo  a term  of  war,  ufed  byway  of  ana- 
logy  for  the  lide  of  a battalion,  army,  &c,  in  contm- 
diftinftion  to  the  front  and  rear.  So,  to  attack  the 
enemy  in  Flank,  is  to  difeover  and  fire  upon  them  on 
one  fide. 

FLANKED,  is  ufed  of  fomething  that  has  Flanks, 
or  maybe  approaclted  on  the  Flank.  As 

Flanked  Angle,  which  is  that  formed  by  the  two 
faces  of  the  baftion,  and  forming  its  point  or  angle.^ 
Alfo, 

Flanked  Line  of  Defence,  Flanked  Tenatlle,  &c. 

FI.ANKING,  in  general,  is  the  difeovering  and 
firing-  upon  the  fide  of  a place,  body,  battalion,  See. 
d’o  Flank  a place,  or  other  work,  is  to  difpofe  it  in 
fuch  a manner  as  that  every  part  of  it  may  be  played 
upon  both  in  front  and  rear. 

Flanking  means  alfo  defending.  Any  fortification 
that  has  no  defence,but  juft  right  forwards,  is  faulty;  and 
to  render  it  complete,  one  part  ought  to  be  made  to  Flank 
the  other.  Flence  the  curtain  is  always  the  ftrongeft 
part  of  any  place,  becaufe  it  is  flanked  at  each  end. 

Battalions  alfo  are  faid  to  be  Flanked  by  the  wings 
of  the  cavalry.  And  a houfe  is  fometimes  faid  to  be 
Flanked  with  two  pavilions,  or  two  galleries  ; meaning 

it  has  a gallery,  &c,  on  each  fide. There  are  alfo 

Flanking  Angle,  Flanking  Line  of  Defence,  &c. 

FLAT  Bafton,  is  that  which  is  built  on  a right 
line,  as  on  the  middle  of  the  curtain,  &c. 

FLEXIBLE,  is  the  property  or  quality  of  a body 
that  may  be  bent. 

FLEXION,  the  fame  as  Flexure. 

FLEXURE,  or  Flexion,  is  the  bending  or  curv- 
ing of  a line  or  figure. 

When  a line  firft  bends  one  way,  and  then  gradually 
changes  to  a bend  the  contrary  w ay,  the  point  rvhere 
the  two  parts  join,  or  where  the  bending  changes  to 
the  other  fide,  is  called  the  point  of  inflexion,  or  of  con- 
trary Flexure. 

FLIE,  or  Fly,  that  part  of  the  marineFs  compafs, 
on  which  the  32  points  of  the  wind  are  drawn,  and  over 
which  the  needle  is  placed,  and  faftened  underneath. 

FLOAT-i?^^-^^’,  the  boards  fixed  to  the  outer  rim 
of  imderfliot  water  wheels,  ferving  to  receive  the  im- 
pulfe  of  the  ftream,  by  which  the  wheel  is  carried 
round.— There  may  be  too  many  of  thefe  boards  on  a 
wheel.  It  is  thought  to  be  the  beft  rule,  to  have  their 
diftance  afunder  fuch,  that  each  of  them  may  come  out 
of  the  water  as  foon  as  poffible,  after  it  has  received  and 
aefted  with  its  full  iropiilfe  ; or,  which  comes  to  the 
fame  thing,  when  the  fucceeding  one  is  in  a diredlion 
perpendicular  to  the  furface  of  the  water. 

Floating  Bridge,  is  a bridge  of  boats,  caflrs,  dec, 
covered  with  planks,  firmly  bound  together  for  the 
paffage  of  men,  horfes,  or  carriages,  dec*. 


FLOOD,  a Deluge  or  inundation  of  water. 

Flood,  is  alfo  ufed  in  fpeaking  of  the  tide,  when  it 
is  rifing  or  flowing  up  ; in  contradiftindlion  to  tlic 
Ebb,  which  is  when  it  is  decreafing  or  running  out. 

FLOORING,  in  Carpentry,  is  commonly  under- 
ftood  of  the  boarding  of  the  Floors.  The  meafure- 
ment  of  Flooring  is  eftimated  in  fquares,  of  100  fquare 
feet  each,  or  of  10  feet  on  each  fide  every  w^ay ; for 
10  times  10  arc  100.  Hence  the  length  of  the  floor 
being  mmltiplied  by  its  breath,  in  feet,  and  two  figures 
cut  off  on  the  right-hand,  gives  the  fquares,  and  feet, 
or  decimals  cut  off.  Thus,  a Floor  being  22  feet  long, 
and  16  wide  ; 
then  22  length 
16  breadth 

132 

22 

3,^2  the  content  is  therefore  3 fquares,  and  52 
feet,  or  decimals. 

FLUENT,  or  Flonvmg  Quantity,  in  the  Doftrine  of 
Fluxions,  is  the  variable  quantity  which  is  confidered 
as  iiicreafing  or  decreafing  ; or  the  Fluent  of  a given 
fluxion,  is  that  quantity  whofe  fluxion  being  taken,  ac- 
cording to  the  rules  of  that  dodlrme,  ftiali  be  the  lame 
with  the  given  fluxion.  See  Fluxions. 

Contemporary  Fluents,  are  fuch  as  flow  together  or 
for  the  fame  time.  And  the  fame  is  to  be  imderftood 

of  Contemporary  Fluxions. When  Contemporary 

Fluents  a.re  always  equal,  or  in  "any  conftant  ratio  ; 
then  alfo  are  their  fluxions  refpedlively  either  equal,  or 
in  that  fame  conftant  ratio.  That  is,  if  a'  then  is 
)c  ~j ; ov  i£  x ; y : i n : i,  then  is  x : y ::  tri  1 ; 
or  if  X = ny,  then  is  a-  = nj. 

It  is  eafy  to  find  the  fluxions  to  all  the  given  forms 
of  Fluents  ; but,  on  the  contrary,  it  is  difficult  to  find 
the  Fluents  of  many  given  fluxions  ; and  indeed  there 
are  numberlefs  cafes  in  wdiich  this  cannot  at  all  be 
done,  excepting  by  the  quadrature  and  rectification  of 
curve  lines,  or  by  logarithms,  or  infinite  feries. 

This  doCtrine,  as  it  was  firft  invented  by  Sir  Ifaac 
Newton,  fo  it  was  carried  by  him  to  a confiderable  de- 
gree of  perfection,  at  leaft  as  to  the  moft  frequent,  and 
moft  ufeful  forms  of  fluents ; as  may  be  feen  in  his 
Fluxions,  and  in  his  Quadrature  of  Curves.  Maclauriii, 
in  his  Treatife  of  Fluxions,  has  made  feveral  inquiries 
into  Fluents,  reducible  to  the  reCtifleation  of  the  ellipfe 
and  hyperbola  ; and  D’Alembert  has  purfued  the  fame 
fubjeCl,  and  carried  it  farther,  in  the  Memoires  de 
i’Acad.  de  Berlin,  tom.  2,  p.  200.  To  the  celebrated 
Mr.  Euler  this  doCtrine  is  greatly  indebted,  in  many 
parts  of  his  various  writings,  as  well  as  in  the  Inftitutio 
Calculi  Integralis,  in  3 vols  qto,  Petr.  1768.  The  in- 
genious Mr.  Cotes  contributed  very  much  to  this  doc- 
trine, in  his  Harmonia  Meniurarum,  concerning  the 
meafures  of  ratios  and  angles,  in  a large  collection  of 
different  forms  of  fluxions,  with  their  correfponding 
Fluents.  And  this  fubjeCt  was  farther  profecuted  in 
the  fame  way  by  Walmefley,  in  his  Analyfe  des  Me- 
fures  des  Rapportes  et  des  Angles,  a large  vcl.  jn  qto, 
1 749.  Befides  many  other  Authors  who,  by  their  in- 
genious labours,  have  greatly  contributed  to  facilitate 
and  extend  the  doCtrine  of  Fluents  ; as  Emerfon,  Simp- 
fooj  Landen,  Waring,  §ic,  in  this  country  ; with  i’Ho- 
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pitaT,  and  many  other  learned  foreigners.  Laftly,  in 
1785  was  publilhed  at  Vienna,  by  M.  Paccaffi,  a Ger- 
man nobleman,  Udhandlung  uber  eine  neue  Methode 
zu  Integriren,  being  a method  of  integrating,  or  find- 
ing the  Fluents  of  given  fluxions,  by  the  rules  of  the 
direct  method,  or  by  taking  again  the  fluxion  of  the 
given  fluxion,  or  the  2d  fluxion  of  the  fluent  fought  ; 
and  then  making  every  flowing  quantity  its  fluxion,  and 
2d  fluxion,  in  geometrical  progreflion  ; a method  how- 
ever, which,  it  feems,  only  holds  true  in  the  eafiefl: 
cafes  or  forms,  whofe  fluents  are  eafily  had  by  the  moft 
common  methods.  See  this  method  farther  explained 
in  the  rules  followiapf. 

As  it  IS  only  in  certain  particular  fonus  and  cafes 
that  the  Fluents  of  given  fluxions  can  be  found  ; there 
being  no  method  of  performing  this  univerfallv  a priori, 
by  a direcf  invefligation  ; like  finding  the  fluxion  of  a 
given  fluent  quantity  ; we  can  do  little  more  than  lay 
down  a few  rules  for  fuch  forms  of  fluxions  as  are 
known,  from  the  direft  method,  to  belong  to  fuch  and 
fuch  kinds  of  Fluents  or  flowing  quantities  ; and  thefe 
rules,  it  is  evident,  muft  chiefly  confilt  in  performing 
fuch  operations  as  are  tne  reverfe  of  thofe  by  which  the 
fluxions  are  found  to  given  flowing  quantities.  The 
principal  cafes  of  which  are  as  follow  ; 

I.  To  Jind  the  Fluent  of  a fimple  fluxion  \ or  that  in 
which  there  is  no  variable  quantity,  and  only  one  fluxi- 
onal  quantity.  This  is  done  by  barely  fublfituting  the 
variable  or  flowing  quantity  Inftead  of  its  fluxion,  and  is 
the  refult  or  reverfe  of  the  notation  only.  Thus, 

The  Fluent  oT  ax  is  ax. 

The  Fluent  of  ay  + ly  is  ay  -f  2y. 

The  Fluent  of  a?- is  y x^. 

II.  IFhen  any  po^u'er  of  a flonuing  quantity  is  multi  fled 
hy  the  fuxion  of  the  root.  Then,  having  fubflituted,  as 
before,  the  flowing  quantity  for  its  fluxion,  divide  the 
refult  by  the  new  index  of  the  power.  Or,  which  is 
the  fame  thing,  take  out,  or  divide  by,  the  fluxion  of 
the  root  ; add  i to  the  index  of  the  power  ; and  divide 
by  the  index  fo  increafed. 


So,  if  the  given  fluxion  be  F — q.  x^)^x^x^ 
where  3,  the  index  of  the  quantity  without  the  vincu' 
him,  increafed  by  i,  makes  4,  which  is  double  of  2 
the  exponent  of  within  the  fame  ; therefore  putting 

z = a-  + A--,  thence  = 2;  — and  its  fluxion  is 
2 =:  p hence  then  ^3^- 

the  given  quantity  F or  (a^  q-  x^f'x^x  is  = 

(z  — I?’-)  or  = -^z'-z  — la'^z^z  ; and  the  Fluent 
or  each  term  gives 

F.  ~ byfub- 

Itituting  the  value  of  2;  milead  of  it,  the  fame  Fluent  is 

^ X ( I V-'^*  -s^o 1^6' — 

IV.  IVhen  there  are  federal  terms  involving  tnvo  or 
more  variable  quantities,  having  the  fluxion  of%ach  multi- 
plied hy  the  other  quantity  or  quantities  : Take  the  Fluent  of 
each  teim,  as  if  there  was  only  one  variable  quantity  in 
It,  namely  that  whofe  fluxion  is  contained  in  it,  fuppof- 
ing  all  the  others  to  be  conftant  in  that  term ; then  if  the 
Fluents  of  all  the  terms  fo  found,  be  the  very  fame 

quantity,  that  quantity  will  be  the  Fluent  of  the 
whole. 

Thus,  if  the  given  fluxion  be  xy  q-  . Then,  the 
uent  of  Ay  13  xy,  fuppofing  y ccnllant  ; and  the 
Huent  of  Ay  is  alio  A-y,  when  a-  is  conflant  ; -therefore 
the  common  refulting  quantity  .xy  is  the  required  Fluent 
of  the  given  fluxion  Ay  q-  xy. 

And,  in  like  manner,  the  Fluent  of 
xyz.  q-  xyz  -j-  xyz  is  Ary 2. 

V.  When  the  given  flu xional  exprefllon  is  in  this  form 
viz,  a frattion  including  tzuo  quantities,  being  the 


xy  — .yy 


•^x^x ; 

3-^* ; 

3.V*; 

or  ix 


So  if  the  fluxion  propofed  be 
Strike  out  a-,  then  it  is 
add  I to  the  index,  and  it  is  - 

divide  by  the  index  6,  and  it  is  , 

which  is  the  Fluent  of  the  propofed  fluxion 
In  like  manner,  the  Fluent 
cf  4^7 -VAT  is  2ax^  ; 

1 ^ 2 

of  ^x^x  is  2A‘^  : 


.1  ^6 

2- 


fluxion  of  the  former  dravjii  into  the  latter,  minus  the  fluxion 
of  the  latter  drawn  into  the  former,  and  divided  hy  the  fquare 

of  the  latter  : then  the  Fluent  is  the  fradion  or  of 

y 

the  former  quantity  divided  by  the  latter.  That  is, 
The  Fluent  of  ^ ^ is  — • 

. y""  . y' 

and  the  Fluent  of  ~ 

y4  yX* 

Though  the  examples  of  this  cafe  may  be  performed 
by  the  foregoing  one.  Thus  the  given  fluxion 


*7 


Ay  , X xy  X 

reduces  to ^ or 


y""  y y 


. ^2 

^jy  ; 


of  ax’^x  is 


a 


n 4-  I 


or  — or 

yO 


n F I 

‘"2  • • “•  J — I 

z z IS  — z or . 

z 

of  (^3  4.  23^42.2;^  j'g  ^^^3  q_ 

III.  When  the  root  under  a vinculum  is  a compound 
quantity  ; and  the  index  of  ^ the  part  or  faHor  without  the 
vinculum  increafed  hy  1,  is  fame  multiple  of  that  under 
the  vinculum  : Put  a fingle  variable  letter  for  the  com- 
pound root  ; and  fubflitute  its  powers  and  fluxion  in- 
ead  of  thofe,  of  the  fame  value,  in  the  given  quantity  j 
lo  will  it  be  reduced  to  a Ampler  form,  to  which  the 
preceding  rule  can  then  be  applied. 


• X oc 

of  which  the  Fluent  of  — is  — when  y is  conftant  • 

y y ' ^ 

and  the  Fluent  of  xyy  is  ft*  Ay  or  — - when  x is  con- 

y 

ft  ant ; and  therefore,  by  that  cafe,  ~ is  the  Fluent  di 
xy  — Ay 


the  whole 


y 


Vr.  When  the  fluxion  of  a quantity  is  divided  hy  the 
quality  itfelf : Then  the  Fluent  is  equal  to  the  hyper- 
bolic logarithm  of  that  quantity  ; or,  which  is  the  fame 
thing,  the  Fluent  is  equal  to  2*30258509  &c,  multi- 
plied by  the  common  log.  of  the  fame  quantity. 
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So,  tlie  Fluent 


©f 

.V 

or 

X is  the  hyp.  log.  of  a*  ; 

X 

^f 

■2x 

X 

is 

2 X hyp.  log.  of  Xj  or  = h.  1.  of  x^  ; 

of 

ax 

is 

a X h.  1.  of  X,  or  h.  1.  of  ; 

X 

©f 

X 

■ is 

the  h.  1.  of  d!  ft-  a:  ; 

a -y-  X 

of 

3 X ~x 

- is 

, the  h.  1.  of  a ft-  x^. 

^ ft-  A 

i 

VII.  Many  Fluents  may  be  found  by  the  diredt 
method  of  fluxions,  thus  : Take  the  fluxion  again  of 
the  giv-en  fluxional  exprefiion,  or  the  2d  fluxion  of  the 

' . 

Fluent  fought ; into  which  fubftitute  — for  x,  and  — 

uC  V 

fory,  &c,  that  is,  make  rc,  x,  x,  as  alfo  y,  j',  ji>  See,  in 
continual  proportion,  or  jc  : x x : Xj  and y - y : : y • 

&c  ; then  divide  the  fquare  of  the  given  fluxional  ex- 
preflion  by  the  2d  fluxion,  juft,  found,  and  the  quotient 
will  be  the  Fluent  fought  in  many  cafes. 

Of  the  Jame  rule  muy  be  othefwije  delivered  thus  .*  In 

the  given  fluxion  F,  write  x for  x^  y for  y,  &c,  and 
call  the  refult  G,  taking  alfo  the  fluxion  of  this  quan- 
tity, G ; then  make  G : F : : G : F,  fo  fhall  the  4th 
proportional  F be  the  Fluent  as  before.  And  this  is 
the  rule  of  M.  PaccafTi. 

It  may  be  proved  if  this  be  the  true  Fluent,  by  tak- 
ing the  fluxion  of  it  again,  which,  if  it  agree  mth  the 
propofed  fluxion,  will  fhew  that  the  Fluent  is  right  | 
otherwife,  it  is  wrong. 


Thus,  if  it  be  propofed  to  find  the  Fluent  of  nx^ 

Here  Y = nx^  ^x;  write  firft  for  x,  and  it  is 

nx^  ~~  or  nx^  = G ; the  fluxion  of  this  is  G = 

n'^x'^  ; therefore  G : F : : G : F becomes 

n'^x'^  ; nx^  ; ; nx^  : ~ F,  the  Fluent 

fought. 

For  a 2d  ex.  fuppofe  it  be  propofed  to  find  the 
Fluent  of  xy  xy.  Here  Y =:  xy  Y xy  ; then,  wuit- 
ing  .X'  for  X,  andy  for  y,  it  is  xy  + xy  or  2.xy  =:  G ; 

the  fluxion  of  which  is  2-vy  ft-  2xy  — G ; then 

• • 

G : F : : G : F becomes 

2xy  ft-  2xy  ; i-y  ft-  jy  ; : 2xy  ; .yy  = F,  the  Fluent 
fought. 

VIII.  ‘To  find  Fluents  by  means  of  a table  of  forms 
of  Fluxions  and  Fluents.  ^ 

In  the  following  table  are  contained  the  moft  ufual 
forms  of  fluxions  that  occur  in  the  pradhical  folution  of 
problems,  with  their  correfponding  Fluents  fet  oppofitc 
to  them  ; by  means  of  which,  viz,  comparing  any  pro- 
pofed fluxion  with  the  correfponding  form  here,  the 
Fluent  of  it  will  be  found. 

Where  it  is  to  be  noted,  that  the  logarithms  in  the 
faid  forms,  are  the  hyperbolic  ones,  which  are  found 
by  multiplying  the  common  logs,  by  2*3025850929943 
&c.  Alfo  the  arcs  whofe  fine,  or  tangent,  &c,  arc 
mentioned,  have  the  radius  i,  and  are  thofe  in  the 
common  tables  of  fines,  tangents,  &c.-— And  the  num- 
bers m,  «,  &c.  are  to  be  fome  quantities,  as  the  forms 
fail  when  ^ o,  or  r/z  = o,  &c. 


Forms 

Fluxions. 

Fluents. 

I 

n — i , 

X X 

— a” 
n 

II 

. . n n—J  . 

(a  it  X X 

dz  — - f a dz  a'V™ 
mn 

III 

miv—  1 . 

X X 

/ _1_  n ' 

fa±x  J 

I A'™" 

mna  (adzx^)^ 

IV 

(a  ± x^)  X 

mil  + I 

X 

-1  fadzx'')^ 

X ’ 

mna 

V 

, • 1 m — I n — I 

( mxy  ft-  nxy)  x y ^ 

or  ( b — ) ^’^y 

\ X y J 

VI 

mx  xy  % + nx  y y%  ft-  rx  y.%  zj 

, . , . , • 1 m— iiin— i_r — i 

or  ( mxy%  -f  nxy%  + rxyz Jx  J % ^ 

/mx  ny  rx  . „ „ ^ 

or  j j — ft-  — ^ X y % 

\ X y z J 

/ 

x^y^z’^ 

X - I 

— or  ^ X 

X 

4 

log.  of  X 
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Forms. 

Fluxions. 

VIII 

n—r  . 

.V  X 

a rt  x" 

IX 

\ 

— I . 

X X 

X 

^n  — I 

X X 

a — A-" 

XI 

i 

t 

m — r 

1 -V  A* 

\ 

ZI  4-  A® 

1. 

I 

in—-  I 

XII 

X A 

V et:  4-  a“ 

XIll 

I 

in  — I 

A X 

V a — x"' 

XIV 

— I 

A X 

Vrt  rt  A* 

XV 

— T . 

X X 

j 

V'-«Fa'‘ 

XVI 

X f^/dx  — 

. xvn 

xvni 

a/  log.  y 4- 

4"  x"')^  a‘^‘'~^a-  ( 

XIX 

i 

. 

Putting  X r=  m 4-  0 

Fluents. 


i — log.  of  a i a " 
n 


na 


log.  of 


X 


a 


..n 


' log.  of 


n^a 


~ ^/a" 


nJa 


/ 

X arc  to  tang,  v — , or 

a 


I . r 

X arc  to  coline 


..n 


n^a 


a 4-  a” 


2 

— log,  of  -v/a"  4-  v' : 
n 


za  4-  •<" 


2 

— X arc  to  fin.  V — , or 

c a 

I 2 a* 

— X arc  to  vicrf. 

n a 


n\/  a 


log.  of 


dz  ^ a zpx'^  ± ^/a 

4;  4* 


/ a“ 

X arc  to  fecant  w , or 

^ a 


n\/a 

^ ..  . r.  2a  — x' 

— ; — X arc  to  conn.  

fu/a 


X 

~r  circ.  feg.  to  diam.  d and  verf.  x 


n log.  c 


m4-i  rn 
I X 


n 


71S 


Cn+^'‘) 


m 4"  ^ m 


rna 


fl  r—\.a  r—i.r  — 2.a'^ 

I _ -|- _______  __ 

I S — I.A'^  S — l.S  — 


r4-i-«  r-\-i.r-\-2.a^ 


r — i.r — 2.r  — \ 

£ &c  ] 

j — 1.^  — 2.  J-  — 3^3"  J 

j-4- 1 4- 2.^  4"  3-A*^"  . 

&e  j 

r-h  I.r4- 2.r  4-3*^^  / 


Fhe  life  of  the  foregoing  Fable  of  Forms  of  Fluxions 
and  Fluents. — In  the  ufe  of  this  table,  it  is  to  be  ob- 
Xerved,  that  the  firll  column  ferves  only  to  (hew  the 
number  of  the  form,  as  a mark  of  reference  ; in  the  2d 
column  are  the  feveral  forms  of  fluKions,  which  are  of 
(different  kinds  or  claffes  ; and  in  the  3d  or  lalt  column 
are  the  correfponding  Fluents. 

The  method  of  ufmg  the  table  is  this.  Having  any 
iluxion  given,  whofe  Fluent  it  is  propofe<l  to  hnd : 
Firll,  compare  the  Hven  fluxion  with  the  k:veral  forms 
VoL.  L 


of  fluxions  in  the  2d  column  of  the  table,  till  one  of 
the  forms  be  found  that  agrees  with  it  ; which  is  done 
by  comparing  the  terms  of  the  given  fluxion  v/ith  the 
like  parts  of  the  tabular  fluxion,  viz,  the  radical  quan 
tity  of  the  one,  with  that  of  the  other  ; and  the  ex- 
ponents of  the  variable  quantities  of  each,  both  within 
and  without  the  vinculum  ; all  which,  being  found  to 
agree  or  correfpond,  will  give  the  particular  values  of 
the  general  quantities  in  the  tabular  form.  Then  fub- 
ilitute  thefc  particular  values,  for  the  fame  quantities 

3 Q_  in 


F I.  U 
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in  the  general  or  tabular  form  of  the  Fluent,  and  the 
refult  will  be  the  particular  Fluent  fought  ; after  it  is 
multiplied  by  any  coefficient  the  propofed  fluxion  may 
have. 

For  Ex.  To  find  the  Fluent  of  the  given  fluxional 

cxprefiion  This  agrees  with  the  firil  form  ; and 

by  comparing  the  fluxions,  it  appears  tliat  x = x,  and 
« — I rr  I,  or  « ~ I ; which  being  fubftituted  in  the 


tabular  Fluent,  or  — x^,  gives,  after  multiplying  by  3 


s fi 

the  coefficient,  3 X or  |.v^'  for  the  Fluent  fought. 
Again,  To  find  the  Fluent  of  ^x'^x\/ 

X 


or 


a 


This  belongs  to  the  2d  form  ; for 
3 under  the  vmcuhim, 


,-3 


n 


m 


7. 9 


01 


n 


2, 


771  — I,  and  the  exponent’^  ^ of  pc 
without  the  vinculum,  by  ufing  3 for  w,  is  n — i 
which  agrees  with  x"^  in  the  fluxion  given  ; and  there 
fore  all  the  parts  of  the  form  are  found  to  anfwer. 
Then,  fubftitiiting  thefe  values  into  the  general  Fluent, 

— (a  — it  becomes  — 

mn^  3 3x3 

- v° 


X^x  . 

r.  This  agfrees 

I -I-  PC  3 ^ 


Thirdly,  To  find  the  Fluent  of 

with  the  8th  form  ; where  d:  a"  = + in  the  deno- 
minator, or  « = 3 ; and  the  numerator  x^  ^ then  be- 
comes which  agrees  with  the  numerator  in  the 
given  fluxion  ; alfo  a — 1.  Flence  then,  by  fubilitut- 

ing  in  the  general  form  of  the  Fluent  logarithm  of 

a 4-  a’’,  it  becomes  j logarithm  of  i x^. 

IX.  To  Fluents  by  means  of  Infinite  Series. — 
When  a finite  form  cannot  be  found  to  agree  with  a 
propofed  fluxion,  it  is  then  ufual  to  throw  it  into  an 
infinite  feries,  either  by  divifion,  or  extradlion  of  roots, 
or  by  the  binomial  theorem,  &c  ; after  which,  the 
Fluents  of  all  the  terms  are  taken  feparately. 


For  Ex.  To  find  the  Fluent  of i-.  Here, 

I + A — A^ 

by  dividing  the  numerator  by  the  denominator,  this  be- 
comes A’  — 2XX  ~Y  3a^a  — ^x^x  -f-  &c  ; and,  the 

Fluents  of  all  the  terms  being  taken,  give 
A — -f  _p  .s^^s  3^c,  for  thc  Flucnt  fought. 

Fo  CorreB  a Fluent. — The  Fluent  of  a given  flux- 
ion, found  as  above,  fometimes  wants  a correction,  to 
make  it  contemporary  with  tliat  required  by  the  pro- 
blem under  confideration,  &c  : for  the  Fluent  of  any 
given  fluxion,  as  a,  may  be  either  x (which  is  found  by 
the  rule)  or  it  may  be  a rh  r,  that  is  a plus  or  minus 
fome  conftant  quantity  e ; becaiife  both  a and  a d:  r 
have  the  fame  fluxion  a : and  the  finding'  of  this  con- 
ftant quantity,  is  cidled  correcting  the  Fluent.  Now 
this  correction  is  to  be  determined  from  the  nature  of 
the  prohicm  in  hand,  by  which  we  come  to  know  the  re- 
lation which  the  Fluent  quantities  have  to  each  other 
at  fome  certain  point  or  time.  Reduce  therefore  the 
general  Fluential  equation,  found  by  the  rules  above, 
to  that  point  or  time  ; then  if  the  equation  be  true  at 
that  point,  it  is  correCl ; but  if  not,  it  wants  a correc- 
tion, and  the  quantity  of  that  correction  is  the  dif- 


fei'ence  between  the  two  general  Tides  of  thc  equation 
when  reduced  to  that  particular  ftate.  Hence  the  ge- 
neral rule  for  the  correCcion  is  this  ; 

Connect  the  conftant,  but  indeterminate,  quantity  c 
with  one  fide  of  the  Fluential  equation,  as  determined 
by  the  foregoing  rules  ; then,  in  this  equation,  fubfti- 
tute  for  the  variable  quantities  fuch  values  as  they  are 
known  to  have  at  any  particular  ftate,  place,  or  time  ; 
and  then  from  that  particular  ftate  of  the  equation  find 
the  value  of  r,  the  conftant  quantity  of  the  correction. 

Fx.  To  find  the  CorreCt  Fluent  of  I;  = ax^x.  Firft 
the  general  Fluent  of  this  is  z = or  2;  = ax^  + r, 
taking  in  the  correction  c. 

Now  if  it  be  known  that  z and  a begin  together,  or 
that  z =2  Of  when  x — o ; then  waiting  o both  for  x 
and  z,  the  general  equation  becomes  o = o -h  r,  or 
e — o ; fo  that,  the  value  of  c being  o,  the  Correcft 
Fluents  are  2;  = ax"^. 

But  if  2;  be  — o,  when  a is,rr:  b,  any  known  quan- 
tity ; then  fubftitiiting  o for  z,  and  b for  a,  in  the  ge- 
neral equation,  it  becomes  o — ab'^  c,  from  which  is 
found  r = — ab‘^  ; and  this  being  written  for  it  in  the 
general  equation,  this  becomes  2;  = — ab"^,  for  the 

correct,  or  contemporary  Fluents. 

Or  laftly,  if  it  be  known  that  2;  is  = fome  quantity 
If  when  A is  equal  fome  other  quantity,  as  b ; then  fub- 
ftituting  d for  z,  and  h for  a,  in  the  general  Fluential 
equation  2;  = ax^  + c,  it  becomes  d ■=.  ab^  -J-  c ; and 
hence  is  deduced  the  value  of  the  correction,  viz, 
c — d — ah^  ; confequently,  writing  this  value  for  c in 
the  general  equation,  it  becomes  z — ax^  — ab"^  ft-  dy 
for  the  Correct  equation  of  the  Fluents  in  this  cafe. 

And  hence  arifes  another  eafy  and  general  way  of 
correcting  the  Fluents,  which  is  this  : In  the  general 
equation  of  the  Fluents,  write  the  particular  values  of 
the  quantities  which  they  are  known  to  have  at  any 
certain  time  ; then  fubtraCt  the  fides  of  the  refulting 
particular  equation,  from  the  correfponding  Tides  of  the 
general  one,  and  the  remainders  will  give  the  Correcft 
equation  of  the  Fluents  fought.  So,  as  above, 
the  genera]  equation  being  - z ~ ax^ 'y 

write  d for  z,  and  b for  a,  then  - d ~ ah^ ; 
hence  by  fubtraCtion  - z — d =:  ax^  — ab*^y 

or  z — ax^  — al^  ft  dy 

the  Correct  Fluents  as  before. 

FLUID,  or  Fluid  Body^  according  to  Newton,  is 
that  whofe  parts  yield  to  the  fmalleft  force  imprcfled, 
and  by  yielding  are  eafily  moved  among  each  other ; 
in  which  fenfe  it  ftands  oppofed  to  a folid.  This  is 
the  definition  of  a perfeCt  fluid  : if  the  Fluid  require 
fome  fenfible  force  to  move  its  parts,  it  is  imperfedl  in 
proportion  to  that  force  j fuch  as  perhaps  all  the  fluids 
we  know  of  in  nature. 

That  Fluids  have  vacuities  in  their  fubftance  is  evi- 
dent, becaiife  certain  bodies  may  be  dilfolved  in  them 
v/ithoiit  increafing  their  bulk.  Thus,  water  will  dif- 
folve  a certain  quantity  of  fait ; after  which  it  will  re- 
ceive a little  fiigar,  and  after  that  a little  alum  ; and 
all  this  without  increafing  its  firft  dimenfions.  Which 
fnews  that  the  particles  of  thefe  folids  are  fo  far  fepa- 
rated  as  to  become  fmaller  than  tliofe  of  the  Fluid,  and 
to  be  received  and  contained  in  the  interftices  between 
them. 

Fluids  are  eitlier  elaftic,  fuch  as  air  j or  non-elaftic, 

as 
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as  water,  mercury,  &c.  Thefe  latter  occupy  the  fame 
fpace,  or  are  of  the  fame  bulk,  under  all  preffures  or 
forces  ; but  the  former  dilate  and  expand  themfelves 
continually  by  taking  off  the  external  preffure  from 
them  ; for  which  reafon  it  is  that  the  denfity  and  elaf- 
ticity  of  fuch  fluids,  are  proportional  to  the  force  or 
weight  that  compreffes  them.  The  do6frine  and  laws  of 
Fluids  are  of  the  greatefl  extent  in  philofophy  ; the 
properties  of  elaftic  Fluids  conftituting  the  dodlrine  of 
Pneumatics  ; thofe  of  the  non-elaftic  ones,  that  of  Hy- 
dro llatics  ; and  their  motions,  Hydraulics.  For  which 
fee  thefe  refpeftive  articles.  Alfo, 

For  the  laws  of  the  prefliire  and  gravitation  in  Fluids 
fpecifically  heavier  or  lighter  than  the  bodies  immerged, 
fee  Specific  Gravity, 

For  the  laws  of  the  refiflance  of  Fluids,  or  the  retar- 
dation of  folid  bodies  moving  in  Fluids,  fee  Resist- 
ance. And 

For  the  afeent  of  Fluids  in  capillary  tubes,  or  be- 
tiveen  glafs  planes,  &c,  fee  Ascent,  and  Capillary 
T ubes, 

FI^UTES,  or  Flutings,  are  certain  channels  or 
cavities  cut  along  the  fliaft  of  a column,  or  pllaller. 

FLUIDITY,  that  fuate  or  affection  of  bodies,  which 
denominates  or  renders  them  Fluid  ; or  that  property 
by  which  they  yield  to  the  fmallell  force  imprelfed  : in 
contradiflinifliion  to  Solidity  or  Flrmnefs. 

Fluidity  is  to  be  carefully  dlfllnguiflied  from  Liqui- 
dity or  Humidity,  which  latter  implies  wetting  or  ad- 
hering. Thus,  air,  ether,  mercury,  and  other  melted 
metals,  and  even  fmoke  and  flame  itfelf,  are  Fluid  bo- 
dies, but  not  Liquid  ones  ; whilff  water,  beer,  milk, 
urine.  See,  are  both  Fluids  and  Liquids  at  the  fame 
time. 

The  nature  and  cauRs  of  Fluidity  have  been  va- 
rioufly  afligned.  The  Gaffendills,  and  ancient  cor- 
pufcularians,  require  only  three  conditions  as  neceffary 
to  it  ; viz,  a fmallnefs  and  fmoothnefs  of  the  particles 
of  the  body,  vacuities  interfperfed  between  them,  and  a 
fpherical  figure.  The  Cartefians,  and  after  them  Dr. 
Hook,  Mr.  Boyle,  Sec,  befide  thefe  circumflances, 
require  alfo  a certain  Internal  or  intefline  motion 
of  the  particles  as  chiefly  contributing  to  Fluidity. 
Thus,  Mr.  Boyle,  in  his  Hlftory  of  Fluidity,  argues 
from  various  experiments : for  example,  a little  dry 
powder  of  alabafler,  or  plaifter  of  Paris,  finely  fifted, 
being  put  into  a veffel  over  the  fire,  foon  begins  to  boil 
like  water  ; exhibiting  all  the  motions  and  phenomena 
of  a boiling  liquor : it  will  tumble  varioufly  in  great 
waves  like  that  ; will  bear  flirring  with  a flick  or  ladle 
like  that,  without  refifting* ; and  if  flrongly  flirred  near 
the  fide  of  the  veflel,  its  waves  will  apparently  dafli 
againft  it  : yet  it  is  all  the  while  a dry  parched  pow- 
der. 

The  like  is  obferved  in  fand  ; a difli  of  hich  being 
fet  on  a drum-head,  brifl<ly  beaten  by  the  flicks,  or  on 
the  upper  ftone  of  a mill,  it  in  all  refpedls  emulates  the 
properties  of  a Fluid  bod}^  A heavy  body,  ex.  gr.  will 
immediately  fink  in  it  to  the  bottom,  and  a light  one 
emerge  to  the  top  : each  grain  of  fand  has  a conflant 
vibratory  and  dancing  motion;  and  if  a hole  be  made  in 
the  fide  of  the  difli,  the  fand  will  fpin  out  like  water. 

The  Cartefians  bring  divers  confiderations  to  prove 
that  the  parts  of  Fluids  are  in  continual  motion  ; as  ift, 


The  change  of  folids  into  Fluids,  ex.  gr.  ice  into  wa- 
ter, and  Vice  veria  ; the  chiei  dilference  between  the 
body  in  thofe  two-flates  confifling  in  this,  that  the  parts, 
being  fixed  and  at  refl  in  the  one,  refifl  the  touch  ; 
whereas  in  the  other,  being  already  in  motion,  they 
give  way  to  the  llightell  impiilfe.  zdly,  1 he  eflects  of 
Fluids,  which  commonly  proceed  from  motion  : fuch 
are  the  infinuation  of  Fluids  among  the  pores  of  bo- 
dies ; the  foftening  and  diffolving  hard  bodies  ; the  ac- 
tions of  corrofive  menflruums  ; &c  : Add,  that  no  fo- 
lid can  be  brought  to  a ftate  of  Fluidity,  without  the 
intervention  of  fome  moving  or  moveable  body,  as  fire, 
air,  or  water.  Air,  the  fame  gentlemen  hold  to  be 
the  firflfpring  of  thefe  caufes  of  Fluidity,  it  being  this 
that  gives  motion  to  fire  and  water,  though  itfelf  re- 
ceives its  motion  and  action  from  the  ether,  or  fubllc 
medium. 

But  Boerhaave  pleads  ftrenuoiifly  that  fire  is  the  firil 
mover,  and  the  caufe  of  all  Fluidity  in  other  bodies,  as 
air,  water.  Sec  : without  this,  he  Ihews  that  the  at- 
moiphere  itfelf  would  fix  into  one  folid  mafs.  And  in 
like  manner.  Dr.  Black,  of  Edinburgh,  mentions  Flui- 
dity as  an  effe6f  of  heat.  The  different  degrees  of 
heat  which  are  required  to  bring  different  bodies  Into  a 
ftate  of  Fluidity,  he  fuppofes  may  depend  on  fome  par- 
ticulars in  the  mixture  and  compofitlon  of  the  bodies 
themfelves  : which  is  rendered  farther  probable  from 
confidering  that  the  natural  ftate  of  bodies  in  this  re- 
fpedl  is  changed  by  certain  mixtures  ; thus,  when  two 
metals  are  compounded,  the  mixture  is  commonly  more 
fufible  than  either  of  them  feparately. 

Newton’s  idea  of  the  caufe  of  Fluidity  is  different  : 
he  makes  it  to  be  the  great  principle  of  attradlion. 
various  Intefline  motion  and  agitation  among  the  parti- 
cles of  Fluid  bodies,  he  thinks  is  naturally  accounted 
for,  by  fuppofing  it  a primary  law  of  nature,  that  as  all 
the  particles  of  matter  attraeff  each  other  when  within 
a certain  dlllance  ; lo  at  all  greater  dillances,  they  avoid 
and  fly  from  one  another.  For  then,  though  their 
common  gravity,  together  witli  the  preff  ure  of  other 
bodies  upon  them,  may  keep  them  togtther  in  a mafs, 
yet  their  continual  endeavour  to  avoid  one  anotiier 
linglv,  and  the  adventitious  impiilles  of  heat  and  light, 
or  other  external  caufes,  may  make  the  particles  of 
Fluids  continually  move  round  about  one  another,  and 
fo  produce  this  quality. 

As  therefore  the  cauie  of  cohefion  of  the  parts  of  fo- 
lid bodies  appears  to  be  their  mutual  attraifllon  ; fo,  on 
this  principle,  the  chief  caufe  of  Fluidity  leems  to  be  a 
contrary  motion,  impreffed  on  the  particles  of  Fluids  ; 
by  which  they  avoid  and  fly  from  one  ancther,  as  icon 
as  they  come  at,  and  as  long  as  they  keep  at,  fuch  a 
diftance  from  each  other. 

It  is  obferved  alfo  in  all  Fluids,  that  the  dlrecfion  of 
their  preffure  againft  the  veffels  which  contain  them,  is 
in  lines  perpendicular  to  the  lides  of  fuch  veffels  ; which 
property,  being  the  neceffiiry  refult  of  the  fpherical  fi- 
gure of  the  particles  of  any  Fluid,  fliews  that  the  parts 
of  all  Fluids  are  fo,  or  of  a figure  very  nearly  approach- 
ing to  it. 

FLUX,  in  Hydrography,  a regular  and  periodical 
motion  of  the  fea,  liappening  twice  in  24  hours  and  48 
minutes,  nearly  ; in  which  time  the  w'ater  is  raifed,  and 
driven  violently  againft  the  fliorcs.  The  Flux,  or  Flow, 
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is  one  of  tlic  motions  of  the  tide  : the  other,  by  which 
the  water  finks  and  retires,  being  called  the  Reflux,  or 
Ebb.  See  Tide. 

Between  the  Flux  and  Reflux  there  is  a kind  of  reft 
or  'ceflation,  of  '^.bout  half  an  hour  ; during  which  time 
the  water  is  at  its  greateft  height,  called  High-v/ater. 

The  Flux  of  the  fea  follows  chiefly  the  collide  of  the 
moon  ; and  is  always  higheft  and  greateft  at  new  and 
full  moons,  particularly  near  the  time  of  the  equinoxes. 
In  fome  parts,  as  at  Mount  St.  Michael,  it  riles  80  or 
90  feet,  though  in  the  open  fea  it  never  rifes  above  a 
foot  or  two  ; and  in  fome  places,  as  about  the  Morea^ 
there  is  no  flux  at  all.  It  runs  up  fome  rivers  above 
120  miles:  though  up  the  river  Thames  it  goes  only 
about  80,  viz,  near  to  Kingfton  in  Surry.  Above 
Eondon-bridge,  the  water  flows  4 hours,  and  ebbs  8 ; 
and  below  the  bridge,  it  flows  5 hours,  andebbs  7. 

FLUXION,  in  the  Nev/tonian  analyfls,  denotes  the 
rate  or  proportion  at  which  a flowing  or  varying  quan- 
tity increafes  its  magnitude  or  quantity  ; and  it  is  pro- 
portional to  the  magnitude  by  which  the  flowing  quan- 
tity would  be  uniformly  increafed,  in  a given  time,  by 
the  generating  quantity  continuing  of  the  invariable 
magnitude  it  has  at  tlie  moment  of  time  for  which  the 
Fluxion  is  taken  : by  which  it  ftands  contradiftinguilhed 
from  fluent,  or  the  flowing  quantity,  which  is  gradually, 
and  indefinitely  increafing,  after  the  manner  of  a fpace 
which  a body  in  motion  defcribes. 

Mr.  Simpfon  obferves,  that  there  is  an  advantage  in 
thus  ctmfidering  Fluxions,  not  as  mere  velocities  of  in- 
creafe  at  a certain  point,  but  as-  the  magnitudes  which 
would  be  uniformly  generated  in  a given  finite  time  : 
the  imagination  is  not  here  confined  to  a fingle  point, 
and  the  higher  orders  of  Fluxions  are  rendered  much 
more  eafy  and  intelligible.  And  though  Sir  Ifaac 
Newton  defines  Fluxions  to  be  the  velocities  of  motions, 
yet  he  has  recourfe  to  the  moments  or  increments,  ge- 
nerated in  equal  particles  of  time,  to  determine  thofe 
velocities,  wdfich  he  afterwards  directs  to-  expound  by 
finite  magnitudes-  of  other  kinds. 

As  to  the  illuftration  of  this  definition,  and  the  rules 
for  finding  the  Fluxions  of  a!l  forts  of  fluent  quan- 
tities, fee  the  foUowiag  article,  or  the  Method  of 
Fluxions. 

Method  of  Fluxions,  is  the  algoiillmi  and  analyfis 
of  Fluxions,  and  fluents  or  flowing  quantities., 

Moft  foreig;ners  define  this  as  the  method  of  dif- 
ferences or  difierentitils,  being  the  analyfis  of  indefinitely 
fmall  quantities.  But  Newton,  and  other  Engliih  au- 
thors, call  thefe  infinitely  fmall  quantities,  moments 
coniidering  them  as  the  mom.entary  increments  of  va- 
riable quantities  ; as  of  a line  corifidered  as  generated 
by  the  flux  or  motion  of  a point,  or  of  a furface  gene- 
rated by  the  flux  of  aline.  Accordingly,  the  variable 
quantities  are  called  Fluents,  or  flowing  quantities ; 
and  the  method  of  finding  either  the  Fluxion,  or  the 
fluent,  the  method  of  Fluxions. 

M.  Leibnitz  confiders  the  fame  infinitely  fmall  quan- 
tities as  the  differences  or  differentials,  of  quantities  ; 
and  the  method  of  finding  thofe  differences,  he  calls  the 
Differential  Calculus. 

Befides  this  difference  in  the  name,  there  is  another 
in  the  notation.  Newton  exprefles  the  Fluxion  of 
quantity,  as  of  .v,  by  a dot  placed  over  it,  thus  ;v  ,* 


while  Leibnitz  expreffes  his  differential  of  the  fame 
by  prefixing  the  initial  letter  </,  as  dx.  But,  fettiag; 
afide  thefe  circurnffances,  the  two  methods  are  juft 
alike. 

The  Method  of  Fluxions  is  one  of  the  greateft,  moft 
fubtle,  and  fublime  diicoveries  of  perhaps  any  age  ; it 
opens  a new  vrorld  to  our  view,  and  extends  our  know- 
ledge, as  it  were,  to  infinity  ; carrying  us  beyond  the 
bounds  that  ieemed  to  have  been  preferibedto  the  hu- 
man mind,  at  leaft  infinitely  beyond  thofe  to  w-hich  the 
ancient  geometry  was  confined. 

The  hiftory  of  this  important  difeovery,  recent  as  it  is,  , 
is  a little  dark,  and  embroiled.  Two  of  the  greateft 
men  of  the  laft  ane  have  both  of  them  claimed  the  in- 
vention.  Sir  I.  Newton,  and  M.  Leibnitz  ; and  nothing- 
can  be  more  glorious  for  the  method  itfelf,  than  the 
zeal  with  which  the  partifans  of  either  fide  have  aflerted 
their  title. 

To  exhibit  a juft  view  of  this  difpute  ; and  of  the 
pretenfions  of  each  party,  we  may  here  advert  to  tha 
origin  of  the  difeovery,  and  mark  where  each  claim 
commenced,  and  how  it  was  fupported.. 

The  principles  upon  which  the  Method  of  Fluxions 
is  founded,  or  which  condudhed  to  it,  had  been  laying, 
and  gradually  developing,  from  the  beginning  of  the 
laft  century,  by  Ferraat,  Napier,  Barrow,  Wallis,  Slu- 
fius,  &c,  who  had  methods  of  drawing  tangents,  o£  " 
maxima  and  minima,  of  quadratures,  &c,  in  certain 
particular  cafes,  as  of  rational  quantities,  upon  nearly 
the  fame  principles.  And  it  was  not  wonderful 
that  fuch  a genius  as  New^ton  fliould  foon  after  raife 
thofe  faint  beginnings  into  a regular  and  general  fyftem. 
of  fcience,  whJdi  he  did  about  the  year  1665,  or 
fooner. 

The  firft  time  however  that  the  method  appeared  in 
print,  w^as  in  1684,  when  M.  Leibnitz  gave  the  rules 
of  it  in  the  Leipfic  Acts  of  that  year  ; but  wuthout  the 
demoiiftrations.  The  two  brothers  however,  John  and 
James  Bernoulli,  being  greatly  ftruck  with  this  new  me- 
thod, applied  themfelves  diligently  to  it,  found  out  the 
demoiiftrations,  and  applied  the  calculus  with  great 
fuccefs. 

But  before  this,  M.  Leibnitz  had  propofed  his  Dif- 
ferential Method,  viz,  in  a letter,  dated  Jan.  21,  1677, 
in  Vv^hich  he  exactly  puifiies  Dr.  Barrow’s  method  of 
tangents,  which  had  been  publiflied  in.  1670  : and 
Newton  communicated  his  method  of  drawing  tangents 
to  Mr.  Collins,  in  a lettej-  dated  Dec.  10,  1672  ; which 
letter,  together  with  another  dated  June  13,  1676,  were 
fent  to  Mr.  Leibnitz  by  Mr.  Oldenburgh,  in  1676.  So. 
that  there  is  a llrong  prefumption,  that  he  might  avail' 
himfelf  of  the  information  contained  in  thefe  letters,  and 
other  papers  tranfmitted  with  them,  and  alfo  in  1675, 
before  the  publication  of  his  own  letter,  containing  the. 
firft  hint  of  his  differential  method.  Indeed  it  fufli- 
cientl'y  appears  that  Newton  had  invented  his  method 
before  the  year  1 669,  and  that  he  actually  made  ufe  of 
it  in  his  Compendium  of  Analyfis  and  C^adrature  of 
Curves  before  that  time.  His  attention  feems  to  have 
been  diredled  this  way,  even  before  the  time  of  the 
plague  wdiicli  happened  in  London  in  1665  and  1666, 
when  he  was  about  28  years  of  age. 

This  is  all  that  is  heard  of  the  method,  till  the  year 
1687,  when  Newton’s  admirable  Principia  came  out,. 
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wliich  15  almoil  wholly  built  on  the  fame  calculus.  The 
common  opinion  then  was,  that  Newton  and  Leibnitz 
had  each  invented  it  about  the  fame  time : and  what 
feemed  to  confirm  it  was,  that  neither  of  them  made 
any  mention  of  the  otlier ; and  that,  though  they 
agreed  in  the  fubfiance  of  the  thing,  yet  they  differed 
in  their  ways  of  conceiving  it,  calling  it  by  different 
names,  and  ufing  different  charafters.  However,  fo- 
reigners having  firft  learned  the  method  through  the 
medium  of  Leibnitz^s  publication,  which  fpread  the 
method  through  Europe,  thofe  geometricians  were  in- 
fenfibly  accuftomed  to  look  upon  him  as  the  foie,  or 
principal  inventor,  and  became  ever  after  flrongly 
prejudiced-  in  favour  of  his  notation  and  mode  of  con- 
ceiving it. 

The  two  great  authors  themfelves,  without  any  feem- 
ing  concern,  or  difpute,  as  to  the  property  of  the  in- 
vention, enjoyed  the  glorious  profpeft  of  the  progreffes 
continually  making  under  their  aufpices,  till  the  year 
1699,  when  the  peace  began  to  be  dillurbed. 

M.  Facio,  in  a treatife  on  the  Line  of  Swifted 
Defcent,  declared,  that  he  was  obliged  to  own  Newton 
as  the  fird  inventor  of  the  differential  calculus,  and  the 
fird  by  man-y  years  and  that  he  left  the  world‘-to  judge, 
wliether  Leibnitz,  the  fecond  inventor,  had  taken  any 
thing  from  him.  This  precife  didindflon  between  fird 
and  2d  inventor,  with  the  fufpicion  it  Infinuated,  raifed 
a controverfy  between  M.  Leibnitz,  fuppoited  by  the 
editors  of  the  Leipdc  Adis,  and  the  Englilh  mathema- 
ticians, who  declared  for  Newdon.  Sir  Ifaac  himfelf 
never  appeared  on  the  fcene  ; his  glory  was  become 
that  of  the  nation  ; and  his  adherents,  w^arm  in  the 
caufe  of  their  country,  needed  not  liis  affidancc  to  ani- 
mate them. 

Writings  fiicceeded  each  other  but  flowly,  on  either 
fide  ; probably  on  account  of  the  didance  of  places  ; 
but  the  controverfv  grew'  dill  hotter  and  hotter  : till  at 
length  IVI.  Leibnitz,  in  the  year  1711,  complained  to 
t-he  Roval  Society,  that  Dr.  Keil  had  accufed  him  of 
publifiiing  the  Method  of  Fluxions  invented  by  Sir  I. 
Newton,  under  other  names- and  charadfers.  He  infided 
that  nobody  knew  better  than  Sir  Il'aac  himfelf,  that  he 
had  dolen  nothing  from  him  ; and  required  that  Dr. 
Keil  Ihonld  dlfavow  the  ill  condrudlion  which  might 
be  put  upon  his  words. 

The  Society,  thus  appealed  to  as  a judge,  appointed 
a committee  to  examine  all  the  old  letters,  jiapers,  and 
documents,  that  had  paffed  among  the  feveral  mathe- 
maticians, relating  to  the  point  ; wdio,  after  a dricl  ex- 
amination of  all  the  evidence  that  could  be  procured, 
gave  in  their  report  as  follow'S  : “ That  IMr.  Leibnitz 
“ was  in  London  in  1673,  and  kept  a coirefpondence 
“ vdth  Mr.  Collins  by  means  of  Mr.  Oldenburgh,  till 
“ Sept.  1676,  when  he  returned  from  Paris  to  Plnno- 
“ ver,  by  way  of  London  and  Amderdam  : that  it  did 
“ not  appear  that  Mr.  Leibnitz  knew  any  thing  of  the 
“ differential  calculus  before  his  letter  of  the  2 id  of 
“ June,  1677,  which  w'as  a year  after  a copy  of  a le^:- 
“ ter,  written  by  New'ton  in  the  year  1672,  had  been 
“ fent  to  Paris  to  be  communicated  to  him,  and  above 

4 years  after  Mr.  Collins  began  to  communicate  that 

letter  to  his  correfpondents  ; in  which  the  Method  of 

Fluxions  W'as  fufficiently  explained,  to  let  a man  of  his 

fagacity  into  the  whole  matter  ; and  that  Sir  1.  New- 


‘‘  ton  had  even  invented  his  method  before  the  year 
“ 1669,  and  confeqnently  15  years  before  M.  Leibnitz 
“ had  given  any  thing  on  the  fubje6l  in  the  Leipfic 
“ A6ls.”  From  which  they  concladed  that  Dr. 
Keil  had  not  at  all  injured  M.  Leibnitz  in  what  he  had 
faid. 

The  Society  prhited  this  their  determination,  toge- 
ther wdth  all  the  pieces  and  materials  relating  to  it,  under 
the  title  of  Commercium  Epidolicum  de  Analyfi  Pro- 
mota,  8vo,  Lond.  1712.  This  book  was  carefully 
didributed  through  Europe,  to  vindicate  the  title  of  the 
Englifii  nation  to  the  difeovery  ; for  Newton  himfelf,. 
as  already  hinted,  never  appeared  in  the  affair  : whether 
it  was  that  he  trufted  his  honour  with  liis  compatriots, . 
who  were  zealous  enough  in  the  caufe  ; or  whether  he. 
felt  himfelf  even  fupeifor  to  the  glory  of  it. 

M.  Leibnitz  and  his  friends  however  could  not  lliew’ 
the  fame  indifference  ; he  wais  accufed  of  a theft  ; and 
the  whole  Commercium  Epidolicum  either  expreffes  it' 
in  terms,  or  infiniiates  ic.  Soon  after  the  publication 
therefore,  a loofe  fheet  was  printed  at  Paris,  in  behalf 
of  M.  Leibnitz,  then  at  Vienna.  It  is  written  with 
great  zeal  and  fpirit  ; and  it  boldly  maintains  that  the 
Method  of  Fluxions  had  not  preceded  the  Method  of 
Differences  ; and  even  infiniiates  that  it  mit^ht  have  ari- 
fen  from  it.  The  detail  of  the  proofs  however,  on 
each  fide,  would  be  too  long,  and  could  not  be  under- 
dood  without  a large  comment,  which  mud  enter  into 
the  deeped  geometry. 

M.  l^eibnitz  had  begun  to  work  upon  a Commercium 
Ep  idollcum,  in  oppofition  to  that  of  the  Roval  So- 
ciety ; but  he  died  before  it  was  completed. 

A fecond  edition  of  the  Commercium  Epidolicum 
was  printed  at  London  in  1722;  when  Newton,  in  the 
preface,  account,  and  annotations,  wLich  were  added 
to  that  edition,  particularly  anfwered  all  the  objehlions 
which  Leibnitz  and  Bernoulli  were  able  to  make  fince 
the.  Commercium  fird  appeared  in  1712  ; and  from  the 
lad  edition  of  the  Commercium,  with  the  various  ori- 
ginal papers  contained  in  it,  it  evidently  appears  that 
Newton  had  difeovered  his  Method  of  Fluxions  many 
yea.rs  before  the  pretenfions  of  I.elbnitz.  See  alio 
Raphfoif  s Hiilory  of  Fluxions. 

There  are  liowtver,  according  to  the  ojiliiion  offome,, 
dvong  prefumptions  in  favour  of  Leibnitz  ; i.  e.  that  he 
was  no  plagiary  : for  that  Newton  was  at  lead  the  fird 
inventor,  is  pad  all  difpute;  his  gloiy  is  fecure  ; the 
rcafonable  part,  even  among  the  foreigners,  allow  it  : 
and  the  quedion  is  only,  w hethcr  Leibnitz  took  it  from 
him,  or  fell  upon  the  fame  thing  with  him  ; for,  in  his 
theory  of  abdraCt  notions,  -whicli  he  dedicated  to  the 
Royal  AcadeiUy  in  1671,  irefore  he  had  feen  any  thinsr 
( flsLwton’s,  he  already  fuppofed  Infinitclv  frnall  quam 
titles,  fome  greater  than  others  ; which  is  one  of  the 
great  prindries  of  his  fydem. 

Before  profeenting  farther  the  hidory  and  improve- 
ments ot  this  fcicnce,  i-  will  be  proper  to  preinife  fome- 
Vv’hat  of  the  principles  and  pradice  of  it,  according  to 
the  ideas  of  the  inventor. 

Principles  of  th^  Method  of  Fluxjoks* 

^ T.  In  the  dodtnneof  Fluxions,  magnitudes  or  quan- 
tities,, of  all  kinus,  are  confidered,  not  as  made  up  of  a 
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Lumber  of  fmall  parts,  but  as  generated  by  continued 
motion,  by  means  of  which  they  increafe  or  decreafe  : 
as  a fine  by  the  motion  of  a point ; a furface  by  the 
motion  of  a line  ; and  a folid  by  the  motion  of  a fur- 
face:  which  is  no  new  principle  in  geometry ; having 
been  ufed  by  Euclid  and  Archimedes.  So  like  wife, 
time  may  be  conhdered  as  reprfefented  by  a line,  increaf- 
ing  uniformly  by  the  motion  of  a point.  Aiid  quan- 
tities of  all  kinds  whatever,  which  are  capable  of  in- 
creafe and  decreafe,  may  in  like  manner  be  reprefented 
by  lines,  furfaces,  or  folids,  conhdered  as  generated 
by  motion. 

2.  Any  quantity,  thus  generated,  and  variable,  is 
called  a Fluent,  or  a flowing  quantity.  And  the  rate 
or  proportion  according  to  which  any  flowing  quantity 
increafes,  at  any  pohtion  or  inflant,  is  the  Fluxion  of 
the  faid  quantity,  at  that  pohtion  or  inflant : and  it  is 
proportional  to  the  magnitude  by  which  the  flowing 
quantity  would  be  uniformly  increafed,  in  a given  time, 
with  the  generating  celerity  uniformly  continued  du- 
ring that  time. 

3.  The  fmall  quantities  that  are  adually  generated 
or  deferibed,  in  any  fmall  given  time,  and  by  any  con- 
tinued motion,  either  uniform  or  variable,  are  called  In- 
crements. 

4.  Hence,  if  the  motion  of  increafe  be  uniform,  by 
which  incremients  are  generated,  the  increments  will  in 
that  cafe  be  proportional,  or  equal,  to  the  meafures  of 
the  Fluxions  : but  if  the  motion  of  increafe  be  accele- 
rated, the  increments  fo  generated,  in  a given  hnite 
time,  will  exceed  the  Fluxion  ; and  if  it  be  a decreahng 
motion,  the  increment  fo  generated,  will  be  lefs  than 
the  Fluxion.  But  if  the  time  be  indehnitely  fm.all,  fo 
that  the  motion  be  confidered  as  uniform  for  that  in- 
flant ; then  thefe  nafeent  increments  will  always  be  pro- 
portional or  equal  to  the  Fluxions,  and  may  be  fiibfii- 
tuted  for  them,  in  any  calculation. 

5.  To  illuftrate  thefe  definitions  : Suppofe  a point 
m be  conceived  to  move  from  the  pofition  A,  and  to 

m 


generate  a line  AP,  with  a motion  any-how  regulated  ; 
and  fuppofe  the  celerity  of  the  point  m,  at  any  pofition 
P,  to  be  fuch,  as  would,  if  from  thence  it  flioiild  become, 
or  continue,  uniform,  be  fufficient  to  deferibe,  or  pafs 
uniformly  over,  the  dihance Py>,  in  thegiven  time  allowed 
for  the  Fluxion  : then  will  the  faid  line  Vp  reprefent 
the  Fluxion  of  the  faid  fluent  or  flowing  line  AP,  at 
that  pofition. 

6.  Again,  fuppofe  the  right  line  nin  to  move,  from 
the  pofition  AB,  continually  parallel  to  itfelf, 

B Q <7  C 
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with  any  continued  motion,  fo  as  to  generate  the  fluent, 
or  flowing  redlangle  ABQP>  whilft  the  point  m de- 
feribes  the  line  AP;  alfo  let  the  diflance  Vp  be  taken, 
I 


as  above,  to  exprefs  the  Fluxion  of  the  line  or  bafe 
AP  ; and  complete  the  reflangle  PQ^yf>»  Then,  like 
as  Pp  is  the  Fluxion  of  the  line  AP,  lo  is  the  fmall  pa- 
rallelogram Py  the  Fluxion  of  the  flowing  parallelo- 
gram, A(Ai  both  thefe  Fluxions  or  increments  being 
uniformly  deferibed  in  the  fame  time. 

7.  In  like  njaniier,  if  the  folid  AERP  be  con- 
ceived as  generated  by  the  plane  PQR  miOving, 


from  the  pofition  ABE,  always  parallel  to  itfelf,  along 
the  line  AD  ; and  if  Pp  denote  the  Fluxion  of  the 
line  AP.  Then,  like  as  the  parallelogram  Py,  or 
Py>  X PQj  expreifes  the  Fluxion  of  the  flowing  rec- 
tangle A Q^,  fo  likewile  lliall  the  Fluxion  of  the  varia- 
ble iolid  or  prifm  AR  be  exprefled  by  the  prifm  Pr,  or 
Pp  X the  plane  PR.  And  in  both  tliefe  lall  two 
cafes,  it  appears  that  the  Fluxion  of  the  generated  rec^ 
tangle,  or  prifm,  is  equal  to  the  produdl  of  the  gene- 
rant,  whether  line  or  plane,  drawn  into  the  Fluxion  of 
the  line  alono;  which  it  moves. 

8.  Hitherto  the  generant,  or  generating  line  or 
plane,  has  been  confidered  as  of  a conftant  or  invaria- 
ble magnitude  ; in  which  cafe  the  fluent,  or  quantity 
generated,  is  a parallelogram,  or  a prifm,  the  former 
being  deferibed  by  the  motion  of  a line,  and  the  latter 
by  the  motion  of  a plane.  In  like  manner  are  other 
figures,  whether  plane  or  folid,  conceived  to  be  de- 
feribed, by  the  motion  of  a variable  magnitude,  whether 
it  be  a line  or  a plane.  Thus,  let  a variable  line  PC^be 
carried  with  a parallel  motion  along  AP,  or  whillt  a 
point  P is  carried  along,  and  deferibes,  the  line  AP, 


fuppofe  another  point  to  be  carried  by  a motion 
perpendicular  to  the  former,  and  to  deferibe  the  line 
P(i^  let  pq  be  another  pofition  of  PQ^,  indefinitely 
near  to  the  former  ; and  draw  Qy*  parallel  to  AP. 
Nowin  this  cafe  there  are  feveral  fluents  or  fioAving 
quantities,  with  their  refpedfive  Fluxions  : viz,  tlie  line 
or  fluent  AP,  the  Fluxion  of  which  is  Py,  or  Q>y  the  line 
or  fluent  PQ,  the  Fluxion  of  which  is  qr  ; the  curve, 
or  oblique  line  AQ,  dclcribedby  the  oblique  motion  of 
the  point,  the  Fluxion  of  which  is  y ; and  lailly  the 
furface  APQ  , deferibed  by  the  variable  line  PQ^,  and 
the  Fluxion"^  of  which  is  the  reftangle  FQ3A 
PQ^X  Fy>.  And  in  the  fame  manner  m.ay  any  folid 
be  conceived  to  be  deferibed,  by  the  motion  of  a A^ari- 
able  plane  parallel  to  itfelf,  iubftituting  the  variable 
plane  for  the  variable  line  ; in  which  cafe,  the  Fluxion 
of  the  folid,  at  any  pofition,  is  reprefented  by  theva- 
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riabk  plane,  at  tliat  pofition,  drawn  into  the  Fluxion 
of  the  line  along  which  it  is  carried. 

9.  Hence  then  it  follows  generally,  that  the  Fluxion 
of  any  figure,  whether  plane  or  folid,  at  any  pofition, 
is  equal  to  the  fedtion  of  it,  at  that  pofition,  drawn 
into  the  Fluxion  of  the  axis,  or  line  along  which  the  va- 
riable fedlion  is  fuppofed  to  be  perpendicularly  carried  ; 
1.  e.  the  Fluxion  of  the  figure  AQJ^,  is  equal  the  plane 
PQ^X  Py>  when  that  figure  is  a folid,  or  to  the  ordi- 
nate PQ^x  Py>  when  the  figure  is  a furfuce. 

10.  It  alfo  follows,  from  the  fame  premifes,  that, 

in  any  curve,  or  oblique  line,  AQ^  whofe  abfcifs  is 
AP,  and  ordinate  is  PQ^  the  Fluxions' of  thefe  three 
form  a fmall  right-angled  plane  triangle  for 

Qr  — Py>  is  the  Fluxion  of  the  abfcifs  AP,  qr  the 
Fluxion  of  the  ordinate  PQ^  and  Q_y  the  Fluxion  of 
the  curve  or  right  line  AQ^  And  confequently  that, 
in  any  curve,  the  fquare  of  the  Fluxion  of  the  curve,  is 
equal  to  the  fum  of  the  fquares  of  the  Fluxions  of  the 
abfcifs  and  ordinate,  when  thefe  two  lines  are  at  right 
angles  to  each  other. 

11.  From  the  premifes  it  alfo  appears,  that  contem- 
poraneous fiuents,  or  quantities  that  flow  or  increafe  to- 
gether, which  are  always  in  a conflant  ratio  to  each 
other,  have  their  Fluxions  alfo  in  the  fame  conflant 
ratio  at  every  pofit.ou.  For,  let  AP  and  BQJbe  two 


A P B 

contemporaneous  fluents,  defcribed  in  the  fame  time  by 
the  motion  of  the  points  P and  Qj  the  contemporaneous 
pofitions  being  P,  Q^,  and  /,  q ; and  let  AP  be  to  BQ^ 
or  Ap  to  By,  in  the  conflant  ratio  of  « to  i. 

Then  is  - - _ AP  =:  X BQ^, 

and  - . _ Ap  — n X Vyq  I 

therefore  by  fubtradlion,  - Vp  = n x Oq ; 
that  is,  the  Fluxion  Yp  : Fluxion  Q^y  ; : « ; i, 
the  fame  as  Fluent  AP  ; Fluent  B(^:  : n : i ; 
or  the  Fluxions  and  Fluents  are  in  the  fame  conflant 
ratio. 

But  if  the  ratio  of  the  fluents  be  variable,  fo  will  that 
of  the  Fluxions  be  alfo,  though  not  in  the  fame  va- 
riable ratio  with  the  former,  at  every  pofition. 

The  Notation^  difr,  hi  Fluxions, 

12.  To  apply  the  foregoing  principles  to  the  deter- 
mination of  the  Fluxions  of  algebraic  quantities,  by 
means  of  which  thofe  of  all  other  kinds  are  determined, 
it  will  be  necefiary  firfl  to  premife  the  notation  ufed  in 
this  fcience,  with  fome  obfervations.  As,  firfl,  that 
the  final  letters  of  the  alphabet  2,  y,  cu,  &c,  are 
ufed  to  denote  variable  or  flowing  quantities  ; and  the 
initial  letters  <7,  /»,  r,  r/,  See,  conflant  or  invariable 
ones  : Fhus,  the  variable  bafe  AP  of  the  flowing  rec- 
tangular figure  AB(^,  at  art.  6,  may  be  reprefented 
by  .V  ; and  the  invariable  altitude  PQ^,  by  a ; alfo  the 
variable  bafe  or  abfcifs  AP,  of  the  figures  in  art.  8, 
may  be  reprefented  by  .v  ; the  variable  ordinate  PQ, 
by  y ; and  the  variable  curve  or  line  AQ_,  by  z. 

Secondly,  that  the  Fluxion  of  a quantity  denoted 
by  a Angle  letter,  is  reprefented  by  the  fame  letter  with 
a point  over  it;  dhus  the  Fluxion  of  x is  exprefi'ed 


by  V,  that  of  y byji,  and  that  of  « by  i.  As  to  the 
Fluxions  of  conflant  or  invariable  quantities,  as  of  a, 
b,  c,  8cc,  they  are  equal  to  o or  nothing,  becaufe  they 
do  not  flow,  or  change  their  magnitude. 

Thirdly,  that  the  increments  of  variable  or  flowing 
quantities,  are  alfo  denoted  by  the  fame  letters  with  a 
fmall  (/)  over  them:  So  the  increments  of  x,  j, 
are  v,  y , z. 

13.  From  thefe  notations,  and  the  foregoing  princi- 
ples, the  quantities  and  their  Fluxions,  there  confider  * 
ed,  will  be  denoted  as  below. 


In  all  the  foregoing  figures,  put 
the  variable  or  flowing  line  . - - AP  = .y, 

in  art.  6,  the  conflant  line  - - - PQ^n: 

in  art.  8,  the  variable  ordinate  - - PQ^—  y, 

the  variable  curve  or  right  line  - - AQj=:  2;  ,* 

Then  fhall  the  feveral  Fluxions  be  thus  reprefented,  viz, 
X =:  ^p  the  Fluxion  of  the  line  AP, 
ax  rr  PQ^y/'  the  Fluxion  of  ABC^  in  art,  6, 
yx  — VQpp  the  Fluxion  of  APQqn  art.  8, 

z z=  x^  +9^^  Fluxion  of  AQ^ 

and^-v  = Pr  the  Flux,  of  the  folid  in  art.  7,  if 

a denote  the  conflant  generating  plane  PQT. 
AlfowYin  B(i^in  the  figure  to  art.  1 1, 
and  nx  — the  Fluxion  of  the  fame. 

14.  The  principles  and  notation  being  now  laid 
down,  we  may  proceed  to  the  pradlice  and  rules  of  this 
dodlrine,  which  confifls  of  two  principal  parts,  called 
the  diredl  and  inverfe  method  of  Fluxions  ; viz,  the 
diredt  method,  which  confifls  in  finding  the  Fluxion  ot 
any  propofed  fluent  or  flowing  quantity  ; and  the  in- 
verfe method,  which  confifls  in  finding  the  fluent  of  any 
propofed  Fluxion.  As  to  the  former  of  thefe  two 
problems,  it  can  always  be  determined,  and  that  in  finite 
algebraic  terms  ; but  the  latter,  or  finding  of  fluents, 
only  in  fome  certain  cafes,  except  by  means  of  infinite 
feries. — Firfl  then,  of 


The  DireB  Method  of  Fluxions, 

15.  To  find  the  Fluxion  of  the  produdl  or  redlan- 
gle  of  two  variable  quantities  ; 
let  ARQJ^  = xy  be  the  flow- 
ing or  variable  redlangle,  gene- 
rated by  two  lines  RQ^and  PQ^ 
moving  always  perpendicular  to 
each  other,  from  the  pofitions 
AP  and  AR  ; denoting  the  one 
by  X,  and  the  other  byy  ; and 
fuppofe  X and  y to  be  fo  related,  that  the  curve  AQ^ 
always  paffes  through  their  interfedlion  or  the  op- 
pofite  angle  of  the  redtangle. 

Now  this  redlangle  confifls  of  the  two  trilineal 
fpaces  APQ^,  ARQ^  of  which  the  Fluxion  of  the 
former  is  PQ_X  Vp  or  xy,  and  that  of  the  latter  is 
RQ_X  Rr  or  xjy  by  art.  8 ; therefore  the  fum  of  the 
two,  xy  -f-  Xjiy  is  the  Fluxion  of  the  whole  redtangle 
xy  or  ARQ^P. 

The  fame  other^Fife. — Let  the  fides  of  the  redlangle, 

X andy,  by  flowing,  become  y ar'andy  -p  y : then 
the  produdl  of  the  two,  or  xy  P vy  -!-  xy  P yy  wdl 
be  the  new  or  contemporaneous  value  of  the  flowing  rec- 
tangle PR  or  xy  ; fubtradl  the  one  value  from  the  other, 

and 
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afld  the  remainder  -f  will  be  the  incre- 

ment generated  in  the  lame  time  as  A'^or^  ; of  wliich 
the  lall  term  xj  is  nothing,  or  indefinitely  finall  in 
refpedl  of  the  other  two  terms,  becaufe  a andy  are  in- 
definitely fmall  in  refpefil  of  x and  y ; which  term 
being  therefore  omitted,  there  remains  yy  4-  A-y  for  the 
value  of  that  increment  : and  hence,  by  fubftituting 
A-  and y for  a'  and y , to  which,  they  are  proportional, 
there  arifes  xy  -fi  Ay  for  the  value  of  the  Fluxion  of  xy  ; 
the ’fame  as  before. 

uy.  Flence  may  be  derived  the  fluxions  of  all  powers 
.andprodudls,  and  of  all  other  forms  of  algebraic  quantities 
whatever.  And  firft  for  the  continual  produdfs  of  arty 
number  of  quantities,  as  xy%,  or  -ivxyz.,  or  rm.vys:.,  See. 
For  xy'z  put  q or  fo  that p = Ay,  and  xy%  — pz  — q. 
Now,  taking  the  Fluxion  oi  q — pz,  by  the  lall  arti- 
cle, it  is  q ur  p%  -F  pz  ; but  p = Ay,  and^  fo y>  = 
xy  F yy  by  the  fame  article  ; fiibllitiiting  therefore 

thefe  values  of  p and  p inilead  of  them,  hi  the  value  of 

q,  this  becomes  q — xyz  F xyz  F xyz^  the  Fluxion 
of  A ys  required  ; which  is  therefore  equal  to  the  fiim  of 
the  products  arifing  from  the  Fluxion  of  each  letter  or 
quantity  multiplied  by  the  product  of  the  other  two. 

Again,  to  determine  the  Fluxion  of  wxyz,  the  con- 
tinual product  of  four  variable  quantities  ; put  this 
product,  viz,  'tvxyz  or  yen  = r,  where  q :=  xyz  as 
above  ; then,  taking*  the  Fluxion  by'’  the  lall  article^ 

r = qiu  -y-'qnv;  and  this,  by  fubflkuting  for  ^ and  y their 
values  as  above,  becomes 

f — ^Lvxyz  F ^xyz  F 'wxyz  F 'wxyz^  the  Fluxion  of 
^xyz  as  required  ; confifting  of  the  Fluxion  of  each 
quantity  drawn  into  the  prodiidts  of  the  other  three. 

In  the  very  fame  manner  it  is  found  that  tlie 
Fluxion  of  ny'vjxyz  is 

^<iuxyz  F ^^doxyz  F ^'ivxyz  F ziivxyz  F znvxyz;  and  fo 
on,  for  any  number  of  quantities  whatever ; in  which 
it  is  always  found  that  there  as  many  terms  as  there  are 
vsriable  quantities  in  the  propofed  fluent,  and  that  thefe 
terms  confifl  of  the  Fluxion  of  each  variable  quantity 
multiplied  by  the  produdf  of  all  the  reft  of  the  quan- 
tities. 

1 8.  From  hence  is  eafily  derived  the  Fluxion  of  any 
power  of  a variable  quantity*,  as  of  or  or  aF 
dee.  For,  in  the  redtangle  or  prcdudl  Ay,  if  a = y, 
then  is  the  prodiidf  xy  aa  or  a^,  and  alfo  its  Fluxion 
iy  F XV  = XX  F*  or  2AA-,  the  Fluxion  of  a^. 

Again,  if  all  the  three  a,  y,  z"h^  equal  ; then  Js 
the  produdl  of  the  three  xyz  — xxx  or  a^  ; and  its 
Fluxion  Ay 21  -F  xyz  F xyz  = xxx  F xxx  F xxx  or 
3A^'.v,  the  Fluxion  of  a3. 

And  in  the  Fame  manner  it  will  appear  that  the 
Fluxion  of  is  = q ^-3 
that  of  A 5 is  = 5AFr, 

1 r*  M • ^ ^ • 
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where  n is  any  pofitive  whole  number.  That  is,  the 
p'luxion  of  any  pofitive  integral  power,  is  equal  to  the 
exponent  of  the  power  («),  multiplied  by  the  next 

lefs  power  of  the  fame  quantity  (a*  ),  and  by  the 

jfluxion  of  the  root  (a). 


10.  Next,  for  the  Fluxion  of  any  fraction,  as 

y 

ol  one  variable  quantity  divided  by  another ; put  the 


X 


propofed  fradlion  - zn  q ; then  multiplying  by  the  de- 

y 

nominator,  x — qy  ; and,  taking  the  Fluxions, 

: qy  "k  9y»  or  ^ = A — yy  ; and,  by  divifion, 


X 


J 


(by  fubftituting  the  value  of  y,  or  - 

y - y 

xy  — xy 


X 


the  Fluxion  of  — , as  required, 

y y-  y"  , , y . 

That  is,  the  Fluxion  of  any  fradlion,  is  equal  to  the 

Fluxion  of  the  numerator  drawn  into  the  denomina- 
tor, minus  the  Fluxion  of  the  denominator  drawn  into 
the  numerator,  and  the  remainder  divided  by  the  fquare 
of  the  denominator.  ^ 

20.  Hence  too  is  eafily  derived  the  Fluxion  of  any 
negative  integer  power  of  a variable  quantity,  as  of 

, which  is  the  fame  thing.  For  here  the 


X 


n 


or 


numerator  of  the  fraftion  is  i,  whofe  Fluxion  is  nothing; 
and  therefore,  by  the  laft  article,  the  Fluxion  of  fuch  a 
fradlion,  or  negative  power,  is  barely  equal  to  minus  the 
Fluxion  of  the  denominator,  divided  by  the  fqiiare  of 
the  faid  denominator.  That  is,  the  Fluxion  of 


- n I 

, or  — 
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n — I . 
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nx 
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A ; which  is  the  fame  rule  as  before  for 

integral  powers. 

Or,  the  fame  thing  is  otherwife  derived  immediately 
from  the  Fluxion  of  a redlangle  or  produfif,  thus  : put 

the  propofed  frafilion,  or  quotient,  = y y then  i« 

yA"  = I ; and,  taking  the  Fluxions, 

*n,  n-i.  1 n— 

qx  F qnx  a = o ; hence  qx  = — qnx  a, 

and  (dividing  by  a"), 

= (by  fubftituting^  for  or 

A ; the  fame  as  before. 


qnx 

X 
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21.  Much  in  the  fame  manner  is  obtained  the 
Fluxion  of  any  furd,  or  fraftional  power  of  a fluent 

^ n / m 

quantity,  as  of  a*  or  V a . For,  putting  the  pro- 

t m 


A “ = y,  then, 


pofed  quantity 

ralfingeach  to  the  n power,  a*^'  = y"  ,• 

take  the  Fluxions, 

n — I 

divide  by  nq  , 


»2A^  *y  ; 


m 


mx"'  A 

n'A— 

nq 
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: which  is  ftill  the  fame  rule  as  before,  for 


finding  the  Fluxion  of  any  power  of  a fluent  quantity, 
and  which  is  tlierefore  general,  whether  the  exponent 
be  pofitive  or  negative,  or  integral  or  fractional. 

23.  For 
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„ 22.  For  the  Fluxions  of 
I-iOgarithms : Let  A be  the 
principal  vertex  of  an  hyperbo- 
la, having  its  afymptotes  CD, 

CP,  with  the  ordinates  DA, 

BAjPQ^  &c,  parallel  to  them. 

Then,  from  the  nature  of  the 
hyperbola,  and  of  logarithms,  it 
is  known  that  any'fpace  ABPQ  is  the  loo*,  of  the 
ratio  of  CB  to  CP,  to  the  modulus  ABCD.  Now 
^it  i = CB  or  BA  the  fide  of  the  fquare  or  rhombus 
DB  ; 772  the  modulus,  or  area  of  DB,  or  fine  of  the 
angle  C to  the  radius  i ; alfo  the  abfeifs  CP  — .r,  and 
the  ordinate  PQ^rr:  y.  Then,  by  the  nature  of  the 
hyperbola,  CP  X PQ^  js  always  equal  to  DB,  that  is, 

ay  = m ; hence  y = ^ and  tlie  fluxion  of  the  fpace, 

or  yy  IS  VQjp  the  fluxion  of  the  log.  of  w,  to 

the  modulus  777.  And  in  the  ordinary  hyp.  logarithms 

the  modulus  777  being  i,  therefore  - is  the  fluxion  of 

a: 

Uie  hyp.  log.  of  .v ; which  is  therefore  equal  to  the 
Fluxion  of  the  quantity,  divided  by  the  quantity  itfelf. 
And  the  fame  might  be  brouglit  out  in  feveral  other 
ways,  independent  of  the  figure  of  the  hyperbola. 

23.  By  means  of  the  Fluxions  of  logarithms,  are  de- 
termined thofe  of  exponential  quantities,  i.  e.  quan- 
tities which  have  their  exponent  alfo  a flowing  or  va- 
riable quantity.  Thefe  exponentials  are  of  two  kinds, 
viz,  when  the  root  is  a conllant  quantity,  as  ; and 
when  the  root  is  variable,  as 

^ In  the  former  cafe,  put  the  propofed  exponential 
= z,  a Angle  variable  quantity  ; then  take  the 
logarithm  of  each,  fo  fliall  log.  of  z = .v  x log.  of  ; 

take  the  fluxions  of  thefe,  fo  fliall  = a-  x log.  of^; 

hence  i = srV  X log.  of  ^ .v  x log.  of  f>,  the 

fluxion  of  the  propofed  exponential  f’'  ; and  which 
therefore  is  equal  to  the  faid  propofed  quantity,  draivn 
rnto  the  fluxion  of  the  exponent,  and  alfo  into  the  log. 
of  the  root.  ^ 

24.  Alfo  in  the  2d  cafe,  put  the  exponential z ; 
then  the  logarithms  give  log.  2;  — w x log.y,  and  the 

y 
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fluxions  give  — = jc  x log.  y x X 


hence  » = 


»v 


X log. 


y -f 


y 

X - I 


= (by  fubflituting  for  z) 


y'^x  X log.  y + xy^  y,  is  the  fluxion  of  the  propofed 
exponential  y’' ; which  therefore  confifts  of  two  terms, 
of  which  the  one  is  the  fluxion  of  the  propofed  quan- 
tity confidering  tlm  exponent  only  as  conllant,  and 
^e  other  is  the  fluxion  of  the  fame  quantity  confider- 
iiig  the  root  as  conllant. 

Of  Second,  Third,  life  Fluxions. — Having  explain- 
ed the  manner  of  confidering  and  determining  the  firft 
fluxions  of  flowing  or  variable  quantities  ; it  remains 
now  to  confider  thofe  of  the  higher  orders,  as  2d,  3d, 
4th,  (I'c,  fluxions.  • 

25”.^  If  the  rate  or  celerity  with  wLich  any  flowing 
quantity  changes  its  magnitude,  be  conllant,  or  the 

^(ime,  at  every  pofition  j then  is  the  fluxion  of  it  alfo 
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conflantly  the  fame.  ^ But  if  the  variation  of  magnitude 
be  continually  changing,  either  increaling  or  decreafmer; 
then  will  there  be  a certain  degree  of  fluxion  pecuharto 
every  point  or  pofition  ; and  the  rate  of  .variation  or 
change  m the  fluxion,  is  called  the  Fluxion  of  the 
rluxion,  or  the  fecond Fluxion  of  the  given  fluent  quan- 
tity.  In  like  manner,  the  variation  or  fluxion  of  this 

called  the  third  Fluxion  of  the  firlt  pro- 
poled  fluent  quantity  and  fo  on. 

And  thefe  orders  of  fluxions  are  denoted  by  tlie 
Huent  letter  or  quantity,  with  the  correfponding  num- 
berof  points  over  it  ; viz,  2 points  for  the  2d  fluxion, 
3 lor  the  3d  fluxidn,  4 for  the  4th  fluxion,  and  fo  on. 
bo  the  difterent  orders  of  the  fluxions  of  w,  arc 

A V,  W,  &c;  where  each  is  the  fluxion  of  the  one 
next  before  it. 

26.  This  defeription  of  the  higher  orders  of  fluxions 
may  be  ill  nitrated  by  the  three  figures  at  the  8th  ar- 
ticle ; wliere,  if  w denote  the  abfeifs  AP,  and  y the 
ordinate  PQj  and  if  the  ordinate  P(^or  v flow  along 
the  abfeifs  A1  or  w,  with  an  uniform  motion  ; tlien 
the  fluxion  of  .v,  viz  .v  = Vp  or  Qr  is  a conllant  quan- 

%^"es.  Alfo,  in  fig.  I,  in 
whicli  AQjs  a right  lme,y  is  zz  rq,  or  the  fluxion  of 
IS  a conlcant  quantity,  or  >'  = o ; for,  the  angle 
— tnc  angle  A,  being  conllant,  Qr  is  to  rq,  or  /to 
jp  in  a conllant  ratio.  But  in  tlie  2d  figure,  rq,  or  the 
fluxion  of  PQ^,  continually  increafes  more  and  more  ; 
and  m fig.  3 it  continually  decreafes  more  and  more  * 
and  therefore  1*11  both  thefe  cafes y has  a 2d  fluxion* 
being  pohtive  in  fig.  2,  but  negative  in  fig.  3 : and  fo  011 
lor  the  other  orders  of  fluxions. 

27.  Thus,  if  for  Inllance,  the  nature  of  the  curve 
be  fuch,  that  x^  is  everywhere  equal  to  ay  ; then,  taking 
the  fluxions,  it  is  afy  = ^x^x ; and,  confidering  w al- 
ways as  a conllant  quantity,  and  taking  always  the 
fluxions,  the  equations  of  the  feveral  orders  of  fluxions 
will  be  as  below  ; viz, 

the  ill  fluxions  edj  = ^x'^x, 
the  2d  fluxions  af  = 6xx^, 
the  3d  fluxions  a'^y  = 6v^, 
the  4th  fluxions  = o, 
and  all  tlie  higher  fluxions  ~ o or  nothing. 

Alfo  the  higher  orders  of  fluxions  are  found  In  the 
fame  manner  as  the  lower  ones.  Thus, 

The  ill  flux,  of y3  is  . Sylf  r 

its  2d  flux,  or  flux,  of  33’*j’,  con- ') 

lidered  a,s  the  redangle  of  3y^  f q^y'^y  4.  f,yy^  . 
andj',  Is  - - J 

and  the  flux,  of  this  again,  or  the  7 

3d  fluxion  ofy3,  is  - J 3d'  3'  "F 

28.  In  the  foregoing  articles,  it  has  been  fuppofed 
that  the  fluents  increafe  ; or  that  their  fluxions  are  po- 
litive  ; but  it  often  happens  that  fome  fluents  decreafe 
and  that  therefore  their  fluxions  are  negative  ; and 
whenever  this  is  the  cafe,  the  fign  of  the  fluxion  mult 
be  changed,  or  made  contrary  to  "that  of  the  fluent.  So, 
of  the  redangle  .vy,  when  both  .v  and y increafe  togetlier^ 
the  fluxion  is  Ay  + xy  : but  if  one  of  them,  as'y,  de- 
creafe,  while  the  other,  .y,  increafes  ; then  the  Iluxiois 
of  y being  — y,  the  fluxion  of  .ry  will  in  that  cafe  be 
xy  — xy.  This  may  be  iilullrated  by  the  annexed  rec- 
3 tangle 
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tangle  APQR  ==  fnppofed  to 
be  generated  by  the  motion  of 
the  line  PQ^from  A towards  C, 
and  by  the  motion  of  the  line 
RQ^  from  B towards  A : For, 
by  the  motion  of  PQ^,  from  A 
towards  C,  the  reftangle  is  in- 
creafed,  and  its  fluxion  is  + ; 

but  by  the  motion  of  RQj  from 

B towards  A.,  the  redtangle  is  decreafed,  and  the  fluxion 
of  the  decreafe  is  xy  ; therefore,  taking  the  fluxion  of 
the  decreafe  from  that  of  the  increafe,  the  fluxion  of  the 
reftangle  ay,  when  a'  increafes  andy  decreafes,  is  xy  — xy. 

For  the  Inverfe  Method,  or  the  finding  of  fluents, 
fee  Fluent.  And  for  the  feveral  applications  of  this 
fcienceto  Maxima  and  Minima,  the  drawing  of  Tan- 
gents, &c,  fee  the^refpedlive  articles. 

An  idea  of  the  principles  of  Fluxions  being  now  de- 
livered, as  above,  we  may  next  confider  fomewhat  of  the 
chief  writings  and  improvements  that  have  been  made 
by  divers  authcis,  fince  the  firft  difeovery  of  them  : in- 
deed fome  of  the  cliief  improvements  may  be  learned 
by  confulting  the  preface  to  Dr.  Waring’s  Medita- 
tlones  Analytics. 

The  inventor  himfelf  broua-ht  the  dodtrine  of  Flux- 
10ns  to  a confiderable  degree  of  perfedfion  ; as  may  be 
ieen  by  many  fpecimens  of  this  fcience,  given  by  him  ; 
particularly  in  his  Principia,  in  his  Tradf  on  Quadra- 
tures, and  in  his  Treatife  on  Fluxions,  publiflicd  by  Mr. 
Cqlfon  ; from  all  which  it  will  appear,  that  he  not  only 
laid  down  the  whole  theory  of  this  method,  both  direA 
and  inverfe  ; but  alfo  applied  it  in  pradtice,  to  the  fo- 
liition  of  many  of  the  moil  ufeful  and  important  pro- 
blems in  mathem.atics  and  philofophy. 

Various  improvements  however  have  been  made  by 
many  iliuftrioiis  authors  on  this  fcience  ; particularly 
by  John  Bernoulli,  who  treated  of  the  fluents  belong- 
ing to  the  fluxions  of  exponential  exprelfions ; James 
Bernoulli,  Craig,  Cheyne,  Cotes,  Manfredi,  Riccati, 
Taylor,  Fagnanus,  Clairaiit,  D’Alembert,  Euler,  Con- 
dorcet,  Walmefley,  Le  Grange,  Emerfon,  Simpfon, 
Eanden,  Waring,  &c.  There  are  feveixd  other  trea- 
tife s alfo  on  the  principles  of  Fluxions,  by  Hayes, 
Newyentyt,  L’EIopital,  Hodfon,  Rovre,  &c,  &c,  de- 
livering the  elements  of  this  fcience  in  an  eafy  and  fa- 
miliar way. 


FLid,  in  Mechnmes,  a heavy  weight  applied  to  cer- 
tain machines,  to  regulate  their  motions,  as  in  a jack, 
or  to  increafe  their  effedl,  as  in  the  coining  engine,  &c; 
^y  means  of  which  the  force  of  the  power  is  not  only 
preferved,  but  equally  diflributed  in  all  the  parts  of  the 
yevolution. 

The  Fly  is  either  like  a cFofs,  with  heavy  weights 
at  the  ends  of  its  arms  ; or  hke  a heavy  wheel  at  rigiit- 
angles  to  the  axis  of  motion.  It  may  be  applied  to 
various  forts  of  engines,  whether  moved  by  iTien,  horfes, 
wind,  or  water  ; and  is  of  great  ufe  in  thofe  parts  of  an 
engine  having  a quick  circular  motion,  and  where  the 
power  or  refiflance  adds  unequally  in  the  difl'erent 
parts  of  a revolution.  In  this  calc  the  Fly  becomes  a 
moderator,  making  the  motion  of  revolution  almoil; 
everywhere  equal. 

¥ LYERb,  in  Architedlure,  fuch  llairs  as  go  ftraight, 
and  do  not  wmd  round,  nor  have  the  iteps  made  tapeia 


ing,  but  equally  broad  at  both  ends.  'Hence,  if  one 
flight  do  not  rife  to  the  top  of  the  Idory  &c,  there  is  a 
broad  half  pace,  and  then  commonly  another  fet  of  flyers. 

FLYING,  the  progreflive  motion  of  a bird,  or  other 
winged  animal,  through  the  air. 

The  parts  of  birds  chiefly  concerned  in  Flying,  are 
the  wings  and  tail ; by  the  former,  the  bird  fuftains 
and  wafts  himfelf  along  ; and  by  the  latter  he  is  aflifled 
in  afeending  and  defeending,  to  keep  his  body  poifed 
and  upright,  and  fteady.  The  wings  are  extended  or 
ftretched  quite  out,  and  then  ftruck  forcibly  down- 
wards againfl:  the  air,  which  by  its  refiflance  raifes  the 
bird  upwards  ; then  to  make  another  ftroke,  the  wing, 
by  means  of  its  joints,  readily  clofes  in  fome  degree, 
prefenting  the  fharp  edge  of  the  pinion  foremofl  to  cut 
the  air,  and  drawing  the  collapfed  feathers  after  it  like 
a flag,  to  diminifh  the  refiflance  to  the  afeent  as  much 
as  poflible  ; the  wing  and  feathers  are  then  ftretched 
out  horizontally  again,  and  another  downward  ftroke 
made,  which  raifes  the  bird  ftill  higher  ; and  fo  on  as 
far  as  he  pleafes,  or  as  the  denlity  of  the  air  will  fuf- 
tain  him  ; performing  thofe  motions  of  the  wings  very 
rapidly,  that  the  flight  may  be  the  quicker. 

Artijic'ial  Flying,  is  that  attempted  by  men,  &c,  by 
the  afiiftance  of  mechanics. 

The  art  of  flying  has  been  attempted  by  feveral  per-' 
fons  in  all  ages.  'Friar  Bacon,  about  500  years  ago, 
not  only  aflerts  the  pofiibility  of  flying,  but  affirms  that 
he  himfelf  knew  how  to  make  a machine  with  which 
a m.an  might  be  able  to  convey  himfelf  through  the 
air  like  a bird  ; and  further  adds,  that  it  had  been 
tried  wnth  fuccefs.  Though  the  faT  is  to  be  doubted, 
if,  as  it  was  faid,  it  conlifted  in  the  following  method  ; 
viz,  in  a couple  of  large  thin  hollow  copper  globes,  ex- 
haufted  of  air  ; which  being  much  lighter  than  air, 
would  fuftain  a chair  on  which  a peiion  might  fit.  Fa- 
ther Francifeo  Lana,  in  his  Prodromo,  propofes  the 
fame  thing,  as  his  own  thought.  He  computes,  that 
a round  veftel  of  plate-brafs,  14  feet  in  diameter,  weigh- 
ing 3 ounces  the  fquare  foot,  will  only  weigh  1848 
ounces  ; whereas  a quantity  of  air  of  the  fame  bulk 
will  weigh  near  2156  ounces;  fo  that  the  globe  will 
not  only  be  fuftaiiied  in  the  air,  hut  will  carry  with  it 
a weight  of  304  ounces  ; and  by  increafing  the  fize  of 
the  globe,  the  thicknefs  of  the  metal  remaining  the 
fame,  he  adds,  a veffel  might  be  made  to  carry  a much 
greater  weight.  But  the  fallacy  is  obvious  : a globe  of 
the  dimen fions  he  deferibes,  as  Dr.  Hook  obferves, 
would  not  fuftain  the  preiTure  of  the  air,  but  be  cruflred 
inwards.  Indeed  it  is  not  probable  that  fuch  a globe 
can  be  made  of  a thinnefs  fufficient  to  float  in  the  at- 
mofphere  after  it  is  exhaufted  of  air,  and  yet  be  ftrong 
enough  to  fuftain  the  comprefling  force  of  the  atmo- 
fphere.  But  for  this  purpofe  it  feems  that  the  globe 
fliould  be  filled  with  an  air  as  elaftic  or  ftrong  as  the  at- 
mofphere,  and  yet  be  very  much  lighter  ; Inch  as  has 
lately  been  ufed  in  the  Mongolfiers  and  Balloons  ; the 
former  of  which  is  filled  with  common  air  heated,  fo  as 
to  be  more  elaflic,  and  lefs  heavy  ; and  the  latter  with 
inflammable  air,  which  is  as  elaftic  as  the  common  air, 
with  only  about  one  tenth  of  its  weight.  And  ‘thus 
the  idea  of  flying,  or  rather  floating,  in  the  air,  has 
been  lately  realized  by  the  moderns,  ufing  however  a 
different  fort  of  air.  See  Aerostation. 

The 
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The  fame  author  deicnbes  a machine  for  Flying,  in- 
vented by  the  Sieiir  Befnier,  a fmith  of  Sable,  in  the 
county  of  Main.  See  Philof.  Collec.  numb.  i. 

By  the  foregoing  method  however,  at  beft,  only  a 
method  of  floating  can  be  obtained,  like  a log  floating 
in  a current  ; but  not  of  Flying,  which  coiififts  in  mov- 
ing through  the  air,  independent  of  any  current ; and 
which  muft  be  effedled  by  fomething  in  the  nature  of 
wings.  Attempts  of  this  latter  kind  alfo  have  indeed 
been  made  by  feveral  perfons  of  late  years  ; but  it  does 
not  appear  that  any  of  them  have  been  attended  with 
fuch  fuccefs  as  to  induce  the  authors  of  tliofe  attempts 
to  make  them  public.  The  philofophers  of  king  Charles 
•the  fecond’s  reign  w'ere  much  bufied  about  this  art ; 
and  the  celebrated  bifliop  Wilkins  was  fo  confident  of 
fuccefs  in  it,  that  he  fays,  he  does  not  queflion  but  ia 
future  ages  it  will  be  as  ufual  to  hear  a man  call  for 
his  wings,  wTen  he  is  going  a journey,  as  it  is  now  to  , 
■call  for  his  boots. 

. The  ftory  of  the  flight  of  DsedaUis  is  w'ellknow'ii. 

Flying  Pinion^  is  part  of  a clock  having  a fly  or 
fan  with  wTich  to  gather  the  air,  and  fo  bridle  the  ra- 
pidity of  the  clock’s  motion,  when  the  weight  defcends 
in  the  ftriking  part. 

. FOCAL  Dijiance,  the  Diftance  of  the  Focus,  which  is 
fometlmes  underftood  as  its  diftance  from  the  vertex,  as 
in  the  parabola  ; and  fometimes  its  diftance  from  the 
centre,  as  in  the  ellipfe  or  'hyperbola. 

FOCUS,  in  Geometry  and  the  Conic  Sefflons,  is 
applied  to  certain  points  in  the  Ellipfe,  Hyperbola,  and 
Parabola,  where  the  rays  refletfted  from  all  parts  of 
thefe  curves  do  concur  or  meet ; that  is,  rays  ifliiing 
from  a luminous  point  in  the  one  focus,  and  falling  on 
all  points  of  the  curves,  are  reflefted  into  the  other  Fo- 
cus, or  into  the  line  directed  to  the  other  Focus,  viz, 
into  the  other  Focus  in  the  ellipfe  and  parabola,  and 
diredlly  from  it  in  the  hyperbola.  Which  is  the  realon 
of  the  name  Focus,  or  Burning-point.  Hence,  as  the 
one  Focus  of  the  parabola  is  at  an  infinite  diftance  ; 
and  confequently  all  rays  drawn  from  it,  to  any  finite 
part  of  the  curve  about  the  vertex,  are  parallel  to  one 
another  ; therefore  if  rays  from  tlie  fun,  or  any  otlier 
ebjeft  fo  diftant  as  that  thofe  rays  may  be  accounted 
parallel,  fall  upon  the  curve  of  a parabola  or  concave 
furfacc  of  a paraboloidal  figure,  thofe  rays  wall  all  be 
reflefted  into  its  Focus. 

Thus,  the  rays  ly,  from  the  Focus yfi  are  reflefied  in 
the  direction  PF,  into  the  other  Focus  F,  in  the  ellipfe 
and  parabola,  and  form  the  Focus  F,  into  FQ^  in  the 
hyperbola. 

In  all  the  three  curves,  the  double  ordinate  CD 
drawn  through  tlie  Focus  F,  is  the  parameter  of  the 
axis,  or  a 3d  proportional  to  AB  and  ah,  the  tranfverfe 
and  conjugate  axes. 

In  the  ellipfe  and  parabola,  the  tranfverfe  axis  is 
equal  to  the  fum  of  the  two  lines  PF  + ly,  drawn 
from  the  Foci  to  any  point  P in  the  curve  ; but  in  the 
hyperbola,  the  tranfverfe  is  equal  to  the  difference  of 
thofe  two  lines.  That  is, 

AB  = PF  -f  ly  in  the  ellipfe  and  parabola,^ 

AB  = PF  — ly  in  the  hyperbola. 

In  the  ellipfe  and  parabola,  the  fquare  of  the  dif- 
tance between  the  Foci,  is  equal  to  the  difference  of 

fie  fquares  of  the  two  axes  ; and  in  the  hyperbola,  it 
equal  to  the  fum  of  their  fquares : that  is 


F/2  = AB^  — in  the  ellipfe  and  parabola, 
ly^  = AB“  ft-  a}P  in  the  hyperbola. 

Therefore  the  two  femi-axes,  wu’th  the  diftance  of 
the  Focus  from  the  centre,  form  always  a right-angled 
triangle  F^E,  or  A^E. 


In  all  the  curves,  the  conjugate  femi-axis  Is  a mean 
proportional  between  the  diftances  of  either  Focus  from 
either  end  of  the  tranfverfe  axis  : that  is, 

AF  :Ea  ::  Ea  : FB, 
or  Ea^  =r  AF  . FB  . 

If  there  be  any  tangent  to  thefe  curves,  and  two 
lines  drawn  from  the  Foci  to  the  point  of  contact  ; 
thefe  two  lines  will  make  equal  angles  with  that  tan- 
gent. 

So,  If  GPG  touch  the  curve  at  P ; 
then  is  the  angle  FPG  = Z.  /EG. 

If  a line  be  drawn  from  either  Focus,  perpendicidar- 
ly  upon  a tangent  ; the  diftance  of  tlieir  interfedlion 
from  the  centre  will  be  .equal  to  the  fe ml -tranfverfe 
axis.  So,  if  FH  or  f H be  perpendicular  to  the  tan- 
gent PH  ; then  is  FH  =:  FA  or  FB.  Confequentlv, 
the  circle  defcrlbed  on  the  diameter  AB,  will  pafs 
through  all  the  points  H. 

The  foregoing  are  the  chief  properties  that  are 
common  to  the  Foci  of  all  the  three  conic  fedfions. 
To  which  may  be  added  the  following  properties 
which  are  peculiar  to  the  parabola  : viz, 

In  the  parabola,  the  diftance  from  the  Focus  to  the 
vertex,  is  equal  to  ~ of  the  parameter,  or  half  the  ordi- 
nate at  the  Focus : viz,  AF  = ^ FC. 

Alfo,  a line  drawn  from  the  Focus  to  any  point  in 
the  curve,  is  equal  to  the  fum  of  the  Focal  diftance 
from  the  vertex  and  the  abfeifs  of  the  ordinate  to  that 
point : i.  e.  FP  = AF  • AT. 

If  from  any  point  of  a parabola  there  be  drawn  a 
tangent,  and  a perpendicular  to  it  PK,  both  to  meet  the 
axis  produced  ; then  the  focus  will  be  equally  diftant 
from  the  two  interfeclions  and  the  point  of  contadf  ; 
{.  e.  FG  = FP  = FK, 
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Hence  alfo  tlie  fubitormal  IK  is  =2  2AK  or  FC 
tlie  femi-parameter. 

The  line  drawn  from  the  Focus  to  any  point  of 
the  curve,,  is  equal  to  the  parameter  of  the  diameter 
to  that  point ; i.  e.  FP  = ^ the  parameter  of  the  dia- 
meter Pyi 

If  an  ordinate  to  any  diameter  pafs  through  the 
Focus,  it  will  be  equal  to  half  its  parameter  ; and  its 
abicifs  equal  to  of  the  fame  parameter  ; or  the  ablcifs 
equal  to  half  the  ordinate  ; i.  e.  PL  ^MN  = 4:LM 
©r  ILN. 

Focus,  in  Optics,  is  a point  in  which  feveral  rays 
meet,  and  are  collefted,  after  being  either  refle(fted  or 
refradtted.  , It  is  fo  called,  becaufe  the  rays  being  here 
brought  together  and  united,  their  force  and  effedl  are 
increafed,  infomuch  as  to  be  able  to.  burn ; and  there- 
fore it  is  that  bodies  are  placed  in  this  point  to  be 
burnt,  or  to  fhew  the  effedt  of  burning  glaffes,  or  mir- 
rors.— It  is  to  be  obferved  however,  that  in  pradl ice, 
the  Focus  is  not  an  abfohite  point,  but  a fpace  of  fome 
fmall ^breadth,  over  which  the  rays  are  fcattered ; ow- 
ing to  the  different  nature  and  refrangibility  of  the 
rays  of  light,  and  to  the  imperfedlions  in  the  figure  of  the 
lens,  See.  However,  the  fmaller,  this  fpace  is,  tlie  better, 
or  the  nearer  to  perfection  the  machine  approaches. 
Huv2:ens  fnews  that  the  Focus  of  a lens  convex  011  both 
lides,,  has  its  breadth  equal  to  | of  the  thicknefs  of  the 
lens. 

Virtual  Focus,  or  Voint  of  Divergence,  fo  called  by 
.^Ir.  Molyneux,  is  the  point  from  whence  rays  tend,, 
after  refraction  or  reflection  ; being  in  this  refpedf  op- 
pofed  to  the  ordinary  Focus,  or  Point  of  ConGurreiice, 
where  rays  are  made  to  meet  after  refradllon  or  reflec- 
tion. Thus,  the  Foci  of  an  hyperbola  are  mutuairy 
Virtual  Foci  to  each  other  ; but,  in  an  ellipfe,  they 
are  common  Foci  to  each  other:  for  the  rays  are  re- 
flected from  the  other  F'oeus  in  the  hyperbola,  but  to- 
avards  it  in  the  ellipfe  ; as  appears  by  the  figures  at  the 
beginning  of  this  , article.- 


And,  in  Dioptrics,  let  ABC  he  the  concavity  of  a 
glais,  whofe  centre  is  D,  and  axis  DE  : Let  FG  be  a 
ray  of  light  failing  on  the  glafs,  parallel  to  the  axis  DE  ; 
tliis  ray  FG,  after  it  has  paffed' through  the  glafs,  at 
its  emerfion  at  G will  not  proceed  direftly  to  H,  but 
be  refradted  from  the  perpendicular  DG,  and  will  be- 
come the  ray  GK,  which  being  produced  to  meet  the 
axis  in  E,  this  point  E is  the  Virtual  Focus,,  as  the 
ray.  is  refra6led  davtddj  from  this  point,. 

Rules  for  the  Foci  of  Lenfs  and  Mlrrorsy 

I.  In  Cat  opt  lies,  or  Denfes, 

I.  The  Focus  of  a convex  glafs,  i.  e.  the  point 
parallel  rays  tranfmitted  through  a conYe.x  glafs, 


whofe  furface  is  the  fegment  of  a fphere,  do  unite, 
dillant  from  the  pole  or  vertex  of  the  glafs,  almoil  a 
diameter  and  half  of  the  convexity. — 2..  In  a Plano^ 
Convex  glafs,  the  Focus  of  parallel. rays  is  diftant  from' 
the  pole  of  the  glafs  a diameter  of  the  convexity,  if 
the  fegment  do  not  exceed  30  degrees.  Or  the  rule 
in  Plano-Convex  glaffes  is,  As  107  : 193  : : fo  is  the  ra* 
dius  of  convexity  to  the  refradfed  ray  taken  to  its 
eoncourfe  witlr  the  axis  ;.  which  in  glaffes.  of.  larger 
fpheres  is  almoft  equal  to  the  diftance  of  the  Focus 
taken  in  the  axis. — ^3.  In  Double-Convex  glafles  of  tlie. 
fame  fphere,  the  Focus  is  diftant  from  the  pole  of  the 
glafs  about  the  radius  of  the  convexity,  if  the  fegment 
be  but  30  degrees*  But  when,  the  two  convexities  are 
unequal,  or  fegments  of  different  fpheres,  then  the  rule 
is.  As  the  fum  of  the  radii  of  both  convexities:  to  the 
radius  of  either  convexity  alone  : :fo  is  double  the  radius 
of  the  other  convexity:  to  the. diftance  of  the  Focusi 
— Here  obferve,  that  the  rays  which  fall  nearer  the 
axis  of  any  glafs,  are  not  united  with  it,  fo  near  the 
pole  of  the  glafs  as  thofe  farther  off : nor  wall  the 
Focal'  diftance  be  fo  great  tin  a plano-convex  glafs, 
when  the  c.on vex  fide  is  tow’^ards  the  object?  when 
the  plane  fide  is  towards  it..  And  hence  it  is  truly 
concluded,  that,  in  viewing  any  objeft  by  a plano-con- 
vex glafs,  the  convex  fide  fhould  always  be  turned  out* 
ward  ; as  alfo  in  burning  by  fucli  a glafs. 

ri.  For  the  Virtual  Focus,  obferve 

I.  That  in  Concave  glaffes,  -^Len  a ray  falls  froiTS 
air  parallel  to  the  axis,  the  Virtual  Focus,  by  its  firft' 
refraction,  becomes  at  the  diftance  of  a diameter,  and  a 
half  of  the  concavity. — 2.  Fn  Plano-Concave  glafles, 
when  the  rays  fall  parallel  to  the  axis,  the  Virtual 
Focus  is  diftant  from  the  glafs,  the  diameter  of  the 
concavity. — 3.  In  Plano-Concave  glaffes,  as  107  : 193  : : 
fo  is  the  radius  of  the  concavity  : to  the  diftance  of  the 
Virtual  Focus.*: — 4.  In  Double  Concaves  of  the  fame 
fphere,  th.e  Virtual  Focus  of  parallel  rays  is  at  the  dif- 
tance of  the  radius  of  the  concavity.  But,  whether-' 
the  concavities  be  equal  or  unequal,  the  Virtual  Focus,, 
or  point  of  divergency  of  the  parallel  rays,  is  deter- 
mined by  this  rule ; As  the  funf  of  the  radii  of  both> 
concavities  : is  to  the  radius  of  either  concavity  : : fo’ 
is  double  the  radius  of  the  other  concavity  : to  the' 
diftance  of  the  Virtual  Focus. — 5,.  In  Concave  glaffes, 
expofed  to  converging  rays,  if  the  point  to  which  the* 
incident  ray  converges,  be  fartlier  diftant  from  the  glafs. 
than  the.  Virtual  Focus  of  parallel  rays,  the  rule  for 
finding  the  Virtual  Focus  of  this  ray,  is  this;  As  the- 
difference  between  the  diftance  of  this  point  from  the  • 
glafs,  and  the  diftance  of  the  Virtual  Focus  from  the 
glafs  : is  to  the  diftance  of  the  Virtual  Focus  : : fo  is> 
the  diftance  of  this,  point  of  convergence  from  the  glafs  : 
to  the  diftance  of  the  Virtual  Focus  of  this  converg- 
ing ray.— 6.  In  Concave  glafles.,  if  the  point  to  wdiicli 
the  incident  ray  converges,  be  nearer  to  the  glafs  than 
the  Virtual  Focus  of  parallel  rays,  the  rule  to  findi 
where  it  croffes  the  axis,  is  this ; As.  the  excefs  of  the 
Virtual  Focus,  more  than  this  point  of  convergency 
is  to  the  Virtual  Focus  : : fo  is  the  diftance  of  this, 
point  of  convergency  from  the  glafs  : to  the  diftance 
of  tke  point  where  this  ray  croffes  the  axis. 
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III.  Pradica!  Rules  for  Jind'ing  the  FoCi  of  Glajfes. 

I.  To  find,  by  experiment,  the  Focus  of  a convex 
fpherical  glafs,  being-  of  a fmall  fphere  ; apply  it  to 
the  end  of  a fcale  of  inches  and  decimal  parts,  and  ex- 
pofe  it  before  tlie  fun  ; upon  the  fcale  may  be  feen  the 
bright  interfefflon  of  the  rays-  meafured  out : or,  ex- 
pofe  it  in  the  hole  of  a dark  chamber  ; and  here  a 
white  paper  receives  the  ' dlilinff  reprefentation-  of 
diifant  objedls,  there  is  the  Focus  of  the  glafs. — 2.  For 
a glafs  of  a pretty  long  Focus,  obferve  feme  diftant  ob- 
jeft  through  it,  and  recede  from  the  glafs  till  the  eye 
perceives  all  in  confufion,  or  the  ob[e6l  begins  to  ap- 
pear Inverted  ; then  the  eye  is  In  the  Focus.-t— 3.  For 
a Plano-Convex  glafs  : make  it  refle6l  the  fun  againft 
the  wall ; on  the  wall  will  then  be  feen  two  forts  of 
Ught,  a brighter  within  another  more  obfeure  ; with- 
draw the  glafs  from  the  wall,  till  the  bright  Image  be 
in  its  leak  dimenfions  ; then  Is  the  glafs  dlllant  from 
the  wall  about  a fourth  part  of  its  Focal  length. — 4. 
For  a Double  Convex  : expofe  each  fide  to  the  fun  in 
like  manner ; and  obferve  both  the  diilancts  of  the 
glafs  from  the  wall  : then  Is  the  firil  dillance  about 
balf  the  radius  of  the  convexity  turned  from  the  fun  ; 
and  the  fecond  Is  about  half  the  radius  of  the  other 
convexity.  The  radii  of  the  two  convexities  being 
thus  known,  the  Focus  is  then  found  by  this  rule  ; 
As  the  fum  of  the  radii  of  both  convexities  : is  to  the 
radius  of  either  convexity  : i fo  is  double  the  radius  of 
the  other  convexity  : to  the  diilance  of  the  Focus. 

IV.  To  fuel  the  Foci  of  all  Glajfes  Geomefrkallw 

Dr.  Flalley  has  given  a general  method  for  finding 
the  Foci  of  fpherical  glaffes  of  iill  kinds,  both  concave 
and  convex;  expofed  to  any  kind  of  rays,  either  parallel, 
converging,  or  diverging  ; as  follows  : To  find  the 
Focus  of  any  parcel  of  rays  diverging  from,  or  con- 
verging to,  a given  point  In  the  axis  of  a fplierical  lens, 
and  making  the  fame  angle  with  It the  ratio  of  the 
£iies  of  refradlion  being  given,. 


•Suppofe  GL  a lens  ; P a point  in  its  furfacc  ; V its 
pole;  C the  centre  of  the  fpherical  fegment  ; O the 
©bjeef,  or  point  in  the  axis,  to  or  from  wdiich  the  rays 
proceed  ; and  OP  a given  ray  : and  luppofe  the  ratio 
of  refradion  to  be  as  r to  s.  Then  making  CR  to 
CO,  as  j-  to  r for  the  immerfion  of  a ray,  or  as  r to  s 
for  the  emerfion  (i.  e.  as  tlie  fines  of  fhe  angles  in  the 
medium  which  the  ray  enters,  to  the  corresponding 
fines  in  the  m.edium  out  of  which  it  comes)  ; and  lay- 
ing CR  from  C towards  O,  the  point  R will  be  the 
fame  for  all  the  rays  of  the  point  O.  Daftly,  drawing 
the  radius  PC,  continued  if  neceffary  ; with  the  centre 
and  diftance  OP,  deferibe  an  aic  interfcdling  PC  in 


Q.  The  line  QR,  being  drawn,  lhall  be  parallel  tty 
the  reflecled  ray;  and  PF,  being  made  parallel  to  it,, 
ftiall  interfecl  the  axis  in  the  point  F,  the  Focus  fought^- 
■ — Or,  make  as  C(f : CP  : : CR  : CF,  which  will  be 
the  diftance  of  the  F'oeus  from  the  centre  of  the  fphere* 

■ — And  from  this  general  conftrudtion,  he  adverts  to  a 
number  of  particular  fimple  cafes. 

Dr.  Flalley  gave  alfo  an  univerfal  algebraical  theorem 
to  find  the  Focus  of  all  forts  of  optic  glaftes,.  or  lenfes. 
See  the  Philof.  Tranf.  205,  or  Abr,  vol.  i,  pa.  191* 

V.  In  Catoptrics^  or  Foci  by.  RefeElioth,- 

Thefe  are  eafily  found  for  any  known  curve,  from- 
this  principle,  that  the  angle  of  reflection  is  always 
equal  to  the  angle  of  incidence. 

The  fame  are  alfo  eafily  found  by  experiment,  being 
expofed  to  any  obfeCt. 

The  increafe  of  heat  from  collecting  the  fun’s  rays 
into  a Focus,  has  been  found  in  many  cafes  of  burning 
glaftes,  to  be  aftonifhingly  great the  effefl  being  in- 
creafed  as  the  fquare  of  the  diameter  of  the  glafs  ex- 
ceeds that  of  the  Focus.  If,  for  inilance,  there  be  a 
burning  glafs  of  1 2 inches  diameter  ; this  will  colledb 
or  crowd  together  all  the  rays  of  the  fun  which  fall 
upon  the  glafs  into- the  compafs  of  about  ^ of 
inch  ; tlien,  the  areas  of  the  two  fpaces  being  as  the 
fquare  of  12  to  the  fquare  of  |,  or  as  the  fquare  of 
96  to  the  fquare  of  i,  that  Is,  as  9216  to  i ; it  follows, 
that  the  heat  in  the  Focus  will  be  9216  times  greater 
than  the  fun’s  common'  heat.  And  this  will  have  an, 
eft’eCt  as  great  as  the  direCf  rays  of  the  fun  would  have 
on.  a body  placed  at  the  96th  part  of  the  earth’s  dif- 
tance from  the  fun  ; or  the  fame  as  on  a planet  that 
Ihould  move  round  the  fim  at  but  a very  little  more 
than  a diameter  of  the  fun’s  diftance  from  him,  or  that 
would  never  appear  farther  from  him  than  about  36 
minutes.. 

Befides  Dr.  Flalley  in  his  method  for  finding  the 
Foci,  feveral  otlier  authors  have  written  upon  this  fub- 
jeCt  ; as  Mr.  Ditton,  in  his  Fluxions  ; Dr.  Gregory,  in 
his  Elements  of  Dioptrics  ; M.  Carre,  and  GuifnT',  In 
the  Memoires  de  I’Acad. : Dr.  Barrow  and  Sir  I.  New- 
ton have  alfo  neat  and  elegant  ways  of  finding  geometri- 
cally the  Foci  of  fpherical  glaftes  ; which  may  be  ieeu 
in  I^arrow’s  Optical  DeClureSi- 

FOLIATE,  a name  given  by  fome  to  a curve  of  the 
2d  order,  exprefted  by  the  equation  x'^  + = axv^ 

being  one  fpecies  of  defeClive  hyperbolas,  with  one 
afymptote,  and  confifting  of  two  infinite  legs  crofting, 
eacli  other,  forming  a fort  of  leaf.  It  is  the  42d  fpecies 
of  Newton’s  l..Ines  of  the  3d  Order. 

FOLKE8  (Martin),  an  Engllfir  mathem.atician,, 
phllofopher,  and  antiquary,  was  born  at  Weilminfter 
about  1690;  and  was  greatly  diftinguifhed  as  a mem.- 
ber  of  the  Royal  Society  in  London,  and  of  the  Aca-- 
demy  of  Sciences  at  Paris,.  He  was  admitted  into  the 
former  at  24  years  of  age  ; made  one  of  their  council 
two  years  after  ; named  vice-prefident  by  Sir  liaac' 
Newton  himfelf ; and,  after  Sir  Hans  Sloane,  became 
prefident.  Coins,  ancient  and  modern,  were  a great 
objeft  with  him  ; and  his  laft  production  was  a.  book 
upon  the  Englfth  Silver  Coin,  from  the  Conqueit  to  his. 
own  tinres.  He  died  at  London  In  1754;  Dr.  Birch' 
liiid  up  materitda  for  a hTe  of  Mr.  FoIk^s,  wluclu 
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are  preferred  at  large  in  the  Anecdotes  of  Bowyer, 
p.  562.  There  are  many  memoirs  of  Mr.  Folkes’s  in 
the  Philof.  Tranf.  from  voL  30  to  vol.  46,  both  in- 
clufive  ; viz,  i.  Account  of  an  Aurora  Borealis,  vol. 
30.' — 2.  Of  Lieiiwenhoek’s  curious  Microfcope,  vol. 
32. — 3.  On  the  Standard  Meafures  in  the  Capitol  at 
Rome,  vol.  39. — 4.  Obfervations  of  three  Mock-funs, 
vol.  40.— 5.  On  the,  frefn-water  Polypus,  vol.  42. — -6. 
On  human  bones  petrified,  vol.  43.^ — 7,  On  a paflage 
in  Pliny’s  Natural  Hiftory,  vol.  44. — A On  an  Earth- 
quake at  London,  vol.  46. — 9.  Ditto  at  Kenfington, 
vol.  46. — 10.  Ditto  at  Newton,  vol.  46. 

FOMAHAUT,  or  Fomalhaut,  a far  of  the  firf 
magnitude  in  the  water  of  the  conf  ellation  Aquarius, 
or  in  the  mouth  of  the  fouthern  fifh.  Its  latitude  is 
^ 1°  6'  28''^  ioLith,  and  mean  longitude  to  the  beginning 
of  1760,  ii^  0°  28''  55'". 

FONTENELLE  (Bernard  de),  a celebrated 
French  author,  was  born  at  Rouen  in  1657,  and  died 
in  1756,  when  he  was  near  100  years  old.  Fie  was  a 
imiverfal  genius  : at  a very  early  age  he  wrote  feveral 
comedies  and  tragedies  of  confderable  merit ; and  he 
did  the  fame  at  a very  advanced  age.  Voltaire  declares 
him  the  mof  univerfal  genius  the  age  of  Lewis  the 
14th  produced  ; and  compares  him  to  lands  fituated  in 
fo  happy  a climate,  as  to  produce  ail  forts  of  fruits. 
His  Uft  comedies,  though  they  fliewed  the  elegance  of 
Fontenelle,  were  however,  little  fitted  for  the  f age  ; 
he  then  alfo  produced  an  Apology  for  the  Vortices  of 
Des  Cartes  ; upon  which  Voltaire  fays,  “ We  miif 
excufe  his  contedies,  on  account  of  his  great  age  ; and 
his  Cartefian  opinions,  as  they  were  thofe  of  his  youth, 
when  they  were  univerfally  received  all  over  Europe.” 

In  his  poetical  performances  and  Dialogues  of  the 
Dead,  the  fpirit  of  Voiture  was  difcerned,  though 
more  extended  and  more  philofophical.  His  Plurality 
of  Worlds  is  a work  fingular  in  its  kind  : his  defign  in 
this  was,  to  prefent  that  part  of  philofophy  to  view  in 
a gay  and  pleafing  drefs. 

Fontenelle  applied  himfelf  alfo  to  mathematics  and 
natural  philofophy  ; in  which  he  proved  not  lefs  fuc- 
cefsful  than  he  had  been  in  polite  literature.  Having 
been  appointed  perpetual  fecretary  to  the  Academy  of 
Sciences,  he  difcharged  that  truf  above  40  years  wdth 
imiverfal  applaufe  : his  Hiftory  of  the  Academy  often 
throws  great  light  upon  their  memoirs,  which  are  fome- 
tim.es  obfcure  ; and  it  has  been  faid,  he  was  the  firft 
who  introduced  elegance  into  the  fciences.  The 
Elog’es,  which  he  pronounced  on  the  deceafed  members 
of  the  Academy,  have  this  peculiar  merit,  that  they  ex  - 
cite a refpedt  for  the  fciences  as  well  as  for  the  authors. 

Upon  the  whole,  Fontenelle  muft  be  looked  upon  as 
the  m'eat  mafter  of  the  new  art  of  treatino-  abftradl 
fciences,  in  a manner  that  make  their  ftudy  at  once 
oafy  and  agreeable  : nor  are  any  of  his  works  of  other 
kinds  void  of  merit.  All  thofe  talents  which  he  pof- 
fefltd  from  nature,  were  aftifted  by  a good  knowledge 
of  hiftory  and  languages  : and  he  perhaps  furpaffes  all 
men  of  learning  who  have  not  had  the  gift  of  inven- 
tion. 

Befide  his  poetical  and  theatrical  works,  with  thofe 
of  Belles  lettres,  &c,  he  publilhed  Elemem  de  Geometrte 
de  V Injini,  in  4to,  1727  ; alfo  the  Eheorie  des  Eourhil- 
hns  Cartefiens  ; and  Difcours  moraupc  phlJofophiques* 
1 


All  his  different  works  were  collefted  in  eleven  volames, 
1 2 mo,  under  the  title  of  Oeirares  Dlverfes. 

FOOT,  a meafure  of  length,  divided  into  12  inches, 
and  each  inch  fuppofed  to  contain  3 barley-corns  in 
length.  Geometricians  divide  the  Foot  into  10  digits, 
and  the  digit  into  10  lines,  &c.  The  F rench  divide 
their  Foot,  as  we  do,  into  12  inches;  but  their  inch 
they  divide  into  12  lines. 

It  feems  this  meafure  has  been  taken  from  the  length 
of  the  human  Foot  ; but  it  is  of  different  lengths  in 
different  countries.  F'he  Paris  royal  Foot  is  to  the 
Englifi)  Foot,  as  4263  to  4000,  and  exceeds  the  Engliih 
by  91  lines  ; the  ancient  Roman  loot  of  the  Capitol 
corififted  of  4 palms  ; equal  to  1 1 inches  and  £ag- 
lifti;  the  Rhinland,  or  Leyden  Foot,  ufed  by  the  north- 
ern nations,  is  to  the  Roman  Foot,  as  19  to  20.  For 
the  proportions  of  the  Foot  of  feveral  nations,  com- 
pared -yvith  the  Engliih,  fee  the  article  Measure. 

Square  Foot,  is  a fquare  whofe  fide  is  i foot,  or  12 
inches,  and  confequently  its  area  is  144  fquare  inches. 

Cubic  F’oot,  is  a cube  whole  fide  is  one  Foot,  or  12 
inches,  and  confequently  it  contains  12^  or  1728  cubic 
inches. 

Y ooT -haul ^ or  YooT-Jlcp,  in  Fortification.  See  Ban- 

QpTETTE. 

FORCE,  U/j,  or  Power^  in  Mechanics,  Philofo- 
phy, &c,  denotes  the  caufe  of  the  change  in  the  ftate 
of  a body,  with  refpefl  to  motion,  reft,  preffure,  &c  ; 
as  well  as  its  endeavour  to  oppofe  or  refift  any  change 
made  in  fuch  its  ftate.  Thus,  whenever  a body,  which 
was  at  reft,  begins  to  move ; or  when  its  motion  is 
either  not  uniform,  or  not  direcl ; the  caufe  of  this 
change  in  the  ftate  of  the  body,  is  what  is  called  Force^ 
and  is  an  external  Force.  Or,  while  a body  remains 
in  the  fame  ftate,  cither  of  reft,  or  of  uniform  and  re6li- 
linear  motion,  the  caufe  of  its  remaining  in  fuch  ftate, 
is  in  the  natui'e  of  the  body,  being  an  innate  internal 
Force,  and  is  called  its  Inertia* 

Mechanical  FTrees  may  be  reduced  to  two  forts ; 
one  of  a body  at  reft,  the  other  of  a body  in  motion. 

Idle  Force  of  a body  at  reft,  is  that  which  we  con- 
ceive to  be  in  a body  lying  ftill  on  a table,  or  hanging 
by  a rope,  or  fupported  by  a fpring,  8cc  ; and  this  is 
called  by  the  names  of  Preffure,  Tenfion,  Force,  or 
Vis  Mortua,  Solicitatio,  Conatus  Movendi,  Conamen, 
&c  ; which  kind  of  Force  may  be  always  meafured  by 
a weight,  viz,  the  weight  that  fuftains  it.  To  this 
clafs  of  F'orces  may  alfo  be  referred  Centripetal  and 
Centrifugal  Forces,  though  they  refide  in  a body  in 
motion  ; becaufe  thefe  Forces  are  homogeneous  to 
weights,  preffures,  or  tendons  of  any  kind.  The  pref- 
fure, or  Force  of  gravity  in  any  body,  is  proportional 
to  the  quantity  of  matter  in  it. 

F’he  Force  of  a body  in  motion,  is  a power  refiding 
in  that  body,  fo  long  as  it  continues  its  motion  ; by 
means  of  which,  it  is  able  to  remove  obftacles  lying  in 
its  way ; to  lelfen,  deftroy,  or  overcome  the  Force  of 
any  other  moving  body,  which  meets  it  in  an  oppofite 
diredlion  ; or  to  furmount  any  the  largeft  dead  preffure 
or  refinance,  as  tenfion,  gravity,  fridtion,  &c,  for  fome 
time  ; but  which  will  be  ieffened  or  deftroyed  by  fuch 
refiftance  as  leffens  or  dellroys  the  motion  of  the  body. 
This  is  calk'd  Vis  Motrix,  Moving  Force,  or  Motive 
Force,  and  by  fome  late  writers  Vis  Viva,  to  diftinguifh 

it 
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it  from  tbe  Vis  Mortua  fpoken  of  before;  and  by  tbefe 
appellations,  howe<^er  different,  the  fame  thing  is  under- 
ffood  by  all  rnathcmaticians  ; namely,  that  power  of 
difplacing,  of  witliffanding  oppofite  moving  Forces,  or 
of  overcoming  anj  dead  rehftance,  which  refides  in  a 
moving  body,  and  which,  in  whole  or  in  part,  conti- 
nues to  accompany  it,  as  long  as  the  body  moves  ; and 
may  be  other  wife  called  PerculTive  Force,  or  Momen- 
tum. 

But  concerning  the  meafiire  of  this  kind  of  Force, 
mathematicians  have  been  divided  into  two  parties.  It 
is  allowed  by  both  fides,  that  the  meafure  of  tliis  Force 
depends  partly  upon  the  mafs  of  matter  in  tlie  body, 
or  its  weight,  and  partly  upon  tlie  velocity  of  its  mio- 
tion  ; fo  that  upon  any  increafe  of  either  weight  or 
velocity,  the  moving  Force  will  become  greater.  It  is 
alio  agreed,  that  the  velocity  being  given,  or  being  the 
fame  in  two  moving  bodies,  their  Forces  will  be  in  pro- 
portion to  their  maffes  or  weights.  But,  when  two 
bodies  are  equal,  and  the  velocities  with  which  they  ' 
move  are  different,  the  two  par  ies  no  longer  agree 
about  the  meafure  of  the  moving  Force. 

The  Cartd'ians  and  Newtomaiis  maintain,  that,  in 
this  cafe,  the  moving  Force  is  in  proportion  limply  as 
the  velocity  ith  which  a body  moves  ; fo  that  ith 
a double  velocity  it  has  a double  Foice,  <Sec  : But 
tlie  Teibnitians  affert,  that  the  iiKiving  Force  is  pro- 
portional to  the  fquare  of  the  velocity  ; fo  as,  with  a 
double  velocity  to  have  a quadruple  Force,  See.  Or, 
when  the  bodies  are  difterent,  the  former  hold,  that 
the  momentum  or  moving  Force  of  bodies,  is  in  the 
compound  ratio  of  their  .weights  and  velocities:  But 
the  Leibnitians  hold,  that  it  is  in  the  compound  ratio 
of  the  weights  and  fquares  of  the  velocities. 

Though  Leibnitz  was  the  hrft  who  exprefsly  af- 
ferted,  that  the  Force  of  a body  in  motion  is  as  the 
fquare  of  its  velocity,  which  was  in  a paper  inferted  in 
the  Leipfic  A(ffs  for  the  year  1686,  yet  it  is  thought 
that  Huygens  led  him  into  that  notion,  by  fome  de- 
monftrations  in  the  4th  part  of  his  book  De  Ilorologio 
Gfcillatorio,  relating  to  the  centre  of  ofcillation,  and 
by  his  differtations,  in  anfwer  to  the  objections  of  the 
abbot  Catalan,  one  of  which  ivas  publiihed  in  1684. 
This  eminent  mathematician  had  demonllrated,  that  in 
the  collilion  of  two  bodies  that  are  perfectly  clallic,  the 
fum  of  the  produdts  of  each  body  multiplied  by  the 
fquare  of  its  velocity,  was  the  fame  after  the  diock  as 
before;  (though  the  fame  thing  is  true  of  the  fums  of 
the  produtfs  of  the  bodies  multiplied  limply  by  their 
velocities).  Now  that  propofition  is  fo  far  general  as 
to  obtain  in  all  collifions  of  bodies  that  are  perfeddly 
clallic  : and  it  is  alfo  true,  when  bodies  of  a perfeft 
clallicity  llrike  any  immoveable  obllacle,  as  well  as 
when  they  llrike  one  another  ; or  when  they  are  con- 
llrained  by  any  pow'er  or  relillance  to  move  in  direflions 
different  from  thofe  in  which  they  impel  one  another. 
Thefe  conliderations  rriight  have  induced  Huygens  to 
lay  it  dowm  as  a general  rule,  ti.at  bodies  corulantly 
preferve  their  Afcenfional  Force,  i.  e.  the  produfl  of 
their  mafs  by  the  lieight  to  which  their  centre  of  gra- 
vity can  afeend,  wFich  is  as  the  fquare  of  the  veloci- 
ty ; and  therefore,  in  a given  fy^cm  of  bodies,  the  fum 
of  the  fquares  of  their  velocities  will  remain  tlie  fame, 
and  not  be  altered  by  the  action  of  the  bodies  among 


themfelves,  nor  againff  immoveable  obdacles,  Leibnitz’^s 
metaphyfical  lyilem  led  him  tefthink  that  the  fame  quan- 
tity of  adlion  or  Force  fubhllcd  in  the  univerfe  ; and 
finding  this  impoffible,  if  Force  were  ehimated  by  the 
quantity  of  m.otion,  he  adopted  Huygens’s  principle  of 
the  prefervation  of  the  Afcenfional  Force,  and  made  it 
the  meafure  of  moving  Forces.  But  it  is  to  be  ob- 
ferved  that  Huygens’s  principle,  abovemaentioned,  is 
general  only  when  bodies  are  perfectly  elaltic  ; and  in 
fome  other  cafes  wdiich  Maclaurin  has  endeavoured  to 
dillinguifh  : fliewing  at.- the  fame  time  that  no  ufeful 
concluiion  in  mechanics  is  affedled  by  the  difputes  con- 
cerning the  meafure  of  the  Force  of  bodies  in  motion, 
which  have  been  objedled  to  mathematicians.  Ana- 
lyll,  Query  9.  See  Macluurin’s  Fluxions,  vol.  2,  art. 
533  ; Huvgens  Oper.  tom.  i,  pa.  248  ; See. 

Leibnitz’s  principle  was  adopted  by  feveral  perfons  ; 
as  Wclfius,  the  Bernoullis,  &c.  Mr.  Dan.  Bernoulli, 
in  his  Trcatiie,  has  affumed  the  prefervation  of  the 
Vis  Afeendens  of  Fluygens,  or,  as  others  exprefs  it, 
the  Confervatio  Virium  Vivarum  ; and,  in  Bernoulli’s 
own  expreliion,  aqual'itas  inter  defetnfum  oSJualem  afeen^ 
Jiimqiie pfjtsntialem^  as  an  hypothelis  of  wonderful  ufe  in 
mechanics.  But  a late  author  contends,  that  the  coii- 
clufions  drawn  from  this  principle  are  oltener  falle  than 
true.  See  De  Confervat,  Virium  Vivarum  Differt. 
Lond.  1744^ 

Catalan  and  Papin  anfwered  Leibnitz’s  paper  pub- 
lifiied  in  1686  ; and  from  that  time  the  controverly 
became  more  general,  and  was  carried  on  for  leveral 
years  by  Leibnitz,  John  and  Daniel  Bernoulli,  Poleni, 
Wolhiis,  s’Gravefande,  Camus,  Mufehenbroek,  (?cc,  on 
one  fide  ; and  Pemberton,  Lames,  Defagulieis,  Dr.  S. 
Clark,  M.  de  Mairan,  Jurin,  Maclaurin,  Robins,  5cc, 
on  the  other.  SeeA6l.  Erud.  1686,  1690,  1691,  1695; 
Nouv.  de  la  Rep.  des  Let.  Sept.  1686,  1687,  art.  2; 
Comm.  Epill.  inter  Leibn.  et  Bern.  Ep.  24,  p.  143  ; 
Difeourfes  lur  les  I.oix  de  la  Comm,  du  Mouvement, 
Open  tom.  3,  & Diff.  de  vera  Notione  Virium  V’^iva- 
rum,  ib.  ; Acl.  Petropol.  tom.  1,  p.  i-^i.  Sec;  Hy- 
dronamica,  fetl.  i ; Herman,  in  Acl.  Petrop.  tom. 
I,  p.  2,  Sec  ; Polen.  de  Caflellis  ; Wolf,  in  iVdl.  Petrop. 
tom.  I,  p.  217,  &c,  and  in  Cofniol.  Gencr.  ; Gravef. 
in  Journ.  Lit.  and  Phyf.  Elem.  Math.  1742,  lib.  2, 
cap.  2 and  3 ; Memoir,  de  I’Acad.  des  Sciences  1728; 
Mufehenbr.  Int.  ad  Phil.  Nat.  1762,  vol.  i,p.  83  &c  ; 
Pemb.  Sec,  in  Phil.  Tranf.  number  371,  375,  37C, 
396,400,  401,  or  Abi  idg.  vol.  6,  p.  216  See.  Mairan 
in  Memo,  de  I’Acad.  des  Sc.  1728,  Phil.  Tranf.  numb. 
459,  or  Abridg.  vol.  8,  p.  236,  Philof.  Tranf.  vol.  43, 
p.  423  Sec;  Maclaurin’s  Acc.  of  Newton’s  Difeo- 
veries,  p.  i 1 7 Sec,  Elux.  ubi  fupr.  8c  Reciieil  des 
Pieces  qui  ont  emporte  le  Prix  Sec.  tom.  i ; Defagul. 
Courfe  Exp.  Philof.  vol.  i,  p.  393  &c,  vol.  2,  j)*  49 
See  ; and  Robins’s  Tradls,  vol.  2,  p.  135. 

The  nature  and  limits  of  this  work  will  not  admit 
of  a full  account  of  the  arguments  and  experiments  that 
have  been  urged  on  both  fides  of  this  queftion  ; but 
they  may  be  found  chiefly  in  the  preceding  references. 
A fevv  of  them.however  may  be  coniidered,  as  follows. 

• The  defenders  of  Leibnitz’s  principle,  behde  the  ar- 
guments above-mentioned,  refer  to  the  fpaces  that  bo- 
dies afeend  to,  when  thrown  upwards,  or  the  penetra- 
tions of  bodies  let  fall  into  foft  wax,  tallow,  clay,  fnow. 
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'sficl  otlxer  Toft  fubftancfes^  wliicli  fpaccs  are  always  as 
^•he  fquares  of  the  velocities  of  the  bodies.  On  the 
other  hand,  their  opponents  retort,  that  fuch  fpaces 
are  not  the  meafures  of  the  force  in  queftion,  which 
iis  rather  percuhive  and  momentary,  as  thofe  above  are 
paffed  over  in  unequal  times,  and  are  indeed  the  joint 
'cfTecl  of  the  Fo  rces  and  times. 

Oefaguliers  brings  an  argtiment  from  the  familiar 
'experiment  of  the  balance,  and  the  other  hmple  me- 
•ch  anic  powers,  fnewing  that  the  cffedt  is  in  proportion 
to  the  velocity  multiplied  by  the  \^n2ight  ; for  example, 
4 pounds  being  placed  at  the  diifance  of  6 inches  from 
the  centre  of  motion  of  a balance,  and  2 pounds  at  the 
'dlftance  of  12  inches  thefe  will  have  a Vis  V^iva  if  the 
•balance  be  put  into  a fwinging  motion.  Now  it  ap- 
pears that  thefe  Forces  are  equal,  becaufc,  with  con- 
trary diredlions,  they  foon  dell'roy  each  other  ; and  they 
'are  to  each  other  in  the  iirnple  ratio  of  the  velocity  mul- 
tiplied by  the  liiafs,  viz  4x6  = 24,  and  2 X 12  = 24 
■alfo. 

Mr.  Robins,  in  his  remarks  on  J.  Bernoulli's  treatife^ 
entitled,  Difeours  fur  les  I^cix  de  la  Communication 
Bu  Mouvement,  informs  us,  that  Leibnitz  adopted  this 
opinion  through  miftake  ; for  though  he  maintained 
that  the  quantity  of  Force  is  always  the  fame  in  the 
imiverfe,  he  endeavours  to  expofe  the  error  of  Des 
Cartes,  who  alfo  afferted,  that  the  quantity  of  motion  is 
always  the  fame  ; and  iir  his  difeourfe  on  this  fubjedt  in 
the  A6la  Eruditorum  for  1686,  he  lays  that  it  is  agreed 
on  by  the  Cartellans,  and  all  other  philofophers  and 
mathematicians,  that  there  is  the  fame  Force  requifite 
to  raife  a body  of  i pound  to  the  height  of  4 yards, 
us  to  raife  a body  of  4 pounds  to  the  height  of  i yard  ; 
but  being  fhewn  how  much  he  was  miftaken  in  taking 
that  for  the  common  opinion,  which  would,  if  allowed, 
prove  the  force  of  the  body  to  be  as  the  fquare  of  the 
velocity  it  moved  with,  he  afterwards,  rather  than  own 
himfelf  capable  of  fuch  a millake,  endeavoured  to  de- 
fend it  as  true  ; fince  he  found  it  was  the  necelTary  con- 
fequence  of  what  he  had  once  afferted  ; and  maintained, 
that  the  force  of  a body  in  motion  was  proportional  to 
the  height  from  which  it  muff  fall,  to  acquire  that  ve- 
locity ; and  the  heights  being  as  the  fquares  of  the  velo- 
cities, the  Forces  would  be  as  the  maffes  multiplied  by 
thep  ; whereas,  when  a body  defceiids  by  its  gravity, 
or  is  projedted  perpendicularly  upwards,  its  motion 
may  be  confidered  as  the  lum  of  the  uniform  and  con- 
tinual impulfes  of  the  power  of  gravity,  during  its  fall- 
ing in  the  former  cafe,  and  till  they  extinguifh  it  in  the 
latter.  Thus  when  a body  is  projedfed  upwards  with 
a double  velocity,  thefe  uniform  impulfes  muff  be  con- 
tinued for  a double  time,  in  order  to  deffroy  the  motion 
of  the  body;  and  hence  it  follows,  that  the  body,  by  fett- 
ing  out  with  a double  velocity,  and  afeending  for  a double 
time,  muff  arife  to  a quadruple  height,  before  its  motion 
is  exhauffed.  But  this  proves  that  a body  with  a double 
velocity  moves  with  a double  Force,  fince  it  is  produced 
or  deffroyed  by  the  fame  uniform  power  continued  for  a 
double  time,  and  not  with  a quadruple  force,  though  it 
rifes  to  a quadruple  height;  fo  that  the  error  of  Leibnitz 
confiffed  in  his  not  confidering  the  time,  fince  the  veloci- 
ties alone  are  not  the  caufes  of  the  fpaces  deferibed,  but 
the  times  and  the  velocities  together;  yet  this  is  the  falla- 
cious argument  on  whkh  he  firft  built  Iiis  new  dodrine  5 


and  thofe  which  have  been  fince  much  infiffed  on, 
derived  from  the  indentings  or  hollows  produced  in  foft 
bodies  by  others  falling  into  them,  are  much  of  the 
fame  kind.  Robins’s  Tracis,  vol.  2,  p.  178. 

But  many  of  t!;e  experiments  and  reafonings,  that 
have  been  urged  on  both  fides  in  this  controvcrly,  have 
been  founded  in  the  different  fenfes  applied  to  the  term 
Force,  The  Englifb.  and  French  philofophers,  by  the 
word  Force,  mean  the  fame  thing  as  they  do  by  mo- 
mentum, motion,  quantity  of  motion,  percuffion,  or  in- 
ftantaneous  preffure,  which  is  meafured  by  the  mafs 
drawn  into  the  velocity,  and  may  be  known  by  its 
effect;  and  when  they  confider  bodies  as  moving  through 
a certain  fpace,  they  allow  for  the  time  in  which  that 
fpace  is  deferibed : whereas  the  Dutch,  Italian,  and 
German  philofophers,  who  have  efpoufed  the  new  opi- 
nion, mean  by  the  word  Force,  or  Force  inherent  in  a 
body  in  motion,  that  which  it  is.able  to  produce  ; or, 
in  other  words,  the  Force  is  always  meafured  by  the 
whole  effedt  produced  by  the  body  In  motion  ; until  its 
whole  Force  be  entirely  communicated  or  deffroyed^ 
without  any  regard  to  the  time  employed  in  producing 
tills  total  effedt.  Thus,  fay  they,  if  a point  runs  through 
a determinate  fpace,  and  preffes  with  a certain  given 
Force,  or  intenfity  of  preffure,  it  will  perform  the  fame 
adlion  whether  it  move  faff  or  flow,  and  therefore  the 
time  of  the  action  in  this  cafe  ought  not  to  be  regarded. 
s’Gravefande,  Phyf.  El.  Math.  § 723 — 728. 

Mr.  Euler  obferves,  with  regard  to  this  difpute  con- 
cerning the  meafure  of  vivid  Force,  or  living  Force,  as 
it  Is  fometimes  called,  that  we  cannot  abfolutely  aferibe 
any  Force  to  a body  in  motion,  whether  we  fuppofe 
this  Force  proportional  to  the  velocity,  or  to  the 
fquare  of  the  velocity  : for  the  Force  exerted  by  a body, 
ftriking  another  at  reff,  is  different  from  that  which  it 
exerts  in  ffriking  the  fame  body  in  motion  ; fo  that  this 
Force  cannot  be  aferibed  to  any  body  confidered  in  It- 
felf,  but  only  relatively  to  the  otlier  bodies  it  meets 
with.  There  is  no  force  in  a body  abfolutely  confider- 
ed, but  its  inertia,  which  is  always  the  fame,  whether 
the  body  be  in  motion  or  at  reff.  But  if  this  body 
be  forced  by  others  to  change  its  ftate,  its  inertia  then 
exerts  itfelf  as  a Force,  properly  fo  called,  which  is  not 
abfolutely  determinable  ; becaufe  it  depends  on  the 
changes  that  happen  in  the  ftate  of  the  body. 

A fecond  obfervation  which  has  been  made  by  fome 
eminent  writers,  is,  that  the  effedt  of  a fhock  of  two 
or  more  bodies,  is  not  produced  in  an  inftant,  but  re- 
quires a certain  interval  of  time.  If  this  be  fo,  the 
heterogeneity  between  the  Vis  Viva  and  Mortua,  or 
Living  and  Dead  Force,  will  vanifii ; lince  a preffure 
may  always  be  afligned,  which  in  the  fame  time,  how- 
ever little,  ffiaU  produce  the  fame  effecl.  If  then  the 
Vis  Viva  be  homogeneous  to  the  Vis  Mortua,  and  hav- 
ing  a perfedl  meafure  and  knowledge  of  the  latter,  we 
need  require  no  other  meafure  of  the  former  than- that 
which  is  derived  from  the  Vis  Mortua  equivalent  to 
it. 

Now  that  the  change  in  the  ftate  of  two  bodies,  by 
their  fiiock,  does  not  happen  in  an  inftant,  appears  evi- 
dently from  the  experiments  made  on  foft  bodies  : in 
thefe,  percuffion  forms  a fmall  cavity,  vifible  after  the 
fhock,  if  the  bodies  have  no  elafticity.  Such  a cavity 
cannot  certainly  be  made  in  an  inftant.  And  if  the 
3 ftiock 
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fhock  of  foft  bodies  require  a determinate  time,  we 
miiil  certainly  fay  as  much  of  the  hardeh,  though  this 
time  may  be  fo  imall  as  to  be  beyond  all  our  ideas. 
Neither  can  an  inftantaneous  fhock  agree  with  that  con- 
llant  law  oi:  nature,  by  virtue  of  which  nothing  is  per- 
formed per  laltiirn.  But  it  is  needlefs  to  infill  farther 
upon  this,  fnice  the  duration  of  any  fnock  may  be  de- 
termined from  the  m.oll  certain  principles. 

There  can  be  no  Ihock  or  colliiion  of  bodies,  with- 
out their  making  mutual  imprelTions  on  each  other  ; 
thcfe  impreflions  will  be  greater  or  lefs,  according  as 
the  bodies  are  more  or  lefs  foft,  btlier  circumllances 
being  the  fame.  In  bodies  called  hard,  the  imprel- 
fions  are  Imall ; but  a perfedl  hardnefs,  which  admits 
of  no  impreffion,  feems  inconfillent  with  the  laws  of 
nature;  lo  that  while  the  collifion  lalls,  the  adtion  of 
bodies  is  the  reiult  oi  their  mutually  prelling  each  other. 
This  prelfure  changes  their  Hate  ; and  the  Forces  exert- 
ed in  percufllon  are  really  prelTures,  and  truly  Vires 
Mortuce,  if  we  will  ufe  this  exprelfion,  which  is  no 
longer  proper,  lince  the  pretended  infinite  difference  be- 
tween the  Vires  \ ivie  and  Mortuac  ccafcs. 

The  Force  of  perculTion,  refulting  from  the  prelfure^ 
that  bodies  exert  on  each  other,  while  the  collifion  lalls, 
may  be  perfedlly  known,  if  thefe  preffiiresbe  determin- 
ed for  every  inllant  of  the  fliock.  The  mutual  ailion 
of  the  bodies  begins  the  hrft  moment  of  tlieir  contadl  ; 
and  is  then  leall  ; after  which  this  adlion  increafes,  and 
becomes  greateil  when  the  reciprocr.l  impreflions  are 
llrongell.  If  the  bodies  have  no  elailicity,  and  the  im- 
preflions they  have  received  remain,  tlie  Forces  will 
then  ceafe.  But  if  the  bodies  be  elallic,  aud  the  parts 
comprefled  reftore  themfelves  to  their  former  Hate,  then 
will  the  bodies  continue  to  prefs  each  other  till  they 
feparate.  To  comprehend  therefore  perfeclly  the 
Force  of  percufllon,  it  is  requifite  firil  to  define  the 
time  the  fhock  kills,  and  then  to  aflign  the  prelfure 
correfponding  to  each  inllant  of  this  time  ; aud  as  the 
efle6l  of  preliures  in  changing  the  Hate  of  any  body  may 
be  known,  we  may  tlience  come  at  the  true  caufe  of  the 
change  of  motion  arifing  from  collifion.  The  Force 
of  percufllon  therefore  is  no  mote  than  the  operation 
of  a variable  prelfure  during  a given  time  ; and  to  mea- 
iure  this  Force,  we  mull  have  regard  to  the  time,  and 
to  the  variations  according  to  which  the  preHure  in- 
creafes and  decreafes. 

Mr.  Euler  has  given  fome  calculations  relative  to 
thefe  particulars  ; and  he  illullrates  their  tendency  by 
tills  inllance  ; Suppofe  that  the  hardnefs  of  the  two 
bodies,  A and  B,  is  equal ; and  fuch,  that  being 
prefled  together  with  the  force  of  loclb,  the  Imprelfion 
made  on  each  is  of  the  depth  of  -rerjo^h  part  of  a foot. 
Suppole  alfo  tliat  B is  fixed,  and  that  A llrikes  it  with 
the  velocity  of  loo  feet  in  a fecond  ; according  to  Mr. 
Euler,  the  greateil  Force  of  comprelTion  will  be  equi- 
valent to  qcolb,  and  this  Force  will  produce  in  each  of 
thefe  bodies  an  impi'efiion  equal  to  of  a foot ; and 
the  duration  of  the  colliiion,  that  is,  till  the  bodies  ar- 
rive at  their  greateil  comprefiion,  will  be  about  of 
a fecond.  Mr.  Euler,  in  his  calculations,  fuppofes  the 
Jiardnefs  of  a body  to  be  proportional  to  the  Force 
or  preflVire  requifite  to  make  a given  impreflion  on  it  ; 
to  that  the  Force  by  which  a given  impreflion  is  made 
on  a body,  is  in  a coixq^ound  ratio  the  hardnefs  of 
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the  body  and  of  the  quantity  of  the  impreflion.  But 
he  obferves,  that  regard  mull  be  had  to  the  magnitude 
of  the  bodies,  as  the  fame  imprellion  cannot  be  made 
on  the  leall  bodies  as  on  the  greateil,  from  the  defeit' 
of  fpace  through  which  their  component  particles  mull 
be  driven  : he  confiders  therefore  only  the  leall  impref- 
fions,  and  fuppofes  the  bodies  of  fuch  magnitudes,  that 
with  refpebl  to  them  the  impreflions  may  be  looked 
upon  as  nothing.  What  he  fuppofes  concerning  the 
hardnefs  of  bodies,  neither  implies  elailicity  nor  the 
want  ol  it,  as  elailicity  only  produces  a rellitution  or 
flgiire  and  impreflion  when  the  prefling  Force  ceafes  ; 
but  this  refcitiition  need  not  be  here  confidered.  It 
is  alfo  fuppofed,  that  the  bodies  which  ilrike  each 
other,  have  plane  and  equal  bafes,  by  wdiich  they  touch 
eacli  other  in  the  collifion  ; fo  that  the  impreflion  here- 
by made  diminiflies  the  length  ol  each  body.  It  is 
farther  to  be  obferved,  tliat  in  Mr.  Euler’s  calculationc*. 
bodies  are  fuppofed  fo  conllituted,  that  they  may  not 
only  receive  impreflions  from  the  Forces  prelling  them, 
but  that  a greater  Force  is  requifite  to  make  a greater 
impreflion.  This  excludes  all  bodies,  fluid  or  folid,  in 
wliich  the  fame  Force  may  penetrate  farther  and  farther, 
provided  it  have  time,  without  ever  being  in  equilibrio 
with  the  relillancc  : thus  a body  may  continually  pe- 
netrate farther  into  foft  wax,  although  the  force  im- 
pelling it  be  not  increafed  : in  thefe,  and  the  like  cafes, 
nothing  is  required  but  to  furmount  the  firil  obflacles  ; 
which  being  once  done,  and  the  connedlion  of  parts 
broken,  the  penetrating  body  always  advances,  meeting 
with  the  fame  obflacles  as  before,  and  deflroying  them 
by  an  equal  Force.  But  Mr.  Euler  only  confidera  the 
firil  obflacles  which  cxill  before  any  feparation  of  parts, 
and  which  are  doubtlefs  iuch,  that  a greater  impreflion 
requires  a greater  Force.  Indeed  this  chiefly  takes 
place  in  elallic  bodies  ; but  it  feems  likewife  to  ob- 
tain in  all  bodies  when  the  impreflions  made  on  them 
are  fmall,  and  the  contexture  of  their  parts  is  not  al- 
tered. 

Thefe  things  being  premifed,  let  the  mafs  or  weight 
of  the  body  A be  exprelfed  in  general  by  A,  and  let  its 
velocity  before  the  tliock  be  that  which  it  might  ac- 
quire by  falling  from  the  height  a.  Farther,  let  the 
hardnefs  of  A be  exprelled  by  M,  and  that  of  B by  N, 
and  let  the  area  of  the  bafe,  on  which  the  impreflion 
is  made,  be  cc  ; tjien  will  the  greatefl  compreflion  be 
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if  the  hardnefs  of  the  two  bodies,  and  the  plane  of  their 
contaT  during  the  whole  time  ol  their  collifion  be  the 
fame,  this  Force  will  be  as  a/ An,  that  is,  as  the  fquare 
root  of  the  Vfls  Viva  of  the  linking  body  A.  And 
as  A,/n  is  proportional  to  the  velocity  of  the  body  A, 
the  Force  ol  percullion  will  be  in  a compound  ratio  t»t 
the  velocity  and  of  the  lubdiiplicate  ratio  of  the  mafs 
of  the  ])cdy  llrikiug  ; fo  that  in  tliis  cafe  neither  the 
Feibnitian  nor  the  CartTian  propofitions  take  place. 
But  this  Force  of  perculiion  depends  chiefly  on  the 
hardnefs  of  the  bodies  ; the  greater  this  is,  the  greater 
will  the  F'orce  of  percuflion  be.  If  M = N,  this 

Force  will  be  as  v^Mr^  x An,  that  is,  in  a compound 
fubduplicate  ratio  ol  the  Vis  Viva  ol  the  llrikiug  body, 
of  the  hurdnels,  and  oi  the  plane  of  contact.  But  if 
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M,  the  liardncfs  of  one  of  the  bodies,  be  infinite,  the 


Force  of  percufllon  will  be  as  x iW;  at  the 

fame  time,  if  M =N,  this  Force  will  be  as  V' dIShT  X Aa. 
Therefore,  all  otlier  things  being  equal,  the  Force  of 
percufllon,  if  the  llriking  body  be  infinitely  hard,  v;ill 
be  to  the  Force  of  percufllon  when  both  the  bodies  are 
equally  hard,  as  ^2  to  i. 

Mr.  Euler  farther  deduces  from  his  calculation,  that 
the  imprefllon  received  by  the  bodies  A and  B will  be 
as  follows  ; viz,  as 

N X Aa  f M X Art! 

and  rr- — A fefpeCtively. 


M + N X Mcc  ^ M + N X Nrr 
If  therefore  the  hardnefs  oi  A,  that  is  M,  be  infinite, 
it  will  fuffer  no  impreffion  5 whereas  that  on  B will  ex- 
tend to  the  depth  of  / - — . But  if  the  hardnefs 

of  the  two  bodies  be  the  fame,  or  M = N,  they  will 

f 

each  receive  equal  impreflions  of  the  depth  ^ 

So  that  the  impreffion  received  by  the  body  B in  this 
cafe,  will  be  to  the  impreffion  it  receives  in  the  former, 
as  I to  >^/2. 

Mr.  Euler  has  likewife  confidered  and  computed  the 
cafe  where  the  flrikiiig  body  has  its  anterior  furface 
convex,  with  which  it  ftrikes  an  immoveable  body 
whofe  furface  is  plane.  He  has  alfo  examined  the  cafe 
when  both  bodies  are  fuppofed  immoveable ; and  from 
his  formulas  he  deduces  the  known  laws  of  the  collifion 
of  elaftic  and  non-elaflic  bodies.  He  has  alio  determin- 
ed the  greateft  preffures  the  bodies  receive  in  thefe 
cafes  ; and  likewife  the  impreflions  made  on  them.  In 
particular  he  fhews,  that  the  impreflions  received  by  the 
, body  ilruck,  or  B,  if  moveable,  is  to  the  impreffion  re- 
ceived by  the  fame  body  when  immoveable,  as  >^B  to 

maTb. 


There  are  feveral  ciirioiiS'  as  well  as  ufeful  obferva- 
tions  ill  Heiaguliers’s  Experimental  Philofophy,  con- 
cerning the  comparative  Forces  of  men  and  horfes,  and 
the  be  if  way  of  applying  them.  A horfe  draws  with  the 
greateft  advantage  wlien  the  line  of  direction  is  level 
with  his  break  ; in  fuch  a iituation,  he  is  able  to  draw 
20olb  for  8 hours  a day?  walking  about  2|  miles  an 
hour.  But  if  the  fame  horfe  be  made  to  draw  2401b, 
he  can  work  only  6 hours  a day,  and  cannot  go  quite  fo 
fak.  On  a carriage,  indeed,  where  fridtion  alone  is  to 
be  overcome,  a middling  horfe  will  draw  looolb.  But 
the  bek  way  to  try  the  Force  of  a horfe,  is  to  make 
him  draw  up  out  of  a well,  over  a fingle  pulley  or  roller  t 
find  in  that  cafe,  an  ordinary  horfe  will  draw  about 
20olb,  as  before  obferved. 

It  is  found  that  5'  men  are  of  equal  Force  with  one 
horfe,  and  can  with  equal  eafe  puffi  round  the  horizon- 
t?d  beam  of  a mill,  in  a walk  40  feet  wide;  whereas 
2 men  v/ill  do  it  in  a walk  only  1 9 leet  wid.e. 

The  work  way  of  applying  the  Force  of  a horfe  is. 
to  make  him  carry  or  draw  up  hill:  for  if  the  hill  be 
keep,  3 men  will  do  more  than  a horfe,  each  man 
climbing  up  faker  with  a burden  of  i oolb  weight,  than 
a horfe  that  is  loaded  with  30olb  : a difference  which 
is  owing  to  tlie  pofition  of  the  parts  of  the  human  body 
being  better  adapted  to  climb,  than,  thole  of  a horfe.. 


On  the  other  hand,  the  bek  way  of  applying  the 
Force  of  a horfe,  is  the  horizontal  direction,  in  which 
a man  can  exert  the  leak  Force  ; thus,  a man  that 
weighs  ipolb,  when  drawing  a boat  along  by  means  o£. 
a rope  coming  over  his  Ihoulders,  cannot  draw  above 
271b,  or  exert  above  i-7th  part  of  the  Force  of  a horfe 
employed  to  the  fame  piirpofe  ; fo  that  in  this  way  the 
Force  of  a horfe  is  equal  to  that  of  7 men. 

The  bek  and  mok  effectual  pokure  in  a man,  is  that 
of  rowing  ; when  he  not  only  adts  with  more  mufcles 
at  once  for  overcoming  the  refikance,  than  in  any  other 
pofition  ; but  alfo  as  he  pulls  backwards,  the  weight  of 
his  body  affills  by  way  of  lever.  See  Defaguliers’s  Exp. 
Philof.  vol.  I,  p.  241,  Mliere  feveral  other  obfervatioiis 
are  made  relative  to  Force  acquired  by  certain  pofitions 
of  the  body  ; from  which  that  author  accounts  for  - 
mok  feats  of  krength  and  aftivity.  See  alfo  a Memoir 
on  this  fubjefl  by  M.  De  la  Hire,  in  the  Mem.  Roy, 
Acad.  1729  ; or  in  Defaguliers’s  Exp.  &c.  p.  267  &c,  ., 
who  has  publiffieda  tranflation  of  part  of  it  with  remarks, . 

Force  is  dikinguiffied  into  Motive  and  Accelerative 
or  Retardive. 

Motive  Force,  otherwife  called  Momentum,  o-r* 
Force  of  Percuffion,  is  the  abfolute  Force  of  a body  in 
motion,  &e  ; and  is  expreffed  by  the  produdf  of  the 
weight  or  mafs  of  matter  in  the  body  multiplied  by  the 
velocity  with  which  it  moves.  But 

Accelerative  Force,  or  Retar  dive  Force,  is  thali 
which  refpedls  the  velocity  of  the  motion  only,  acce- 
lerating or  retarding  it ; and  it  is  denoted  by  the  quo-^ 
tient  of  the  motive  Force  divided  by  the  mafs  or? 
weight  of  the  body.  So, 

if  m denote  the  motive  Force, 
and  h the  body,  or  its  weight, 
andjT  the  accelerating  or  retarding  Force^ 

then  IS  / as  — . 

Again,  Forces  are  either  Conkant  or  Variable. 
Conjlant  Forces  are  fuch  as  remain  and  a6l  conti- 
nually the  fame  for  fome  determinate,  time.  Such,  for 
example,  is  the  Force  of  gravity,  which  afis  conkantly 
the  fame  upon  a body  while  it  continues  at  the  fame 
dikance  from  the  centre  of  the  earth,  or  from  the, 
centre  of  Force,  wherever  that  may  be.  In  the  cafe  of 
a co-nkant  Force  I"  adting  upon  a body  3,  for  any  time 
we  have  thefe  following  theorems  ; putting 
f = the  conkant  accelerating  Force  = T 
V — the  velocity  at  the  end  of  the  time  t, 
s = the  fpace  paffed  over  in  that  time,  by  the 
conkant  aAion  of  that  Force  on  the  body  : 
and  g — 16^*^  feet,  the  fpace  generated  by  gravity  in 
I fecond,  and  calling  the  accelerating  Force  of  gravity 
I j then  is 

s =:  ^Jv  = gft^  = 
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Variabli  Forces  are  fuch  as  arc  continu 
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ing  m their  effect  and  intenfity;  fuch  as  the  Force  of 
gravity  at  different  diftances  from  the  centre  of  the 
€arth,  which  decreafes  in  proportion  as  the  fquare  of 
the  diftance  increafes.  In  variable  Forces,  theorems 
fimilar  to  thofe  above  may  be  exhibited  by  ufing  the 
fluxions  of  quantities,  and  afterwards  taking  the  flu- 
ents of  the  given  fluxional  equations.  And  herein 
Confifts  one  of  the  great  excellencies  of  the  Newtonian 
or  modern  analyfis,  by  which  we  are  enabled  to  nia- 
nage,  and  compute  the  effedls  of  all  kinds  of  variable 
Forces,  whether  accelerating  or  retarding.  Thus, 
ufing  the  fame  notation  as  above  for  conilant  forces, 
viz,  J the  accelerating  Force  at  any  inffant,  t the  time 
a body  has  been  m motion  by  the  action  of  the  variable 
Force,  v the  velocity  generated  in  that  time,  s the 
fpace  run  over  in  that  time,  and  g zzz  16^^  feet  ; 
then  is 
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In  thefe  four  theorems,  the  Force  though  va- 
riable, is  fuppofed  to  be  conilant  for  the  indefinitely 

fmall  time  t ; and  they  are  to  be  ufed  in  all  cafes  of  va- 
riable Forces,  as  the  former  ones  in  conilant  Forces ; 
viz,  from  the  circumilances  of  the  problem  under  con- 
flderation,  deduce  a general  expreflion  for  the  value  of 
the  force  f,  at  any  indefinite  time  t ; then  fubilitiite  it 
in  one  of  thefe  theorems,  which  fliaU  be  proper  to  the 
cafe  in  hand  ; and  the  equation  thence  relLilting  will 
determine  the  correfponding  values  of  the  other  quanti- 
ties in  the  problem. 

It  is  alfo  to  be  obferved,  that  the  foregoing  theorems 
equally  hold  good  for  the  dellruelion  ot  motion  and 
velocity,  by  means  of  retarding  or  refilling  Forces,  as 
for  the  generation  of  the  fame  by  means  of  accelernting 
Forces. 

Many  applications  of  thefe  theorems  may  be  feen  in 
-my  Selcdl-Fxercifes,  p.  172  &c. 

There  are  many  other  denominations  and  kinds  of 
Forces  ; fuch  as  attractive,  central,  centrifugal,  &c,  &c  ; 
for  which  fee  the  refjicdlive  words. 

FORCER,  in  Mechanics,  is  properly  a piilon  with- 
out a valve..  For,  by  drawing  up  fuch  a piilon,  the 
air  is  drawn  up,  and  the  water  follows  ; then  pulliing 
the  piilon  down  again,  the  water,  being  prevented  from 
defeending  by  the  lower  4’alve,  isforced  up  to  any  height 
above,  by  means  of  a fide  branch  between  the  two. 

See  the  ways  of  making  thefe  in  DefaguHers’s 
Exper.  Philof.  vol.  2,  p.  161  &c.  See  alio  Clare’s 
Motion  of  Fluids,  p.  60. 

Forcing  one  that  adls,  or  raifes  w'-atcr,  by  a 

Forcing  piilon.  See  above. 

FORELAND,  or  Foreness,  in  Navigation,  a 
point  of  land  jutting  out  into  the  fea. 


Fo  RELAX'D^  ill  Fortification,  is  a fmall  piece  of 
ground  betiveen  the  wall  of  a place  and  the  moat ; 
called  alfo  Berme  and  Liziere. 

FORE-STAFF,  an  iiillrument  ufed  at  fea,  for 
taking  the  altitudes  of  the  heavenly  bodies;  being  fo 
called,  becaiil'e  the  obferver,  in  ufing  it,  turns  his  face 
forward  or  towards  the  objeft,  in  coiitradiflluflion  to 
the  Back-Half,  ivitli  which  he  turns  his  back  to  the 
objeft.  It  is  alfo  called  the  Crofs-llaff,  becaufe  it  con- 
fills  of  fevcral  pieces  fet  acrofs  a flaff.- 


T'he  Foie-?! all  is  former!  ol  a flrnlglit  fqiiare  Half  A-G-^ 
of  about  3 feet  long,  having  each  of  its  four  fides  gra-^ 
dilated  like  a line  of  tangents,  and  four  croffes,  or 
vanes,  FF,  EE,  DD,  CC,  Hiding  upon  it,  of  unequal 
lengths,  the  halves  of  which  reprefent  tlie  radii  to  the 
lines  of  tangents  on  the  diflerent  Tides  of  the  Half  The 
firft  or  fhortell  of  thefe  vanes,  FF,  is  called  the  Ten 
Crofs,  or  Ten  Vane,  and  belongs  to  the  lofcale,  or 
that  tide  of  the  iiillrument  on  which  divifions  begin  at 
3 degrees,  and  end  at  io.  The  next  longer  crofs,  EE, 
is  called  the  30  Crois,  belonging  to  that  fide  of  the 
Half  where  the  divifions  begin  at  10  degrees,  and  end  at 
30,  called  the  30  fcale.  The  third  vane  DD,  is  called 
the  Go  Crofs,  and  belongs  to  that  fide  where  the  divi- 
fions begin  at  20  degrees,  and  end  at  60.  • The  laff 
or  longell  vaue  CC,  called  the  90  Crofs,  belongs  to  the 
fide  where  the  divifions  begin  at  30  degrees,  and  end 
at  90. 

The  chief  ufe  of  this  iiillrument,  is  to  take  the  height 
of  the  fun,  and  liars,  or  the  dillancO  between  two 
liars  : and  the  lo,  30,  60,  or  90  Crofs  is  to  be  ufed, 
according  as  the  altitude  is  more  or  lefs  ; that  is,  if  the 
altitude  be  lei's  than  10  degrees,  the  10  Crofs  is  to  be 
ufed;  if  above  10,  but  lefs  than  30,  the  30  Crofs  is  to 
be  ufe“d  ; and  fo  on. 

To  ol^'erve  an  Aliihide  with  the  'Fore-flnjf.  Apply 
the  flat  end  of  the  llaff  to  the  eve,  and  Aide  one  of  tliC. 
croffes  backwards  and  forwards  unon  it,  till  over  tlie 
upper  end  of  tlie  Crofs  be  jull  feen  the  centre  of  the 
fun  or  flar,  and  over  the  under  end  the  extreme  hori- 
zon ; then  the  degrees  and  minutes  cut  by  the  crofs  on 
the  fide  of  the  flaff  proper -to  the  vane  in  ufe,  gives  the 
altitude  above  the  horizon. 

In  nie  manner,,  for  tlye  ITiJiance  between  itvo  lum'ina- 
rtes  ; the  Staff  being  fet  to  tlie  eye,  bring  the  crofs  jull 
to  fubtend  or  cover  tliat  dillance,  by  having  the  one 
luminary  juft  at  the  one  end  of  it,  and  the  other  lumi- 
nary at  the  otlier  end  of  it ; and  the  degrees  and  mi- 
nutes, in  the  dillance,  will  be  cut  on  the  proper  fide  of 
the  llaff,  as  before. 

FORMULA,  a theorem  or  general  rule,  or  ex- 
preflion, for  refolving  certain  particular  cafes  of  fomc 
problem,  (See.  So  -f-  {4!  is  a general  Formula  for 
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the  greater  of  two  quantities  wliofe  fum  is  r and  differ- 
ence d ; and  \s  — the  Formula,  or  general  value, 

■ for  the  lefs  quantity.  Alfo  dx  — x'^  is  the  Formu- 
la,  or  general  value,  of  the  ordinate  to  a circle,  whofe 
diameter  is  A ^-'’^d  abfcifs  x. 

FOR-T,  a little  caftle  or  fortrefs;  or  a place  of  fmall 

■ extent,  fortified  either  by  nature  or  art. 

The  Fort  is  ufuaily  encompaffed  with  a moat,  ram- 
part, and  parapet,  to  fecure  fome  high  ground,  or  paf- 
fage  of  a river  ; to  make  good  or  flrengthen  an  advan- 
tageous poll ; or  to  fortify  the  lines  and  quarters  of  a 
fiege. 

Field  otherwife  called  or  Fortlet,  and 

fometimes  is  a fmall  Fort,  built  in  hafle,  for  the 

defence  of  a pafs  or  poll  ; but  particularly  conflrufled 
for  the  defence  of  a camp  in  the  timic  of  a liege,  where 
the  principal  quarters  are  ufuaily  joined,  or  made  to 
communicate  with  each  other,  by  lines  defended  by 
fortins  and  redoubts.  Their  figure  and  fize  are  va- 
rious, according  to  the  nature  of  the  fituatibn,  and  the 
■importance  of  the  fervice  for  which  they  are  intended  ; 
but  they  are  moil  commonly  made  fquare,  each  fide 
about  100  toifes,  the  perpendicular  i‘b,  and  the  faces 

25  ; the  ditch  about  this  Fort  may  b;e  10  or  12  toifes 
v/ide  ; the  parapet  is  made  of  turf,  and  fraifed,  and  the 
ditch  pailifadoed  when  dry.  There  may  be  made  a co- 
vert ^way  about  this  Fort,  or  elfe  a row  ofpallifades 
might  be  placed  on  the  out  fide  of  the  ditch.  Some  of 
thefe  are  fortified  with  baflions,  and  fome  with  demi- 

baftions. A Fort  differs  from  a citadel,  as  this  laft 

iseredted  to  command  and  guard  fome  town;  and  from 
.a  redoubt,  as  it  is  clofed  on  all  fides,  while  the  redoubt 
is  open  on  one  fide. 

Royal  Fort,  is  one  v/hofe  line  of  defence  is  at  leafl 

26  fathoms  long. 

Star  Fort,  is  a fconce  or  redoubt,  conftituted  by  re- 
entering and  faliant  angles,  having  commonly  from  five 
to  eight  points,  and  the  fides  flanking  each  other. 

Ferts  are  fometimes  made  triangular,  only  with  half 
baflions  ; or  of  various  other  figures,  regular  or  irregu- 
lar, and  fometimes  in  the  form  of  a femicircle,  efpecially 
when  they  are  fituated  near  a river,  or  the  fea,  as  at  the 
•entrance  of  a harbour,  for  the  convenience  of  firing  at 
ffiips  quite  around  theiu  on  that  fidcr  In  the  conftruc- 
don  of  ail  Forts,  it  fhould  be  remembered,  that  the 
figure  of  fewefl  Tides  and  bailions,  that  can  probably 
anfwcr  the  propoiFd  defence,  is  always  to  be  preferred  ; 
as  works  on  fuch  a plan  are  fooner  executed,  and  with 
lefs  expence  ; befidcsj  fewer  troops  will  ferve,  and 
they  are  more  readily  brought  together  in  cafe  of  necef- 
fity. 

Fortification,  called  alfo  Military  Architedlure, 
is  the  art  of  fortifying  or  ftrengtliening  a town  or  other 
place,  by  making  certain  rvorks  around  it,  to  fecure  it 
and  defend  it  from  the  attacks  of  -enemies. 

Fortification  has  been  undoubtedly  pradlifed  by  all 
nations,  and  in  all  ages  ; being  at  firfl  doubtlefs.  very 
rade  and  fimple,  and  var^fing  in  its  nature  and  manner, 
according  to  the  mode  of  attack,  and  the  weapons 
made  ule  of.  Thus,  when  villages  and  towns  v/ere 
firfl  formed,  it  was  found  neceffary,  for  the  commmn 
fafety,  to  encompafs  them  with  walls  and  ditches,  to 
prevent  all  violence  aud  fudden  furprifes  from  their 


neighbours.  When  offenfive  and  mifiive  weapons  came 
to  be  ufed,  walls  were  made  as  a defence  againft  the 
affailants,  and  look  holes  or  loop  holes  made  through 
the  walls  to  annoy  the  enemy,  by  fliootiiig  arrows  &c 
through  them.  But  finding  that  as  foon  as  the  enemy 
got  clofe  to  the  walls,  they  could  no  longer  be  feen 
nor  annoyed  by  the  belieged,  thefe  added  fquare  towerg 
along  the  wall,  at  proper  diflances  from  each  other,  fo 
that  all  the  intervening  parts  of  the  wall  might  be  feen 
and  defended  from  the  adjacent  fides  of  the  towers. 
However,  this  manner  of  inclofing  towns  was  found 
to  be  rather  imperfeft,  becaufe  there  remained  ftill  the 
outer  face  of  the  towers  which  fronted  the  field,  that 
could  not  be  feen  and  defended  from  any  other  part. 
To  remedy  this  imperfe6lion,  they  next  made  the 
towers  round  inftead  of  fquare,  as  feeming  better 
adapted  both  for  ftrength  to  refill  the  battering  engines, 
and  for  being  defended  from  the  other  parts  of  the 
wall.  Neverthelefs,  a fmall  part  of  thefe  towers  lliH 
remained  unfeen,  and  incapable  of  being  defended,  for 
which  reafon  they  were  again  changed  for  fquare  ones, 
as  before,  but* with  this  difference,  that  now  they  pre- 
fented  an  angle  of  the  fquare  outwards  to  the  field,  in- 
flead  of  a face  pr  fide  ; and  thus  fuch  a difpofitibn  of  the 
works  was  obtained,  as  that  no  part  could  be  ap- 
proached by  the  enemy  without  being  feen  and  at- 
tacked. 

Since  the  ufe  of  gun-powder,  it  has  been  found  ne- 
ceffary to  add  thick  ramparts  of  earth  to  the  walls, 
and  the  towers  have  been  enlarged  into  bailions,  as  well, 
as  many  other  things  added,  that  have  given  a new  ap- 
pearance to  the  whole  art  of  defence,  and  the  name  of 
Fortification,  on  account  of  the  llrength  afforded  by  it, 
which  was  about  the  year  1500,  when  the  round- 
towers  were  changed  into  baflions.. 

But  notwithftandmg  all  the  improvements^  made  in 
this  art  fince  the  invention  of  gun-powder,  that  of  at- 
tacking is  Hill  fuperior  to  it : the  fuperiority  of  the  be- 
fiegerF  fire,  together  v/ith  the  greater  number  of  men, 
fooner  or  later  compels  the  befieged  to  fubmit.  A fpe- 
cial  advantage  was  added  to  the  art  of  attacking  by  M,, 
Vaiiban,  at  the  fiege  of  Ath,  in  the  year  1,697,  viz, 
in  the  ufe  of  ricochet  firing',  or  at  a low  elevation  of 
the  gun,  by  which  the  fhot  was  made  to  run  and  rolf 
a great  way  along  the  inhde  of  the  works,  to  the  great 
annoyance  of  the  befieged. 

The  chief  authors  who  have  treated  of  Fortification, 
fince  it  has  been  confid'ered  as  a particular  art,  are  the. 
following,  and  moffly  in  the  order  of  timer  viz,  La 
Treille,  Alghifi,  Marchi,  Tafino,  Ramelli,  Cataneo, 
and  Speckle,  who,  as  Mr.  Rpbins  fays,  was  one  o,f 
the  greateft  geniufes  that  has  applied  to  this  art : he- 
was  architedl  to  the  city  of  Strail^urgh,  and  died  in  the 
year  1589  : he  publifned  a treat;fe  on  Fortification  in 
the  German  language,  which  was  reprinted  at  Leipfic 
in  1736.  Afterwards,  Errard,  who  was  engineer  to 
Henry  the  Great  of  France  y Stevimis,  engineer  to  the 
prince  of  Orange  ; with Marolois,  the  chevalier  de 
Ville,  Lorini,  Coehorn,  the  count  de  Fagan,  and  the 
marfhal  de  Vauban;  which  lall  two  noble  authors 
have  contributed  greatly  to  the  perfeclion  of  the  art ; 
befides  Scheiter,  Mallet,  Belidor,  Biondel,  Muller, 
Montalambert,  &c.  Alfo  a lilf  of  feveral  works  on 
the  art  of  Fortification  may  be  added,  as  follows : viz, 
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Melder’s  Praxis  FortiTicatoria  : Les  Fortifications  du 
Comte  de  Pagan  : L’lngenieur  Parfait  du  Sieur  de 
Ville:  Sturmy’s  Architedlura  Militaris  Hypothetical. : 
BlondePs  Nouvelle  Maniere  de  Fortifier  les  Places ; 
The  Abbe  de  Fay’s  Veritable  Maniere  de  Bien  F'orti- 
fier : Vauban’s  Ingenieur.  Francois  : Coehorn’s  Nou- 
velle Fortification  tant  pour  un  Terrain  bas  S:  humide, 
que  fee  Sc  eleve  : Alexander  de  Grotte’s  Fortification  : 
Honatus  Rofelli’s  Fortification:  Medrano’s  Increnieur 
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Frangois  ; The  chevalier  de  St.  Julien’s  Architedlure 
Militaire  ; Lanfberg’s  Nouvelle  Maniere  de  Fortifier  tes 
Places:  An  anonymous  treatife  in  French,  called  Nou- 
velle Meniere  de  Fortifier  les  Places,  tiree  des  Methodes 
du  chevalier  de  Ville,  &;c:  Ozanam’s  Traite  de  Forti- 
fication : Memoires  de  I’Artillerie  de  Surirey  de  St. 
Remy  : Muller’s  treatifes  of  Elementary  and  Pradlical 
Fortification : and  Montalambert’s  Fortification  Per- 
pendiculaire. 

/;/ Fortification.  From  the  nature  and 
circumftances  of  this  art,  certain  general  rules,  or 
maxims,  have  been  drawn,  and  laid  down.  Thefe  may 
indeed  be  multiplied  to  any  extent,  but  the  principal  of 
them,  are  the  following : viz, 

1.  That  the  manner  of  fortifying  fiiould  be  accom- 
modated to  that  of  attacking.  So  that  no  one  manner 
can  be  alTured  always  to  hold,  unlefs  it  be  affured  that  the 
manner  of  beiieging  is  incapable  of  being  altered.  Alfo, 
to  judge  of  the  perteTion  of  a Fortification,  the  miCthod 
of  befieging  at  the  time  when  it  was  built  mull  be  con- 
fidered. 

2.  All  the  parts  of  a Fortification  fiiould  be  equally 
flrong  on  all  tides,  where  there  is  equal  danger  ; and 
they  fiiould  be  able  to  refill  the  mofl  powerful  ma- 
chines ufed  ill  befieginGf. 

3*  A Fortification  fiiould  be  fo  contrived,  as  to  be 
deferided  with  the  feweil  men  pofTible  : which  con- 
fideration,  when  well  attended  to,  faves  a great  deal  of 
exp  dice. 

4.  That  the  defendants  may  be  in  the  better  condi- 
tion, they  mull  not  be  expofed  to  the  enemies’  anil- 
lery;  but  the  aggreffors  mufl  be  expofed  to  theirs. 
Hence, 

5-  All  the  parts  of  a Fortification  fiiould  be  fo  dif- 
poled,  as  that  they  may  defend  each  other.  In  order 
to  this,  every  part  ought  to  be  flanked,  i.  e.  fecn  tide- 
ways, capable  of  being  feen  and  defended  from  fome 
other  part  ; fo  that  there  be  no  place  where  an  enemy 
can  lodge  himfelf,  either  iinleen,  or  under  Ihelter. 

6.  All  the  campaign  around-  mufl  lie  open  to  tlie  de- 
fendants ; fo  that  no  hill  or  eminence  mufl  be  allowed., 
behind  which  the  enemy  might  (belter  hiiniclf  from  the 
guns  of  the  F'ortificatlon  ; or  from  which  he  might  an- 
noy them  wdth  his  own.  Hence,  the  fortrefs  is  to 
command  all  the  place  round  about ; and  confequently 
the  outworks  mull  all  be  lower  than  tlie  body  of  the 
place. 

7.  No  line  of  defence  mufl  exceed  the  point-blank 
muficet-fhot,  w'hickis  from  120  to  150  fathoms. 

8.  Tliemore  acute  the  angle  at  the  centre,  thellronger 
is  the  place  ; as  confilling  of  the  more  Tides,  and.  coii- 
fequently  more  defenfible. 

9.  All  the  defences  fhould  be  as  nearly  direfl  as  pof- 
Jidile. 

IQ.  The  w'orks  that  are  mofl  remote  from  the  centre 
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of  the  place,  ought  always  to  be  open  to  thofe  that  ar<f 
more  near. 

Thefe  are  the  general  laivs  and  views  of  Fortifica- 
tion. As  to  the  particular  ones,  or  fuch  as  refpedl  the 
feveral  members  or  parts  of  the  work;,  they  are  givea 
under  thofe  articles  refpeflively. 

Fortification  is  either  theoretical  or  pradlical. 

Theoretical  Fortification,  confills  in  tracing  the 
plans  and  profiles  of  a work  on  paper,  wdth  fcales  and 
compafl'es  ; and  in  examining  the  fyilems  propofed  by 
different  authors,  to  difeover  their  advantages  and  de- 
fedls.  And 

Fo?>.tification,  confifls  in  forming  a pro- 
jedl  of  a w'ork  according  to  the  nature  of  the  ground, 
and  other  necefiary  circumflances,  tracing  it  on  the 
ground,  and  executing  the  pToje6l,  together  wdth  ail 
the  military  buildings,  fuch  as  magazines,  llorehoufes., 
bridges,  &c. 

Again,  Fortification  is  either  Defenfive  or  Offen- 
five. 

Defenfive  Fortification  is  the  art  of  defending 
a town  that  is  befieged,  wdth  all  the  advantages  the 
Fortification  of  it  will  admit.  And 

Ofenfve  Fortification  is  the  fame  with  the  attack 
of  a place,  being  the  art  of  making  and  condiidling  all 
the  different  w'orks  in  a fiege,  in  order  to  gain  poffeffioa 
of  the  place. 

Fortification  is  alfo  ufed  for  the  place  fortified  ; 
or  the  feveral  works  raifed  to  defend  and  flank  it,  and 
keep  off  the  enemy. 

All  Fortifications  coiififl  of  lines  and  angles,  which 
have  names  according  to  their  various  offices.  The 
principal  lines  are  thofe  of  circumvallation,  of  contra- 
vallation,  of  the  capital,  See.  The  principal  angles  arc 
thofe  of  the  centre,  the  flanking  angle,  flanked  aaglc^ 
angle  of  the  epaule.  See. 

Fortifications  are  either  durable  or  temporary. 

Dcirahle  Fortification,  is  that  which  is  built 
and  intended  to  remain  a long  time.  Such  are  theufual 
Fortifications  of  cities,  frontier  places.  Sec.  And  a 

Temporary  Fortification,  is  that  which  is  eix:6led’ 
on  fome  emerg-ent  occafion,  and  only  for  a fiiorttime. 
Such  are  field-works,  tlirowm  up  for  the  feizing  and' 
maintaining  a poil,  or  paffage  ; thofe  about  camps,  or 
in  iieges ; as  circunivallations,  contravallations,  rcJoubts,^ 
trenches,  batteries.  See. 

Again,  Fortifications  aiT  cither  regular  or  irregu- 
lar.. A 

Reg  ular  Fortification,  Is  that  in.  which  the  baf- 
tions  are  all  equal ; or  wdiich  is  built  in  a regular  poly- 
gon, the  Tides  and  angies-of  which  are  ufiially.  about  a 
mufket  (hot  from  each  other.  A Regular  Fortification, 
having  the  parts  all  equal,  has  the  advantage  of  being 
equally  defenfible  fo.  that  there  are  no  weak  places.. 
And  an 

Irregular  Fortification,  is  that  in  which  the 
haftlons  are  unequal,  and  unlike  ; or  the  fides  and  an- 
gles not  all  equal,  and  equldiffant,.  ’ ' 

In  an  Irregular  Fortification,  the  defence  and 
flrength  being  unequal,  it  is  necefiary  to  reduce  the  ir- 
regular ihape  of  the  ground,  as  near  as  may  be,  tc^a  re- 
gular-figure : i.  e.  by  inferibing  it  in  an  oval,  Infiead  of 
a,  circle;  fo  that  one  half  may  be  fimikr  and  equal  to- 
the  other  half. 
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i1i'/'(:7nVz^F©RTiFiCATiON,  IS  fometiiRes  ufed  for  the  art 
of  raifing  works  on  the  fea  coall  &Cj  to  defend  harbours 
againh  the  attacks  of  lliipping.__See  a neat  treatife 
on  Marine  Fortification,  at  the  end  of  RobertfoiFs 
Elements  of  Navigation. 

There  are,  many  modes  of  Fortification  that  have 
been  much  elfeemed  and  ufed ; a fmall  fpecimen  of  a 
comparative  view  of  the  principal  of  thefe,  is  repre- 
fented  in  plate  x,  viz,  thofe  of  Count  Pagan,  and 
Meff.  Vauban,  Coehorn,  Belidor,  and  Blondel j the 
explanation  of  which  is  as  follows  : 

I.  Pagan’s  Syjlem, 

A Half  Baftions. 

B Ravelin  and  Counterguard. 

C Counterguards  before  the  bailionse 
The  Ditch. 

E The  Glacis. 

G The  place  of  Arms. 

H Retired  Flanks. 
a '^Eine  of  Defence. 

2.  Vanban’ s Syjlem, 

h Angle  of  the  Ballion,  or  Flanked  angle, 

€ Ansfle  of  the  Shoulder, 
d Angle  of  the  Flank. 

€ Saliant  Angle. 
f Face  of  the  baftion. 
g The  Flank. 
h The  Curtain. 
t Tenailles. 

k Traverfes  in  the  covert  way. 

3.  Coehorn’ s Syjlem^ 

1 -Concave  Flanks. 

2 The  Curtains. 

3 Redoubts  in  the  re-entering  angles,, 

4 Traverfes. 

5 Stone  lodgm.ents. 

6 Round  Flanks. 

Redoubt. 

i 

8 Coffers  planked  on  the  fides,  and  above  co- 
vered overhead  with  a foot  of  earth. 

4 Bell  dor’s  Syjlem* 

I Cavaliers. 

K Rams-horns,  or  Tenailles. 

E Retrenchments  within  the  detached  bafiions. 

M Circular  Curtain. 

N The  Ravelin. 

P Lunettes  with  retired  batteries. 

-(^Redoubt.  . . - i* 

R Detached  Redoubt, 

S An  Arrow. 

P Small  Traverfes. 

5.  Blondel’s  Syjlem, 

“I  Retired  Battery. 
m Lunettes. 

.n  Ravelin,  with  Retired  Baftion. 
o Orillons.  " - 

Another,  or  new  method  of  Fortification  has  lately 
been  propofed  By  M.  Montalambert,  called 
tion  Perpeiuliculaire.i  becaufe  the  faces  of  the  works  are 
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made  by  a feries  of  lines  running  zigzag  perpendicular 
to  one  another. 

Projile  of  a Fortification,  is  a reprefentation  of  a 
vertical  fection  of  a work ; ferving  to  fhew  thofe  di- 
menfions  which  cannot  be  reprefented  in  plans,  and 
are  neceflary  in  the  building  of  a Fortification.  The. 
names  and  dimenfions  of  the  principal  parts  are  as  fol- 
' low  (fee  fig,  8,  pi.  vii),  where  the  numbers  or  dimenfions 
are  all  expreffed  in  feet. 

AB  The  level  of  the  ground  plane, 

AC  32  27, 

'CD  = 18,  and  CW  = i6|  ; alfo  DN  is  paral 
to  AB. 

DE  = 30, 

EF  = 2,  FG  rr  3,  GH  = 3,  HI  = 4^  IL  = i|, 
LK  = 18,  KM  = 2|)  NP  = 36,  NO  = c, 

PR  = 7. 

RS  = I,  ST  = 12  or  18,  OV  = 9,  P;i  = 120, 
m'Z  — nu  3,  nic  = 30,  cd  :=  2, 

= h £/*=  3>  fl  — 4l>  pg  = 120,  Ih  = I., 
AW  the  interior  talus  or  dope  of  the  rampart, 

WE,  or  DE  the  terre-plein  of  ditto, 

EG  the  talus,  and  GH  the  upper  part,  of  the  ban- 
quette, 

TIL  the  interior  fide  of  the  parapet, 

EM  the  upper  part  of  ditto, 

N the  cordon  of  i foot  radius, 

NP  the  depth,  andP/z  the  breadth  of  the  ditcli^ 
OQ^interior  fide  of  revetement, 

NR  the  fcai*p  or  exterior  fide  of  ditto, 

ST  the  depth  of  the  foundation, 

YZ  revetement  of  the  parapet, 

■nu  the  counterfearp, 

me  the  covert-way, 

ce  talus  of  the  banquette, 

ef  the  upper  part  of  ditto, 

fh  parapet  of  the  covert-way, 

hg  the  glacis. 

Other  feffions  are  at  fig.  2,  pk  12. 

Fortified  Place,  a Fortrefs,  or  Fortlfica,tion,  i.  e, 
a place  well  flanked,  and  fheltered  with  works, 

Fortin,  or  Portlet,  a diminitive  of  the  word  Fort, 
meaning  a littie’iort,  or  fconce,  called  alfo  Field  Fort. 
Star  Fortin,  is  that  wLofe Tides  flan  keach  other,  Sect 
FORTRESS,.^The  fame  as  Fort,  or  a Fortification. 
FOSTER  (Samuel),  an  Englim  mathematician, 
and  aftronomy  profeflbr  of  Grcfriam-college,  was  born, 
in  Northamptonfliire,  and  admitted  a Sizer  at  Emanueh 
college  Cambridge  in  i'6i6.  He  took  the  degree  of 
bachelor  of  arts  in  1619,  and  of  mailer -in  1623.  He 
applied  early  to  the  mathematics,  and  attained  a great 
proficiency  in  it,  of  which  he  gave  the  firft  fpecimen  in 
;I624,  in  a treatife  on  “The  Ufe  of  the  ^ladrant. 

On  the  death  of  Mr.  Gellibi'and,  he  was  chofen  to 
fucceed  him,  in  1636,  as  aftronomy  profeffor  in  Gre- 
fham-college,  I^ondon.  He  quitted  it  again  however 
the  fame  year,  though  for  what  reafon  does  not  ap- 
pear, and  w'as  fuGceeded  by  Mr.  Miiiigo  Murray,  pro- 
-feiTor  of  philofophy  at 'St. . Andrevv^sin  Scotland.  But 
this  gentleman  marrying,  the  profeiTorfhip  again  Be- 
came vacant,  andlvlr.  Fdfter  was  re-eleAed  in  1641. 

Mr.  Fofter  was  one  of  thofe  gentlemen  who  held  pri- 
vate meetings  for  culuvating  philofophy  and  ufeful 

knowledge, 
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kriowled^e,  wKic^.i  afterwards  crave  rife  to  the  Roval 
society.  In  164.6,  Dr.  Wallis,  who  was  one  of  thofe 
aflbciating  gentlemen,  received  from  Mr.  Fofter  a theo- 
rem de  trianguh  fpha;ncoy  which  he  publilhed  in  his 
J^Iechanics,  Neither  was  it  only  in  this  branch  of 
fcience  that  he  excelled,  but  he  v/as  likewife  well  verfed 
m the  ancient  languages  ; as  appears  from  his  revifmg 
and  correfting  the  of  Archimedes,  which  had 

- been  tranflated  into  Latin  from  an  Arabic  manufcript 
by  Mr.  John  G reaves.  He  made  alio  feveral  curious 
obfervations  upon  eclipfes  of  the  fun  and  moon,  in  va- 
rious places  ; and  was  particularly  noted  for  inventing, 
as  well  as  improving,  aftronomical  and  other  mathema- 
tical inllruments.  After  a long  declining  Hate  of 
health,  he  died  at  Grefliam-college  in  1652. 

His  printed  works  are  as  . follow  ; of  Avhidi  the  firll 
two  articles  were  publifhed  before  his  death,  and  the 
reft  of  them  after  it. 

1.  The  Defcription  and  Ufe  of  a fmallPotiahle^ia- 
dn ant,  for  the  eafy  fnd'tng  the  hour  of  Tl 'zimuth  ^to, 
1624.  Originally  publiihed  at  the  end  of  Gunter’s 
Defcription  of  the  Crofs-Staffe,  as  an  appendix  to  it. 

2.  The  Art  of  Dialling;  ^to,  1638.  Reprinted, 
with  additions,  in  1675. 

3.  Pojlhuma  Fofleri  ; bv  Wingate  ; 4to,  1652.'’ 

, 4.  Four  Trcatifes  of  Dialling  ; 4to,  1654. 

5.  Mifcellanies , or  Mathimaticai  Lucubrations.  Piib- 
lifhed  by  John  Twyfden,  with  additions  of  his  own  ; 
aiid  an  appendix  by  Leybourne;  folio, ..  1659. 

6.  The  Schlor  altered,  and  other  Scales  added,  lAc. 
Publifhed  by  Leybourne  in  1661,  in  4to. 

There  have  been  two  other  perfons  of  the  fame 
name,  who  have  publilhed  fome  mathematical  pieces. . 
Tlie  firll  was, 

William  FOSTER,  who  was.,  a difciple  of  Mr. 
Oughtred,  and  afterward  a teacher  of  the  Mathematics 
in  London.  He  diftmcfuifhed  himfelf  bv  a book, 
which  he  dedicated  to  Sir  Kenelm  Digby,  entitled. 
The  Circles  of  Proportion,  and  the  Horizontal  Injlni- 
v.^nt,  Sic  ; 4to,  1633. — other  was 

Mark  FOSTER,  who  lived  later  in  point  of  time 
than  either  of  the  other  two,  and  publifhed  a treatife 
entitled.  Arithmetical  Trigonometry  : being  the  folution  of 
Gil  the  ufual  Cajes  in  Plain  Trigonometry  by  Common 
Arithmetic,  auithovt  any  tables  auhatfoever,  12  mo,  1690. 

FOUNDATION,  that  part  of  a building  which  is 
underground  ; or  the  mafs  which  fupports  a building, 
and  upon  which  it  Hands  : or  it  is  the  coffer  or  bed 
dug  below  the  level  of  the  ground,  to  raife  a building 
upon. 

FOUNTAIN,  in  Philofophy,  a fpring  or  fource  of 
vvater  rifing  out  of  the  Ground.  See  Sp.ring. 

Fountain,  or  Artificial  Fountain,  in  Hydraulics, 
a machine  or  contrivance  by  which  water  is  violently 
fpouted  or  darted  up  ; called  alfo  a Jet  d’eau. 

There  are  various  kinds  of  Artificial  Fountains,  but 
all  formed  by  a prefflire  of  one  fort  or  another  upon  the 
water  &c,  viz,  either  the  preiTure  or  weight  of  a head 
of  water,  or  the  preffure  arifing  from  the  fpring  and 
elafficityof  the  air,  &c.  When  thefe  are  formed  by 
the  preffure  of  a head  of  Avater,  or  any  other  fluid  of  the 
fame  kind  with  the  Fountain,  or  jet,  then  Avill  this 
fpout  up  nearly  to  the  fame  height  as  that  head,. abating 
only  a little  for  the  refiHance  of  the  air,  AAntli  that  of 


the  adjutage  &c,  in  the  fluid’s  raffling  through  ; biitj^ 
Avhen  the  Fountain  is  produced  by  any  other  force  than 
the  preffure  of  a column  of  the  fame  fluid  Avith  itfelf,  it 
Avill  rife  to  fuch  a height  as  may  be  nearly  equal  to  the 
altitude  of  a column  of  the  fame  fluid  whofe  preffure  is 
equal  to  the  given  force  that  produces  the  fountain. - 

To  Confriicl  an  Artificial  F'ountain,  playing  by  the 
preffure  of  the  nvater.  This  is  to  be  clfeAed  by  making 
a dole  conneflion  betAveen  a head  or  elevated  piece  of 
AAuiter,  and  the  lower  place,  Avhere  the  Fountain  is  to 
play  ; AA^hich  may  be  done  in  this  manner : Having  a 
head  of  Avater,  naturally,  or,  for  Avant  of  fuch,  make 
an  artificial  one,  railing  the  Avater  by  pumps,  or  other 
machinery  ; 'from  this  head  convey  tlie  Avater  in  clofe 
pipes,  in  any  dlredion,  down  to  the  place  Avhere  tlie 
Fountain  is  to  play  ; and  there  let  it  ifuie  through  an  ad- 
jutage, or  fmall  hole,  turned  upwards,  by  Avhich  means 
it  Avill  fpout  up  nearly  as  high  as  the  head  of  the  vvater 
comes  Lorn,  as  above  mentioned. 

To  Conjlrud  an  Artifcial  Fountain',  playing  by  tl-e 
fpring  or  elafticity  of  the  airJ  A vellel  proper  for  a re- 
fervoir,  as  AB,  fig.  4,  plate  vili,  is  provided  either  of 
metal,  or  glafs,  or  the  like,  ending  in  a fmall  neck  c, 
at  the  top  : tlirough  this  neck  is  put  a tuber-Z,  till  the 
lower  end  come  near  the  bottom  of  the  veffel,  this  being 
about  half  full  of  Avater.  The  neck  is  fo  contrived,  as- 
that  a fyringe,  or  condenfing  pipe,  may  be  Icrewed  upon 
the  tube  ; by  means  of  Avhich  a large  quantity  of  air 
may  be  intruded  through  the  tube  into  the  Avater,  cut 
of  Avhlcli  it  Avill  difeneraTe  itfelf,  and  emerofc  into  tlie 
Amcant  part  of  the  A'efl'el,  and  He  over  the  furface  of  the 
AA'ater  CD. 

Now,  the  vAmter  in  the  vcffel  being  thus  preffed  • 
by  the  air,  Avhich  is,  for  ex.  double  the  denfity  of  the 
external  air  ; and  the  elaftic  force  of  air  being  propor- 
tional to  its  denfity,  or  to  its  gravitating  force,  the  ef- 
fettl  will  be  the  fame,  as  it  the  Aveight  of  tlie  column 
of  ah',  over  the  furface  of  the  vvater,  were  double  that 
of  tlie  column  prefilng  in  the  tube  ; fo  that  the  water 
muff  be  forced  to  Ipout  up  through,  when  the  fyiingc 
is  removed,  Avith  a force  equal  to  the  excels  of  preffure 
of  the  included  air,  above  that  of  the  external,  that  is,  in 
this  iiiHance,  Avith  a force  equal  to  the  preffure  of  an 
entire  column  of  the  atmofphere  ; which  being  equal 
to  the  preffure  of  a column  01*  3 3 or  34  feet  of  water,  it 
follows  that  the  Fountain  will  play  to  nearly  33  or  34 
feet  high. 

Thefe  aereal  or  aquatic  Fountains  may  be  applied  in 
different  ways,  lo  as  to  exhibit  various  appearances  ; 
an  1 from  theie  alone  arifes  the  greateH  part  of  pur  arti- 
ficial water-AA'orks  ; even  the  en;rine  for  extin^juifliinsf 
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fire,  Is  a Fountain  playing  by  the  force  of  confined 
air. 

A Fountain  f pouting  the  nvatcr  in  various  direblions, 
Suppofe  AB  the  veriical  tube,  or  fpout,  in  Avhich  thcAv^a- 
ter  rifes,  ( fig.  5 , pi.  viii) : into  this  let  feveral  other  tubes 
be  fitted;  fome  horizontal,  others  oblique,  or  inclining, 
or  reclining,  &c,  as  at  E,  FI,  I.,  N,  P,  &c.  Then, 
as  all  water  retains  tlie  dircbllon  of  the  aperture  through 
which  it  comes,  that  Iffuing  through  A will  rife  per- 
pendicularly ; and  the  rcH  will  tend  different  ways, 
deferibing  arches  of  different  magnitudes. 

Or  thus:  Suppofe  the  vertical  tube  AB  (fig.  6) 
through  which  the  vrater  rifes,  to  be  Hopped  at  the 

top^ 
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top,  as  in  A;  and,  inftead  of  pipes  or  cocks,  let  it  be 
only  perforated  with  little  holes  all  around  or  only  half 
round  its  furface  ; then  will  the  water  fpin  out,  in  all  di- 
redlions,  through  the  little  holes,  to  difierent  dif- 
tances. 

And  hence,  if  the  tube  AB  be  about  the  height  of  a 
man,  and  having  a turn-cock  at  C’^  upon  opening  this 
cock,  the  fpectators  will  be  fprinkled  unexpectedly 
with  a fliOAver. 

Fountain  playing  by  drawing  the  breath,  S uppo fe  A B 
(fig.  8,  plate  vi),  a globe  of  glafs,  or  metal,  in  which 
is  fitted  a tube  CD,  having  a frnall  orifice  in  C,  and 
reaching  almofl  to  D,  the  bottom  of  the  globe.  Then 
if  the  air  be  fucked,  or  drawn- with  the  mouth,  out  of 
the  tube  CD,  and  the  orifice  C be  immediately  im- 
merged  under  cold  w’^ater,  the  water  v/ill  afcend  through 
the  tube  into  the  fphere.  Thus  proceeding,  by  re- 
peated exfuftions,  till  the  vefiel  be  above  half  full  of 
water  ; then  applying  the  mouth  to  C,  and  blowing 
air  into  the  tube,  upon  removing  the  mouth,  the  water 
will  fpout  forth. 

Or,  if  the  globe  be  put  into  hot  water,  the  air 
being  thus  rarefied,  will  make  the  w^ater  fpout  as  be- 
fore. 

And  this  kind  of  Fountain  is  called  Pila  Fleronis,  or 
Hero’s  Ball,  from  the  name  of  its  inventor. 

Fountain,  nvhofe Jlream  ratfes  and  plays  a brafs  balU 
Provide  a hollow  brafs  ball  A (fig.  -9,  pi.  vi),  made 
very  thin,  -that  its  w^eight  may  not  be  too  great  for  the 
force  of  the  w^ater  ; and  let  the  tube  BC,  through 
which  the  water  rifes,  be  exaClly  perpendicular  to  the 
horizon.  Then  the  ball,  being  laid  in  the  bottom  of  the 
cup  or  bafon  B,  will  be  taken  up  in  the  ftream,  and 
fuflained  at  a confidei'cible  height,  playing  a little  up 
and  dowm. 

Fountain  which  fpouts  water  In  form  of  a fcower. 
To  the  tube  in  wdiich  the  waiter  is  to  rife,  fit  a fpheri- 
c.d,  or  lenticular  head  AB  (fig.  i,  pi.  xi)  made  of  a 
plate  of  metal,  and  perforated  at  tlie  top  with  a great 
number  of  little  holes.  The  wrater  rifing  violently  to- 
wards AB,  wdil  be  there  divided  into  innumerable  little 
threads,  and  afterwrards  broken,  and  difperfed  into  the 
finell  drops. 

Fountain  which  fpreads  the  water  in  form  of  atable- 
(loih.  To  the  tube  AB  (fig.  2,  pi.  xi)  folder  tw'^o 
fpherical  fegments,  C and  D,  almofl  touching  each 
other,  wdth  a ferew  E,  to  contraCl  or  amplify  the  in- 
terilice  or  chink,  at  pleafiire.  Some  choofe  to  make  a 
fmooth  and  even  cleft,  in  a fplierical  or  lenticular  heaid, 
fitted  upon  the  tube.  The  ivater  fpouting  through  this 
chink  or  cleft  wull  expand  itfeli  like  a cloth. — And  thus, 
the  fountain  may  be  made  to  fpout  out  in  the  figure  of 
men,  or  other  animals. 

Fountain,  which  ^ when  it  has  done  fpouting^  may  be 
turned  like  an  hoiir-glafs.  Pixivide  two  glaffes,  A and 
B,  (hg.  pi.  xi)  to  be  fo  much  the  larger  as  the  foim- 
fai(i  is  to  play  the  longer,  and  placed  at  fo  much  the 
'greater  diftance  from  each  other  as  the  w^ater  is  delired 
to  fpout  the  higher.  Let  CDE  be  a crooked  tube, 
furnifhed  in  E with  a jet  ; and  GFII  another  bent  tube, 
furniflied  with  a jet  in  I : GF  and  KL  are  to  be  other 
leffer  tubes,  open  at  bQth  ends,  and  reaching  near  the 
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bottom  of  the  velTels  A and  B,  to  wblcli  the  tubes  CD- 
and  GH  are  lii^LCwife  to  reach. 

Now  if  the  veffel  A be  filled  water,  it  will 

defeend  through  the  tube  CD  ; and  it  wn'll  fpout  up 
through  the  jet  E,  by  the  preffure  of  the  column  of ' 
water  CD.  But  unlefs  tlie  pipe  GF  were  open  al  G, 
to  let  the  air  run  up  to  F,  and  prefs  at  the  top  of  tlie 
fiirface  of  the  water  in  the  cavity  A,  the  w-ater  could  not 
run  dowm  and  fpout  at  E.  After  its  fall  again,  it  will 
fink  through  the  little  tube  KE,  into  the  veffel  B,  and 
expel  the  air  througli  the  tube  GI.  At  length,  when 
all  the  water  is  emptied  out  of  the  veffel  A,  by  turning 
the  macldne  upfide  dowui,  the  vefTei  B will  be  the  refer- 
voir,  and  make  the  water  fpout  up  through  the  jet  I, 
the  pipe  KL  fupplying  B with  air  to  let  the  water  de- 
feend in  the  direblion  GHI. 

Hence,  if  the  veifels  A and  B contain  juft  as  much  wa- 
ter as  wall  be  fpouted  up  in  an  hour’s  time,  we  (hall 
have  a fpouting  clipfydra,  or  vrater-clock  ; wdiich  may 
be  graduated  or  divided  into  quarters,  minutes,  &c. 

Fountain  of  Command.  This  depends  on  the  Em c 
principles  wuth  thofe  of  the  former:  CAE  (fig.  4,  pi. 
xi)  is  a veffel  of  rrater  fecured  arainil  the  entrance  of 
the  air,  except  through  the  pipe  GF,  vehen  the  cock 
C,  by  which  it  is  filled,  is  flint.  There  is  another  pqic 
EDHB,  going  from  the  bottom  of  the  w-ater  to  the 
jet  B in  the  bafon  DB  ; but  this  is  flopped  by  the  cock 
H.  At  the  loweft  part  of  the  bafon  DB,  there  is  a 
fmall  hole  at  I,  to  let  the  ivater  of  the  bafon  DB  run 
into  the  bafon  GH  Under  it  ; there  is  alio  a fmall  tri- 
angular hole  or  notch,  in  the  bottom  of  the  pipe  FG, 
at  G.  Turn  the  cock  H,  and  the  fountain  will  play 
for  fome  time,  then  flop,  then  play  again  alternately 
for  feveral  times  together.  When  thofe  times  of  play- 
ing and  flopping  are  knowm  before  hand,  Aron  may 
command  the  Fountain  to  play  or  flop ; whence  its 
name.  The  caufe  of  this  phenom  enon  is  as  follows  ; 
the  wrater  coming  down  the  pipe  EDFIB,  would  not 
come  out  at  B,  if  the  air  Sr,  above  the  water,  were 
not  fupplied  as  it  dilated : new’-  it  is  fupplied  by  the  pipe 
GF,  which  takes  it  in  at  the  notch  G,  and  delivers 
it  out  at  F ; but  after  fome  tim.e  the  water,  wbich  w'as 
fpouted  out  at  B,  falling  down  into  the  bafon  DB, 
riles  high  enough  to  come  above  the  notch  G,  wdiich 
hops  the  paflage  of  the  air  ; fo  that  the  air  Sr,  above 
the  wmter  in  the  veffel  CAE,  wanting  a fupply,  "cannot 
fufficlently  prefs,  and  the  Fountain  ceafes  playing; 
But  wdien  the  water  of  DB  has  run  dorvn  into  the  lower 
bafon  GH,  through  the  hole  I,  till  it  falls  below^  the 
top  of  the  notch  G,  the  air  runs  up  into  the  upper  re- 
ceptacle, and  fupplies  that  at  Sr,  and  the  Fountain 
plays  again.  This  is  feen  a little  before  hand,  by  a Kin 
of  water  on  the  notch  G,  before  the  air  Ends  a paffage, 
and  then  you  may  command  the  Fountain  to  play.  It 
is  evident  that  the  hole  I muff  be  lefs  than  the  hole  of 
the  jet,  or  elfe  all  the  water  w'ould  run  out  into  the 
low-er  bafon,  without  rifing  high  enough  to  flop  the 
notch  G. 

FounTx-vin  that  begins  to  play  upon  the  lighting  of 
candles y and  ceafes  as  they  go  out.  Provide  tAvo  cylindri- 
cal vefftls,  AB  and  CD,  (fig.  7,  pi.  xi.)  connedt  them 
by  tubes,  open  at  both  ends,  KL,  BE,  See,  fo  that 
the  air  may  defeend  out  of  the  higher  into  the  lower: 

to 
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to  tlie  tubes  folder  candlefticks,  H,  kc,  and  to  the  hol- 
low cover  of  the  lower  veffel  CE,  fit  a little  tube  or 
jet,  FG,  furnifhed  with  a cock  G,  and  reaching  almofl 
to  the  bottom  of  the  veffel.  In  G let  there  be  an  aper- 
ture, furnifhed  with  a fcrew,  by  which  water  may  be 
poured  into  CD.  Then,  upon  lighting  the  candles  H, 
&c,  the  air  in  the  contiguous  tubes  becoming  rarefied 
by  the  heat,  the  water  will  begin  to  fpout  through  GF. 

' By  the  fame  contrivance  may  a ifatue  be  made  to 
fhed  tears  upon  tlie  prefence  of  the  fun,  or  on  the  light- 
ing of  a candle^  See  : all  that  is  here  required,  being 
only  to  lay  tubes  from  the  cavity  where  the  air  is  rare- 
fied, to  fonie  other  cavities  placed  near  the  eyes,  full  of 
water. 

yl  Fountain  3y  the  Rarefadlon  of  the  air,  may  be 
made  in  the  following  manner  ; Let  AB  and  CD,  fig. 
5,  pi.  xi,  be  two  pipes  fixed  to  a brafs  head  C,  made 
to  fcrew  into  a glafs  veffel  E,  which  liaving  a little 
water  in  it,  is  inverted  till  the  pipes  are  ferewed  on  ; 
then  reverting  it  fuddenly,  fo  as  to  put  A,  the  lower 
end  of  the  fpouting  pipe  AB,  into  a jar  of  water  A, 
and  the  lower  end  of  the  defeending  pipe  CD,  into  a 
receiving  veffel  D,  the  water  will  Ipout  up  from  the 
jar  A into  the  tall  glafs  veffel  E,  from  which  it  will  go 
down  at  the  mouth  C,  through  CD,  into  the  veffel  D, 
till  the  water  is  wholly  emptied  out  of  A,  making  a 
Fountain  in  E,  into  D.  The  reafon  of  the  play  of  the 
Fountain  is  this  : the  pipe  CD,  being  2 feet  9 iMches 
long,  lets  down  a column  of  water,  which  rarefies  the 
air  I -1 2th  part  in  the  veffel  E,  where  it  preffes  againfl 
the  water  fpouting  at  B with  i-i2th  of  the  force  by 
which  the  water  is  pufhed  up  at  the  hole  A,  by  the 
preffure  of  the  common  air  on  the  water  in  the  veffel 
A ; fo  that  the  water  fpouts  up  into  E,  when  the  air 
is  rarefied  i-i2th,  with  the  difference  of  the  preffure  of 
the  atmofphere,  and  the  forementioned  rarefied  air  ; 
i.  e.  of  33  to  2{-,  or  of  12  to  r.  This  would  raife  the 
water  2 feet  9 Inches  ; but  the  length  of  the  pipe  A, 
of  9 inches,  being  deducled,  the  jet  will  only  rife  2 
feet.  This,  fays  Defaguliers,  may  be  called  a fyphon 
Fountain,  where  AB  is  the  driving  leg,  and  CD  the  if- 
fulim  leij. 

Fount -4  IN  of  Hero  of  Alexandria,  fo  called,  becaufe 
it  was  contrived  by  him.  In  the  fecond  Fountain 
above  deferibed,  the  air  is  compreffed  by  a fyringe  ; in 
this,  (fee  fig.  6,  pi.  xi)  the  air,  being  only  compreffed 
by  the  concealed  fall  of  water,  makes  a jet,  which,  after 
fome  continuance,  is  confidered  by  the  ignorant  as  a 
perpetual  motion  ; becaufe  they  imagine  that  the  fame 
water  which  fell  from  the  jet  rifes  again.  Tlie  boxes 
CE  and  DYX,  being  clofe,  we  fee  only  the  bafon 
ABW,  with  a hole  at  W,  into  avhich  the  water  fpout- 
ing at  B falls  ; but  that  water  does  not  come  up  again  ; 
for  it  runs  down  through  the  pipe  WX  into  tlie  box 
DYX,  from  whence  it  drives  out  the  air,  through  the 
afeending  pipe  YX,  into  tlie  cavity  of  the  box  CE, 
wliere,  prelfing  upon  the  water  that  is  in  it,  it  forces  it 
out  through  tlie  fpouting  pipe  OB,  as  long  as  there  is 
any  water  in  CE  ; fo  that  this  \yhole  play  is  only  -whilfl: 
the  water  contained  in  CE,  having  fpouted  out,  falls 
down  through  the  pipe  WX,  or  of  the  boxes  CE  and 
DY  above  one  another  ; the  height  of  the  water, 
meafured  from  the  bafon  ABW  to  the  furface  of  the 
water  in  the  lower  box  DYX,  is  always  equal  to  the 
yi>L.  1. 


height  meafured  from  the  top  of  the  jet  to  >he  fiirfcice 
of  the  water  in  the  middle  cavity  at  CE.  Now,  fince 
the  furface  CE  is  always  falling,  and  the  water  in  DY 
always  rifing,  the  height  of  the  jet  niuft  continually  de- 
creafe,  till  it  is  Ihortcr  by  the  depth  of  the  cavity  CE, 
which  is  emptying,  added  to  the  depth  of  die  cavity 
DY,  which  is  always  filling  ; and  m hen  the  jet  is  fallen 
fo  low,  It  immediately  ceafes.  The  air  is  reprefeated 
by  the  points  in  this  figure. 

To  prepare  this  Fountain  for  playing,  whieh  fliould 
be  done  unobfeiwed,  pour  in  water  at  W,  till  the  cavitv 
DXY  is  filLd  ; tlien  invert  the  Fountain,  and  the 
water  will  run  from  the  cavity  DXY  into  the  cavitv 
CE,  which  may  be  known  to  be  full,  when  the  water 
runs  out  at  B held  down.  Set  the  Fountain  up  again, 
and,  to  make  it  play,  pour  in  about  a pint  of  water  into 
the  bafon  ABW  ; and  as  foon  as  it  has  filled  the  pipe 
WX  it  win  begin  to  play,  and  continue  as  long  as  there 
!s  any  water  in  CE.  You  may  then  pour  back  the 
water  left  In  the  balon  ABAY,  into  any  veffel,  and  in- 
vert the  Fountain,  which,  being  fet  upright  again,  will 
be  made  to  }>lay,  by  putting  back  the  water  poured 
out  Into  ABW  ; and  fo  on  as  often  as  you  pleafe. 

Spouting  Fountain,  or  Jet  d’Eau,  Is  any  Fountain 
whofe  water  Is  darted  forth  impetuoufly  through  jets, 
or  ajutages,  and  returns  in  form  of  rains,  nets,  folds,  or 
the  like. 

Fountain-T<?a/,  Is  a pen  contrived  to  contain  a quan- 
tity of  ink,  and  let  it  flow  very  gently,  fo  as  to  fiipply 
the  writer  a long  time  without  the  neceffity  of  taking 
frefii  ink. 

The  Fountain-pen,  reprefented  fig.  8,  pi.  xi,  confifL 
of  divers  pieces  of  metal,  F,  G,  H,  the  middle  piece  F 
carrying  the  pen,  which  is  ferewed  into  the  inlide  of  a 
little  pipe ; and  this  again  Is  foldered  into  another 
pipe  of  the  fame  fize  as  the  lid  G ; in  which  lid  is 
foldered  a male  fcrew,  for  ferewing  on  the  cover  ; as 
alfo  for  Hopping  a little  hole  at  the  place,  and  hinder- 
ing the  ink  from  pafling  through  it : at  the  other  end 
of  the  piece  F is  a little  pipe,  on  the  outfide  of  which 
may  be  ferewed  the  top  cover  H.  A porte-craioii 
goes  in  the  cover,  to  be  ferewed  Into  the  laft -mentioned 
pipe,  to  flop  the  end  of  the  pipe  into  whieh  the  ink 
is  to  be  poured  by  a funnel. 

To  ufe  the  Pen,  the  cover  G miifl  be  taken  off, 
and  the  pen  a little  fiiakcn,  to  make  the  ink  run  more 
freely. 

FOURTH,  in  Mufic,  one  of  the  harmonic  intervals, 
or  concords.  It  confifts  in  the  mixture  of  two  founds, 
which  are  in  the  ratio  of  4 to  3 ; i.  e.  of  two  founds 
produced  by  chords,  whofe  lengths  arc  to  each  other 
as  4 to  3. 

FRACTION,  or  Bnjken  Number,  in  Arithmetic 
and  Algebra,  is  u }):r.  t,  or  fome  parts,  of  another  num- 
ber or  quantity  confidered  as  a wiiole,  but  divided  into 
a certain  number  of  parts  ; as  3-4th8,  which  denotes  3 
parts  out  of  4,  of  any  quantity. 

Fradtioiis  are  ufually  diiided  into  A'^ulgar,  Decimal, 
Duodecimal,  and  Sexagefimal.  For  the  lafl  three  forts, 
fee  the  refpedtivc  words. 

Vulgar  Fractions,  called  alfo  firaple  Fracliam,  arc 
ufually  denoted  by  two  numbers,  the  one  let  under  the 
other,  with  a finall  line  between  them  : tiius  I-  denotes 
the  Fraction  three-fourlhs,  or  3 parts  out  of  4,  of  fome 
3 T -wholt 
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whole  quantity  confidered  as  divided  mto  4 equal 
parts. 

The  lower  number  4,  is  called  the  Denominator  of 
the  Fradlion,  (hewing  into  how  many  parts  the  whole 
or  integer  is  divided  ; and  the  upper  number  3,  is  called 
the  Numerator,  and  fliews  how  many  of  thofe  equal 
parts  are  contained  in  the  Fradlion.  Hence  it  follov/s, 
that  as  the  numerator  is  to  the  denominator,  fo  is  the 
Fradlion  itlelf,  to  the  whole  of  which  it  is  a Fraction  ; 
or  as  the  denominator  is  to  the  numerator,  fo  is  tlie 
whole  or  Integer,  to  the  Fraction  : thus,  the  integer 
being  denoted  by  i,  a'^  4 : 3 : : i : the  Fraction. — ^ 
And  hence  there  mav  be  innumerable  Fractions  all  of 
the  fame  value,  as  there  may  be  innumerable  quantities 
all  in  the  famie  ratio,  viz,  of  4 to  3 ; fuch  as  8 to  6,  or 
12  to  9,  &c.  So  that  if  the  two  terms  of  any  Fraction 
i,  e.  the  num.erator  and  denominator,  be  either  both 
multiplied  or  both  divided  by  any  number,  the  refulting 
Fraction  will  flill  be  of  the  fame  value  : thus,  or  | or 
tu  are  all  of  the  fame  value  with  each  other. 

Fractional  expreffions  are  ufually  diftinguifhed  into 
Proper  and  Improper,  Simple  and  Compound,  and 
Mixt  Numbers. 

A Proper  Fraction,  is  that  whofe  numerator  is  lefs 
than  the  denominator  ; and  confequently  the  Fradlion 
is  lefs  than  the  whole  or  integer ; as  f. 

Improper  Fraction,  is  when  the  numerator  is  either 
equal  to,  or  greater  than,  the  denominator  ; and  confe- 
quently the  Fraction  either  equal  to,  or  greater  than, 
the  whole  integer,  as  which  is  equal  to  the  whole  ; 
or  which  is  greater  than  the  whole. 

Fractions,  or  Single  Fractions,  are  fuch  as 
confiit  of  only  one  numerator,  and  one  denominator  ; 
as  or  I,  or  -Jf. 

Compound  Fractions  are  Fradfions  of  Fradtions, 
and  confift  of  feveral  Fradtions,  connedted  together  by 
the  word  of:  as  f of  or  ^ of  | of 

A Mixt  Number  coniilts  of  an  integer  and  a Fradtion 
joined  together ; as  if,  or  123. 

The  arithmetic  of  Fradlions  confifls  in  the  Reduc- 
tion, Addition,  Subtradlion,  Multiplication,  and  Divi- 
fion  of  them. 

Reduclion  (^Fractions  is  of  feveral  forts  ; as  i.  To 
reduce  a given  nvhole  number  into  a Fraction  of  any  given 
denominator.  Multiply  the  given  integer  by  the  pro- 
pofed  denominator,  and  the  produdt  will  be  the  nume- 
rator. Thus,  it  is  found  that  3 = and  5 = or 

7 — /5  • 

If  no  denominator  be  given,  or  it  be  only  propofed 
to  exprefs  the  integer  Fradtion-wife,  or  like  a Frac- 
tion ; fet  I beneath  it,  for  its  denominator.  So 
3 = |,  and  5 = 4,  and  7 = |. 

2.  To  reduce  a given  FraBion  to  another  FraBion  equal 
to  tty  that  Jloall  have  a given  denominator.  Multiply  the 
numerator  by  the  propofed  denominator,  and  divide  the 
produff  by  the  former  denominator,  then  the  quotient 
let  over  the  propofed  denominator  will  form  the  Frac- 
tion required.  Thus,  if  it  be  propofed  to  reduce  | to 
an  equal  Fra£lion  whofe  denominator  (hall  be  8 ; then 
3X8  = 24,  and  24  q-,4  m 6 the  numerator,  fo  that 
\ is  the  Fradlion  fought,  being  = -I,  and  having  8 for 
its  denominator. 

3.  To  Ahhreviatey  or  reduce  Fractions  to  lovoer  terms* 


Divide  their  terms,  i.  e.  numerator  and  denominator,  by 
any  number  that  will  divide  them  both  without  a remain, 
der,  fo  fnall  the  quotients  be  the  correfponding  terms 
of  a new  Fradlion,  equal  to  the  former,  but  in  fmaller 
numbers.  In  like  manner  abbreviate  thefe  new  terms 
again,  and  fo  on  till  there  be  no  number  greater  than  i 
that  will  divide  them  without  a remainder,  and  then  the 
Fraed:ion  is  faid  to  be  in  its  leaft  terms.  Thus,  to  ab- 
breviate 4-3  j IFll  divide  both  terms  by  5,  and  the 
Fradtion  becomes  ; next  divide  thefe  by  3,  and  it  be- 
comes I : fo  that  = A = which  is  in  its  leail 
terms. 

4.  To  reduce  FraBions  to  other  equivalent  ones  of  the 
fame  denominator.  Multiply  each  numerator,  feparateiy 
taken,  by  all  the  denominators  except  its  own,  and  the 
produdls  will  be  the  new  numerators  ; then  multiply 
all  the  denominators  continually  together,  for  the  com- 
mon denominator,  to  thefe  numerators.  Thus,  | and 

4 reduce  to  -ff  and  4^  ; and  -f,  and  f reduce  to 

d 5 4 s 
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5.  To  f nd  the  value  of  a FraBion,  in 
the  hno^vn  parts  of  its  integer.  Multiply 
always  the  numerator  by  the  number 
of  parts  of  the  next  inferior  denomina- 
tion, and  divide  the  produdts  by  the  de- 
nominator. So,  to  find  the  value  of  fg 
of  a pound  fterling;  multiply  9 by  20  for 
(hillings,  and  dividing  by  16,  gives  ii 
for  the  (hillings  ; then  multiply  the  re- 
mainder 4 by  12  pence,  and  dividing 
by  16  gives  3 for  pence  ; fo  that 
IIS.  3d.  is  the  value  of  fgl.  as  requir- 
ed. 

6.  To  reduce  a mixt  number  to  an  equivalent  improper 
FraBion.  Multiply  the  integer  by  the  denominator, 
and  to  the  produdt  add  the  numerator,  for  the  new  nu- 
merator, to  be  fet  over  the  fame  denominator  as  before. 
Thus  3 1 becomes 

7.  To  reduce  an  improper  FraBion  to  its  equivalent 

whole  or  mixt  number.  Divide  the  numerator  by  the 
denominator;  fo  (hall  the  quotient  be  the  integral  part, 
and  the  remainder  fet  over  the  denominator  wiU  form 
the  fradhional  part  of  the  equivalent  mixt  number. 
Thus  'A  reduces  to  3-I,  and  8. 

8.  To  reduce  a compound  FraBion  to  a fimple  one* 
Multiply  all  the  numerators  together  for  the  numera- 
tor, and  all  the  denominators  together  for  the  denomi- 
nator, of  the  fimple  Fradtion  fought.  Thus,  ^ oi 
= I,  and  I of  4 of  4 = JN. 

To  reduce  a Vulg-ar  Fradtion  to  a decimal.  See 
Dec  iMALS.  And  for  feveral  other  particulars  concern- 
ing Redudtion,  as  well  as  the  other  operations  in  Frac- 
tions ; fee  my  Arithmetic. 

Addition  of  Fractions.  Firft  reduce  the  Fradtions 
to  their  fimpleft  form,  and  reduce  them  alfo  to  a common 
denominator,  if  their  denominators  are  different ; then 
add  all  the  numerators  together,  and  fet  the  fum  over 
the  common  denominator,  for  the  fum  of  all  the  Frac- 
tions as  required. 

Thus,  f-  -f-  f = 4 = I ; 

And  f + I = + 41==  It  = HV* 

SubtraBion  Fraction  s.  Reduce  the  Fradtions  the 
fame  as  for  addition ; then  fubtradl  the  one  numerator 

from 


9 

20 


16) 180  (ii 
16 


20 

16 

12 


16)48(3/ 

48 
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from  tlie  otlier,  and  fet  the  difference  over  the  common 
denominator. 

So 

Aina  ^ — j — 

^0  Multiply  Fractions  together.  Reduce  them  all 
to  the  form  of  fimple  Fraftions,  if  they  are  not  fo  ; then 
multiply  all  the- numerators  together  for  the  numerator, 
and  all  the  denominators  together  for  the  denominacor 
of  the  producf  fought. 

Thus  I X i — .V ; 

Anrl’^v^v  7 — tCS  — ;i  — 7 

^xiiu.  ^ — TFo"  — 7 >T  — SI' 

7^0  Diniiile  Fractions.  Divide  the  numerator  by 
the  numerator,  and  the  denominator  by  the  denomina- 
tor, if  they  will  exaflly  divide.  Thus,  -f-  ^ 

But  if  they  will  not  divide  without  a remainder,  then 
multiply  the  dividend  by  tlie  reciprocal  of  the  divifor, 
that  is,  by  the  Fraction  obtained  by  inverting  or  cliang- 
ing  its  terms.  Thus,  ~ rr:  y 3-  X f = |f. 

Algehraic  Fractions,  or  Fractions  'm  Species^  are 
cxaAly  fimilar  to  vulgar  Fraflions,  in  numbers,  and  all 
the  operations  are  performed  exactly  in  the  fame  way  ; 
therefore  the  rules  need  not  be  repeated,  and  it  may  be 
fufiicient  here  to  fet  down  a few  examples  to  the  fore- 
rules. Thus, 

The  Frafllon  — — abbreviates  to  — . 

DC  e 

6a^  — gax'^  20^  — , t • , 

2.  — — , by  dividing  by  3^7. 


going 


I. 


6 if-  -f  2 a -T  X 


a 


3 _ 


a'^x  + ax 


1 — v3 


a.-  "F  .V 


.2 


a 


X. 


a-  — ax  a 

See  Common  Meafure. 


by  dividing  by 


4* 


4 and 
b 


d 


become 


/ 


at 


hd 


he 


and  -p,  when  reduced  to 
Id 


a common  denominator. 
'a  c ad  -F  he 

b 


5* 

6. 


8. 


a 

X 

a 

'b 

a 


bd 

a%  — bx 


x% 


c 

7/ 

h 


ac 

Td' 

a 


X ss  x 


az 

b bx 

Cori/hnW  Fraction,  Is  iifcd  for  a Fraction  whofe 
denominator  -is  an  integer  with  a Fraction,  which  latter 
Fradlion  has  for  its  denominator  an  integer  and  a Frac- 
tion, and  the  fame  for  this  lail  Fraftion  again,  and  fo 
on,  to  any  extent,  whetlier  fuppofed  to  be  Infinitely 
continued,  or  broken  off  after  any  number  of  terms. 
Ruler,  Analyf,  Inf.  vol.  i,  p.  295. 

; +I-, 


or 


+ - 

• 3 


^ + f -F  S:c. 

Or,  ufing  letters  inilcad  of  numbers, 

I 

T 


I 

h + 


C + 


d 1 c 

e 4 


or 


4 B 
« + T 


+ 7H-F-  E 

e 4- 
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When  thefe  feries  are  not  far  extended,  it  is  not  diff 
ficult  to  coileft  them  by  common  arithmetic. 

I.ord  Brounker,  it  feems,  was  the  firft  who  confider- 
ed  Continued  Fractions,  or  at  lead,  who  applied  them 
to  the  quadrature  of  curves,  in  Wallis’s.  Arith.  Infin. 
prop.  1 9 1,  vol.  I , p.  469  &.C,  where  this  author  explains 
the  manner  of  forming  them,  giving  feveral  numeivil 
examples,  in  approximating  ratios,  as  well  as  the  gene- 
neral  feries 


a 


CL  C 

P — d 

y Y~  denotes  it> 

O 


Huygens  alfo  ufed  it  for  the  like  purpofe,  viz,  to  ap- 
proximate the  ratios  of  large  numbers,  In  his  Deferip. 
Autom.  Planet,  in  Oper.  Relig.  p.  173  &c,  edit. 
Amd.  1728.  And  a fpecial  treatife  on  Continued 
Fractions  was  given  by  Ruler,  in  his  Analyf.  Infin, 
vol.  I,  pa.  295  (&c. 

This  fubjecd  is  perhaps  capable  of  much  improve- 
ment, though  It  has  been  rather  neglecded,  as  very 
little  life  has  been  made  of  it,  except,  by  thofe  au- 
thors, in  approximating  to  the  value  of  Fradflons,  and 
ratios,  that  are  expreffed  in  large  numbers  ; befides  a 
method  t)f  Gouiometry  by  De  Ragny,  explained  in  the 
Introdufflon  to  my  Logarithms,  pa.  78  ; as  alfo  fome 
life  I have  made  of  It  in  fumming  very  flowly  converg- 
ing feries,  In  my  Tracis,  p.  38  &;  fcq. 

As  to  tlie  reducing  of  common  Fraclions,  and  ratios, 
that  are  expreffed  in  large  numbers,  to  Continued  Frac- 
tions, it  is  no  more  than  the  common  method  of  find- 
ing tlie  greated  common  meafure  of  thofe  two  num- 
bers, by  dividing  the  greater  by  the  lefs,  and  the  lad 
divifor  always  by  the  lad  remainder  ; for  tlren  the 
leveral  quotients  are  the  denominators  of  theFraftions, 
the  numerators  being  always  i or  unity.  Thus,  to  find 

approximating  values  of  the  Fraction 

I ooooooocpoo 

or  to  tlie  ratio  of  31415926535  to  locoococooo,  being 
the  ratio  of  the  circumference  of  a circle  to  Its  diame- 
ter, by  means  of  a Continued  Fraction  ; or,  to  change 
the  faid  Common  Fradtion  to  a Continued  Fradtion  c 
Dividing  the  greater  tefm  always  by  the  lefs,  the  fame 
us  to  find  the  greated  common  meafure  of  the  faid  num- 
bers or  terms,  tlie  feveral  quotients  will  be  3,  7,  17,  I, 
292,  1,1,  S:c,  which,  after  the  firft,  will  be  the  denev 
ininators,  to  the  common  numerator  i ; and  therefore 
the  faid  Fraction  will  bo  changed  into  this  ContinueJ 
Fraction, 


3 + ‘ + 


T 

a 


-F  I -p 


[ _j.  f 


4 5:c. 


Hence,  dopping  at  any  part  of  llicfe  fingle  Fradtions, 
one  after  another,  tvill  give  feveral  values  of  the  pro- 
poled  ratio,  all  fuccellively  nearer  and  nearer  the  truth, 
but  alternately  too  great  and  too  little.  80,  dopping 
3 T 2 .0', 
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at  y,  it  is  3y  ~ 3*142857  too  great,  or  22  to  7, 

the  ratio  of  the  cii  cumfereiice  to  the  diameter  as  given 
by  Archimedes.  Again,  Hopping  at  yV?  is 

d ^ ^ _ ^3 

^7tV  a 06  106 

But  Hopping  at  4> 

I I 1 6 3 5 5 

It  IS  3-— “ 3 -7-  = 3 — 

7xT  + i Ih 


3*141509  &c,  too  little. 


(the  ratio  of 


Metiiis)  ~ 3*1415929  &c,  which  is  rather  too  great. 
And  fo  on,  always  nearer  and  nearer,  but  alternately 
too  great  and  too  little. 

And,  in  like  manner  is  any  algebraic  Fraftion  thrown 

into  a Continued  Fraction,  As  the  Fra6tion 

fl/Syd'  -f  -f  ac  '^  . . 

being 


4“  <^dd  “b  cic^  “b  ”b  bd 
manner  divided,  the  quotients  are 


w 


idiich 


in 


like 


a. 


7 


d 


d 

a"  b'  c 

which  fmgle  Frablions  being  confidered  as  denomina- 
tors to  other  Fractions  whole  common  numerator  is  i, 
thefe  wall  be  the  reciprocals  of  the  former,  and  fo  will 

become  -7  ; and  hence  the  propofed  com- 

es p y 

mon  Fraction  is  equal  to  this  terminate  Continued 
Fraftion, 

a 


-b 


a.  -f-  — - 


b 

d 


+ 


y + 


d 


6 


On  the  other  hand,  any  Continued  Fraction  beinp^ 
given,  its  equivalent  common  Fraction  will  be  found, 
by  beginning  at  the  laH  denominator,  or  loweH  end  of 
the  given  Continued  Fraction,  and  gradually  collecting 
the  Fractions  backwards,  till  we  arrive  at  the  firH,  when 
the  whole  will  thus  be  colleCted  together  into  one  com- 
mon Fraction  ; as  was  done  above  in  collebting  the 
Fractions 


+ 


1 5 


+ 4 


+ 'v|z-b’&c. 

And  in  like  manner  the  Continued  FraCtion 

L 

J -b  ™ : d 


a 


Ob 


+ 


y 4- 


collects  into  the  FraCtion 


^j3y,3'  4-  a^d  4'-' 


4*  ^dd  4“  byo  4-  bd 

When  the  given  Continued  FraCtion  is  an  infinite 
one,  collect  it  fuccefiively,  firH  One  term,  then  two  to- 
gether,’three  together,  &C5  till  the  fum  is  fufficiently 
exaCt.  Or,  if  thefe  colleCted  fums  converge  too  llowly 
to  the  true  value,  having  colleCted  a few  of  the  terms 
into  fucceffive  fums,  thefe  being  alternately  too  great 
and  too  little,  the  true  value  will  be  found  as  near  as 
you  pleafe  by  the  method  of  arithmetical  means,  ex- 
plained in  my  TraCts,  vol.  i,  TraCl  2,  pa.  i r. 

VaniJlAng  Fractions.  Such  Fractions  as  have  both 
their  numerator  and  denominator  vanifh,  or  equal  to  o, 
at  the  fame  time,  may  be  called  Vanijhlng  Fradions. 
We  are  not  to  conclude  that  fuch  Fractions  are  equal 
to' nothing,  or  have  no  value  ; for  that  they  have  a cer- 
tain determinate  value,  has  been  fiiewn  by  the  beH  ma- 


thematicians. The  idea  of  fuch  Fractions  as  thefe,  firH 
originated  in  a very  fevere  conteH  among  fome  French 
mathematicians,  in  which  Varignon  and  Rolle  were  the 
two  chief  oppofite  combatants,  concerning  the  then 
new  or  differential  calculus,  of  which  the  latter  gentle- 
man was  a ftrenuous  opponent.  Among  other  argu- 
ments againft  it,  he  propofed  an  example  of  drawing  a 
tangent  to  certain  curves  at  the  point  wdiere  the  two 
paits  crofs  each  other  ; and  as  the  fractional  expreilion 
for  the  fubtangent,  by  that  method,  had  both  its  nume- 
rator and  denominator  equal  to  c at  the  point  piopofed, 
Pvolle  looked  upon  it  as  an  abfurd  expreilion,  and  as  an 
argument  againff  the  method  of  lolulion  itfelf.  The 
feeming  myfteiy  however  was  foon  explained,  and  firH. 
of  all  by  John  Bernoulli.  Sec  an  account  of  this  affair 
in  Montucla,  Flift.  Math.  vol.  2,  pa.  366. 

Since  that  time,  fuch  kind  of  fraCcionS'  have  often: 
been  contemplated  by  mathematicians.  As,  by  Mac- 
laurin,  in  his  Fluxions,  vol.  2,  pa.  '698  : Saunderfon,^ 
in  his  Algebra,  vol.  2,  art.  469  : De  Moivre,  in  MifceL  . 
Anal.  pa.  165  : Emerfon,  in  his  Algebra,  pa.  212  ; 
and  by  many  others.  The  fame  fraCtions  have  alfo 
proved  a ftumbling-block  to  more  mathematicians  than 
one,  and  the  caufe  of  more  violent  controverfies : wit- 
nefs  that  betv/een  Powell  and  Waring,  when  they  were 
competitors  for  the  profefforfliip  at  Cambridge.  In 
the  fpecimen  of  a work  publilhed  on  occafion  of  that 

competition,  by  Waring,  was  the  fraCtion  -- — 

^ '~‘P 

which  he  faid  became  4 when  p was  =:  i.  This  was 
Hiuck  at  by  Powell,  as  abfurd,  becaufe  when^ym,  then 

p — I— ■!  O 

the  fraflion  “ = , which  was  one 

I -/  I — r o 

chief  caufe  of  his  not  fucceeding  to  the  profefforffiip*. 

p — 

Waring  replied  that  - — is  ~ p -p  -p  p3  q_  ^4 


I —p 


(by  common  divifion)  = 14-14-14-1=24,  wlieiU 
^ is  =:  I.  See  the  controverfial  pamphlets  that  paffed 
between  tliofe  two  gentlemen  at  that  time. 

There  are  two  modes  of  - finding  the  value  of  fuch 
fraffions,  that  have  been  given  by  the  gentlemen  above 
quoted.  The  one  is  by  confidering  the  terms  of  the 
fraefion  as  two  variable  quantities,  continually  dccreaf- 
ing,  till  they  both  vanilh  together  ; or  finding  the  ulti- 
mate value  of  the  ratio  denoted  by  the  fraCtion.  In 
this  way  of  confidering  the  matter,  it  appears  that,  as 
the  terms  of  the  fraftion  are.  fuppofed  to  decreafe  till 
they  vaniHi,  or  become  only  equal  to  their  fluxions  or 
their  increments,  the  value  of  the  fraction  at  that  Hate, 
will  be  equal  to  the  fluxion  or  increment  of  the  numera- 
tor divided  by  that  of  the  denominator.  Hence  then, 

^ T S 

taking  the  example when  x = i ; the  fluxion 

I — X 

of  the  numerator  is  a-  — and  of  the  denominator 
— X ; therefore 

X — I — 5H  5H  — I ^ 


the  value  of  the  fraCtion 


X 


— ;<;S 


'X 


when  w = i. Or. 


A*' 


■X 


thus,  becaufe  w = i , therefore 

I — A I — X 

then  the  fluxion  of  the  numerator,  — divided  by 

the 


FRA 


[ 509  ] 


FRA 

trie  fluxion  of  the  denominator,  or  —a-,  gives  4^^  or  4, 
the  lame  as  before. 

The  other  method  is  by  reducing*  the  given  expreffion 
to  another,  or  limple  form,  and  then  lubllituting  the 
values  of  the  letters.  So  in  the  above  example 

^ ^ I — V ^ 

, or  , when  .v  = i ; divide  the  numerator 

I — V I — A 

by  the  denominator,  and  it  becomes  i + a T a:’-  + 
v hich  when  Ami,  becomes  4,  for  the  given  fraction, 
the  fame  as  before. — Again,  to  find  the  value  of 

^ when  X is  m a,  in  which  cafe  both  the  nu- 
a—  A^/av 

merator  and  denominator  become  =0.  Divide  the  nu- 
merator by  the  denominator,  and  the  quotient-  is 

X 

— ; which  when  x = a,  becomes 

^ a 

a-\-a-\-a  — 3^,  for  the  value  of  the  fraction  in  that  flate 
of  it. 

FRAISE,  in  Fortification,  a kind  of  defence,  con- 
fifting  of  pointed  Hakes,  driven  almoil  parallel  to  the 
horizon  into  the  retrenchments  of  a camp,  d:c,  to  ward 
off  and  prevent  any  approach  or  fcalade. 

FRANKLIN  (Dr.  Benjamin  ),  one  of  the  moll  ce- 
lebrated philofophers  and  politicians  of  the  1 8th  century, 
was  born  in  Boilon  in  North  America  in  the  year  1 706, 
being  the  yonngell  of  13  children.  His  father  was  a 
tallow-chandler  in  Bofton,  and  young  Franklin  was 
taken  from  fchool  at  10  years  of  age,  to  afiill  him  in 
his  bulinefs.  In  this  iituation  he  continued  two 
years  ; bat  difiiking  that  occupation,  he  \uas  bound  ap- 
prentice to  an  elder  brother,  who  was  then  a printer  in 
Boilon,  blit  had  learned  that  bulinefs  in  I^ondon,  and 
who  in  the  year  1721  began  to  print  a newfpaper,  being 
the  fecond  ever  piibliflicd  in  America  ; the  copies  of 
which  our  author  was  fent  to  dillribute,  after  liaving 
aflilled  in  compofing  and  printing  it.  Upon  this  occa- 
fion,  our  young  philofopher  enjoyed  the  fecret  and  lin- 
gular pleafure  of  being  the  much  admired  author  of 
many  efiays  in  this  paper  ; a circiimllance  which  he  had 
the  addrefs  to  keep  a fecret  even  from  his  brother  him- 
felf  ; and  this  when  he  was  only  15  years  of  age.  The 
frequent  ill  ufage  from  his  brother,  induced  young 
Franklin  to  quit  his  fervice,  which  he  did,  at  tlie  age 
of  17,  and  went  to  New  York.  But  not  meeting  em- 
ployment liere,  he  went  forward  to  Philadelphia,  wiiere 
he  worked  with  a printer  a fliort  time  ; after  which, 
at  the  inftance  of  Sir  William  Keith,  governor  of  the 
. province,  he  returned  to  Boilon  to  folicit  pecuniary  af- 
fiilance  from  his  father  to  fet  up  a printing-hoiiie  for 
himfelf  at  Philadelphia,  upon  the  promife  of  great  tn- 
coura'T'ement  from  Sir  William,  &c.  His  father  how- 
ever  thought  fit  to  refufe  fuch  aid,  alleging  that  he 
was  yet  too  young  (18  years  old)  to  be  entrulled  w'itii 
fuch  a concern  ; fo  our  author  again  returned  to  Phi- 
ladelphia w'ithout  it.  Upon  this.  Sir  ^Villiam  faid  he 
would  advance  the  fiim  that  might  be  neceffary,  and  our 
young  philofopher  Ihould  go  to  England,  and  purchafe 
all  the  types  and  materials,  for  which  purpofe  he  wmuld 
give  him  letters  of  credit.  He  could  never  however 
get  ihefe  letters,  yet  by  dint  of  fair  promifes  of  their 
being  fent  on  board  the  Ihip  after  him,  he  failed  for 
England,  expedling  thefe  letters  of  credit  were  in  the 
governor’s  packet,  which  he  was  to  receive  upon  its 
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being  opened.  In  this  however  he  was  cruelly  deceived, ' 
and  thus  he  w’as  fent  to  London  wnthout  either  money, 
friends,  or  credit,  at  18  years  of  age. 

He  foon  found  employment,  how^ever,  as  a journey- 
man printer,  firll  at  a Mr.  Palmer’s,  and  afterv/ard  v/ith 
Mr.  Watts,  w’ith  whom  he  wnirked  a confiderable  time, 
and  by  whom  he  was  greatly  elleemed,  being  alfo 
treated  w'ith  fuch  kindnefs,  that  it  was  always  moil  * 
gratefully  remembered  by  our  philofopher. 

After  a (lay  of  18  months  in  London,  he  returned  to  ' 
Philadelphia,  viz  in  1726,  along  with  a merchant  of 
that  town,  as  Ills  clerk,  on  a falary  of  50  pounds  a year. 
But  his  mailer  dying  the  year  after,  he  again  engaged 
to  dirccl  the  printing  bufinefs  of  the  fame  perfon  wuth 
w’hom  he  had  worked  before.  After  continuing  wutli 
him  the  bell  part  of  a year,  our  philoloplier,  in  partner- 
fliip  with  another  young  man,  at  length  fet  up  a print-  • 
ing-hoLiie  lilmielf. 

A little  before  this  time,  young  Franklin  had  gradual-  ■ 
lyalTociated  a number  of  perfons,  like  himfelf,  of  a ra-  • 
tional  and  phllofophical  turn  of  mind,  and  formed  them  • 
into  a club  or  fociety,  to  hold  meetings,  to  eonverfe  and 
communicate  their  lentiments  together,  for  their  mutual 
improvement  in  all  kinds  of  uleful  knowledge,  which 
was  in  high  repute  for  many  years  after.  Among  many 
other  nfeful  regulations,  they  agreed  to  bring  fuch 
books  as  they  had  into  one  place,  to  form  a commt-n 
library.  This  refource  being  found  defeclive,  at  Frank- 
lin’s perfuafion  they  refolved  to  contribute  a fmall  fum 
montlily  towards  the  purchafe  of  books  for  their  uie 
from  London.  I'hus  their  Hock  began  to  increafe  ra- 
pidly ; and  the  inhabitants  of  Philadelphia,  being  de- 
lirous  of  having  a fliare  in  their  literary  knowledge, 
propofed  that  the  books  fhould  be  lent  out  on  paying  a 
fmall  fum  for  the  indulgence,  d'hus  in  a few  years  the 
fociety  became  rich,  and  pofieffed  more  books  than  were 
perhaps  to  be  found  in  all  the  other  colonies  : the  col- 
lection was  advanced  into  a public  library  ; and  the  other 
colonies,  fenfible  of  its  advantages,  began  to  form  llmi- 
lar  plans ; from  whence  originated  the  libraries  at 
BoHon,  New  York,  CharlcHown,  d:c  ; that  of  Philadel- 
phia being  now  not  inferior  to  any  in  Europe. 

About  1728  or  1729,  young  Franklin  fet  up  a newf- 
paper, the  fecond  in  Philadelphia,  which  proved  very 
profitable,  and  oth.erwifc  uleful,  as  alfording  an  oppor- 
tunity of  making  himfelf  known  as  apolitical  writer, 
by  inferting  fevcral  of  his  writings  of  that  kind  into  it. 
In  addition  to  his  printing-houfe,  he  fet  up  a fliop  to 
fell  books  and  Hationary;  and  in  1730  he  married  his 
wife,  who-  proved  very  ufehd  in  afilHing  to  manage 
the  fiiop,  8.C.  He  afterward  began  to  have  fome  lei- 
fure,  both  for  reading  books,  and  writing  them,  of 
which  he  gave  many  fpecimens  from  time  to  time.  In 
1732  he  began  to  publiih  Poor  Richard’s  A-lmanac, 
which  was  continued  for  many  years.  It  was  always 
remarkable  for  the  numerous  and  valuable  concife 
maxims  which  it  contained,  for  the  a-conom.y  of  human 
life,  all  tending  to  exhort  to  induHry  and  frugality  ; and 
in  the  almanac  for  the  laH  year,  all  the  maxims  were 
collected  in  an  addrefs  to  the  reader,  entitled.  The  \Vay 
to  Wealth.  This  has  been  tranflated  into  various  lan- 
guages, and  inferted  in  different  publications.  It  has 
alfo  been  printed  on  a large  Hieet,  proper  to  be  framed, 
and  hung  up  in  confpicuous  places  in  all  houfes,  as  it 
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very  well  deiervcs  to  be.  Mr.  Franklin  became  gra- 
dually more  known  for  his  political  talents,  and  in  the 
year  1776,  he  \vas  appointed  clerk  to'the  General  Af- 
fembiv  of  Pennfylvania  ; and  was  re-elected  by  fiicceed- 
ing  aiJemblies  for  leveral  years,  till  he  was  chofen  a re- 
prefentative  for  the  city  of  Philadelphia;  and  in  1737 
lie  was  appointed  poft-maftei  of  that  city.  In 
formed  the  firft  fire-company  there,  to  extinguifh  and 
prevent  hres  and  the  burning  of  houies  : an  example 
which  was  foon  followed  by  other  perfons,  and  other 
places.  And  foon  after,  he  fuggefted  the  plan  of  an 
afTociation  for  infnring  honfes  and  flips  from  Ioffes  by 
lire,  wliich  was  adopted  ; and  the  affociation  continues 
to  this  day.  In  the  year  1744,  during  a war  between 
France  and  Great  Britain,  fome  French  and  Indians 
made  inroads  upon  the  frontier  inhabitants  of  the  pro- 
vince, who  were  unprovided  for  fuch  an  attack  : the 
lituation  of  the  province  was  at  this  tinre  truly  alarming, 
being  d-ellitute  of  every  means  of  defence.  At  this  crifis 
Franklin  ftepped  forth,  and  propofed  to  a meeting  of  the 
citizens  of  Philadelphia,  a plan  of  a voluntary  affocia- 
tion for  the  defence  of  the  pro  vince.  This  was  approv- 
ed of,  and  ligned  by  1200  perfons  immediately.  Copies 
of  it  were  circulated  through  the  province  ; and  in  a 
fnort  time  the  number  of  figners  amounted  to  10,000. 
Franklin  was  chofen  colonel  of  the  Philadelphia  regi- 
ment ; but  he  did  not  think  proper  to  accept  of  the 
honour. 

Purfuits  of  a different  nature  now  occupied  the  great- 
eft  part  of  his  attention  for  fome  years.  Being  always 
muchaddidled  to  the  ftudy  of  natural  phllofophy ; and  the 
difcovery  of  the  Leyden  experiment  in  eledlricity  hav- 
ing rendered  that  fcience  an  objedl  of  general  curiofity  ; 
Mr.  Franklin  applied  himfelf  to  it,  andffoon  began  to 
diftinguifti  himfelf  eminently  in  that  way.  He  engaged 
in  a courfe  of  eledlrical  experiments  with  all  the  ardour 
and  thirft  for  difcovery  which  characterized  the  phllo- 
fophers  of  that  day.  By  thefe,  he  was  enabled  to  make 
a number  of  Important  difeoveries,  and  to  propofe  theo- 
ries to  account  for  various  phenomena ; which  have  been 
generally  adopted,  and  which  will  probably  endure  for 
ao-es.  His  obfervations  he  communicated,  in  a feries  of 
leUers,  to  his  friend  Mr.  Colllnfon  ; the  firft  of  which  is 
dated  March  28,  1747.  In  thefe  he  makes  known  the 
power  of  points  in  drawing  and  throwing  off  the  eledric 
matter,  which  had  hitherto  efcaped  the  notice  of  electri- 
cians. He  alfo  made  the  difcovery  of  a plvs  and  minus, 
or  of  a pojitive  and  negative  ftate  of  eleCcricity  ; from 
whence  in  a fatisfaCfory  manner  he  explained,  the  phe- 
nomena of  the  Leyden  phial,  firft  obfervedby  Cuneus 
or  Mufchenbroeck,  which  had  much  perplexed  philofo- 
phers.  Fie  fliewed  that  the  bottle,  when  charged,  con- 
tained no  more  eleCfricity  than  before,  but  that  as  much 
was  taken  from  one  fide  as  was  thrown  on  the  other  ; 
and  that,  to  difeharge  it,  it  was  only  neceffary  to  make 
a communication  between  the  two  fides,  by  which  the 
equilibrium  might  be  reftored,  and  that  then  no  figns  of 
eledriclty  would  remain.  He  afterwards  demonftrated 
by  experiments,  that  the  eleCfricity  did  not  refide  in 
the  coating,  as  had  been  fuppofed,  but  in  the  pores  of 
the  glafs  itfelf.  After  a phial  was  charged,  he  removed 
the  coating,  and  found  that  upon  applying  a new  coat- 
ino-  the  fhock  might  ftill  be  received.  In  the  year  1749, 
he^firft  fuggefted  his  idea  of  explaining  the  phenome»a 


of  thunder-gufts,  and  of  the  aurora  borealis,  upon  elec- 
trical principles.  He  points  out  many  particulars  in 
which  lightning  and  eleCfricity  agree  ; and  he  adduces 
many  faCes,  and  reafoning  from  faffs,  in  fupport  of  his 
pofitions.  In  the  fame  year  he  conceived  the  bold  and 
grand  idea  of  afeertaining  the  truth  of  his  doCtrine, 
by  aCfually  drawing  down  the  forked  lightning,  by 
means  of  fharp-pointed  iron  rods  raifed  into  the  region 
of  the  clouds  ; from  whence  he  derived  his  method  of 
feenring  buildings  and  fhips  from  being  damaged  by 
lightning.  It  was  not  until  the  fummer  of  1 752  that  he 
was  enabled  to  complete  his  grand  difcovery  the  expe- 
riment of  the  electrical  kite,  which  being  raifed  up  into 
the  clouds,  brought  thence  the  eleCfricity  or  lightning 
down  to  the  earth  ; and  M.  D’Alibard  made  the 
experimient  about  the  fame  time  in  France,  by  follow- 
ing the  track  which  Franklin  had  before  pointed  out. 
The  letters  w'hich  he  fent  to  Mr.  Collinfon,  it  is  faid, 
were  refufed  a place  among  the  papers  of  the  Royal  So- 
ciety of  London  ; and  Mr.  Collinfon  publifhed  them  in 
a feparate  volume,  under  the  title  of  Ne^M  Experiments 
and  Obfervations  on  Electricity,  made  at  Philadelphia,  in. 
America  ; which  were  read  with  avidity,  and  foon  tranf- 
lated  into  different  languages.  His  theories  w^ere  at 
firft  oppofed  by  feveral  philofophers,  and  by  the  mem- 
bers of  the  Royal  Society  of  London;  but  in  1755, 
when  he  returned  to  that  city,  they  voted  him  the  gold 
medal  which  is  annually  given  to  the  perfon  who  pre- 
fents  the  beft  paper  on  fome  interefting  fubjeCf.  He 
was  alfo  admitted  a member  of  the  Society,  and  had  the 
degree  of  doCfor  of  laws  conferred  upon  him  by  dif- 
ferent univerfities  : but  at  this  time,  by  reafon  of  the 
war  which  broke  out  between  Britain  and  France,  he 
returned  to  America,  and  interefted  himfelf  in  the  pub- 
lic affairs  of  that  country.  Indeed  he  had  done  this 
long  before  ; for  although  philofophy  was  a principal 
objeCf  of  Franklin’s  purfuit  for  feveral  years,  he  did 
not  confine  himfelf  to  it  alone.  In  the  year  1747  he 
became  a member  of  the  General  Affembly  of  Pennfyl- 
vania, as  a burgefs  for  the  city  of  Philadelphia.  Being 
a friend  to  the  rights  of  man  from  his  infancy,  he  foon 
diftinguiflied  himfelf  as  a fteady  opponent  of  the  un- 
juft fchemes  of  the  proprietaries.  He  was  foon  look- 
ed up  to  as  the  head  of  the  oppofition  ; and  to  him 
have  been  attributed  many  of  the  fpirited  replies  of  the 
affembly,  to  the  mefiages  of  the  governors.  His  in- 
fluence in  the  body  was  very  great.  This  arofe  not  from 
any  fuperior  powers  of  eloquence  ; he  fpoke  but  feldom 
and  he  never  was  known  to  make  any  thing  like  an  ela- 
borate harangue.  His  fpeeches  often  confifted  of  a 
Angle  fentence,  or  of  a well-told  ftory,  the  moral  of 
which  was  always  obvioufly  to  the  point.  Lie  never 
attempted  the  flowery  fields  of  oratory.  Flis  manner 
was  plain  and  mild.  His  ftyle  in  fpeaking  was,  like 
that  of  his  writings,  Ample,  unadorned,  and  remark- 
ably concife.  With  this  plain  manner,  and  his  pene- 
trating and  lolid  judgment,  he  was  able  to  confound 
the  moft  eloquent  and  fubtie  of  his  adverfaries,  to 
confirm  the  opinions  of  his  friends,  and  to  make  con- 
verts of  the  unprejudiced  who  had  oppofed  him.  With 
a Angle  obfervation,  he  has  rendered  of  no  avail  a long 
and  elegant  difeourfe,  and  determined  the  fate  of  a 
queftion  of  importance. 

In  the  year  1749?  he  propofed  a plan  of  an  academy, 
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•to  be  ere£led  in  the  city  of  Philadelpbia,  as  a founda- 
tion for  pollerity  to  ereft  a feminary  of  learning,  more 
txtenfive  and  fuitable  to  futii^e  circumllances  ; and  in 
the  beginning  of  1750,  three  of  the  fchools  were  open- 
ed, namely,  the  Latin  and  Greek  fchool,  the  Mathe- 
matical, and  the  Englifli  fchools.  This  foundation  foon 
after  gave  rife  to  another  more  extenfive  college,  in- 
corporated by  charter  May  27,  1755,  which  Hill  fub- 
fihs,  and  in  a very  fiourifhing  condition.  In  1752,  he 
was  inllrumental  in  the  eflabliflTiment  of  the  Pennfyl- 
vania  Hofpital,  for  the  cure  and  relief  of  indigent  in- 
valids, which  has  proved  of  the  greateil  ufe  to  that  clafs 
of  perfons.  Having  conduced  liimfelf  fo  well  as  Poll- 
mailer  of  Philadelphia,  he  was,  in  1755,  ^ppoii^ted  De- 
puty Pod  mailer-general  for  the  whole  }jrltilh  colonies. 

The  colonies  being  muich  expofed  to  depredations  in 
their  frontier  by  the  Indians  and  the  French,  at  a meet- 
ing of  commifiioners  from  feveral  of  the  provinces,  Mr. 
Franklin  propofed  a plan  for  the  general  defence,  to 
eflablilh  in  the  colonies  a general  government,  to  be  ad- 
minillered  by  a prelident-general,  appointed  by  the 
crown,  and  by  a grand  council,  conlilling  of  members 
chofen  by  the  reprefentatives  of  the  dilferent  colonies  ; 
a plan  which  was  unanlmoufly  agreed  to  by  the  com- 
inllTioners  prefent.  The  plan  however  had  a fingular 
fate  : It  was  dilapproved  of  by  the  minlllry  of  Great 
Tritain,  becaufe  it  gave  too  much  power  to  the  repre- 
fentatives of  the  people  ; and  it  was  rejected  by  every 
allembly,  as  giving  to  the  prefident  general,  who  was 
to  be  the  reprefentative  of  the  crou’ii,  an  influence 
greater  than  appeared  to  them  proper,  in  a plan  of  go- 
vernment intended  for  freemen.  Perhaps  this  rejedlion, 
on  both  fides,  is  the  krongell  proof  that  could  be  ad- 
duced of  the  excellence  of  it,  as  iuited  to  the  fituation 
of  Great  Britain  and  America  at  that  time.  It  ap- 
pears to  have  fleered  exactly  in  the  middle,  between  the 
oppolite  interells  of  both.  Whether  the  adoption  of 
this  plan  would  have  prevented  the  feparation  of  Ame- 
rica from  Great  Britain,  is  a quefllon  wdiich  might  af- 
ford much  room  for  fpeculation. 

In  the  year  1755,  General  Braddock,  with  fome  re- 
giments of  regular  troops,  and  provincial  levies,  was 
lent  to  dlfpoffefs  the  French  of  the  polls  upon  which 
they  had  feized  in  the  back  fettlements.  After  the 
men  were  all  ready,  a difflculty  occurred,  which  had 
nearly  prevented  the  expedition.  This  was  the  want 
of  waggons.  Franklin  now  Hepped  forward,  and,  with 
the  alliflance  of  his  fon,  in  a little  time  procured  r^o. 
After  the  defeat  of  Braddock,  Franklin  Introduced  into 
the  allembly  a bill  for  organizing  a militia,  and  had  the 
dexterity  to  get  it  palled.  In  confequence  of  this  acl 
a very  refpedtable  militia  was  formed  ; and  Franklin 
was  appointed  colonel  of  a regiment  in  Philadelphia, 
which  confilled  of  i2CO  men  ; in  wdiich  capacity  he 
acquitted  himfelf  wdth  much  propriety,  and  was  of 
fingular  fervice  ; though  this  militia  wnis  foon  after  dif- 
banded  by  order  of  the  Englifli  minillry. 

In  1757’  England,  with  a petition  to 

the  king  and  council,  againll  the  proprietaries,  who  re- 
filled to  bear  any  lhare  in  the  public  expences  and 
allelTments  ; which  he  got  fettled  to  the  fatisfadlion  of 
the  Hate.  After  the  completion  of  this  bufinefs, 
Franklin  remained  at  the  court  of  Great  Britain  for 
fome  time,  as  agent  for  the  province  of  Pennfylvania ; 


and  alfo  for  thofe  of  MalTachufetts,  Maryland,  and 
Georgia.  Soon  after  tins,  he  publiflied  liis  Canada 
pamphlet,  in  which  he  pointed  out,  in  a very  forcible 
manner,  the  advantagfes  that  w'ould  relult  from  the  con- 
quell  of  this  province  from  the  French.  An  expedi- 
tion w^as  accordingly  planned,  and  the  command  given 
to  General  Wolfe  ; the  fuccefs  of  which  is  well  known. 
He  now'  divided  his  time  indeed  between  philofophy 
and  politics,  rendering  many  fervices  to  both.  Wliilll 
here,  he  invented  the  elegant  mulical  Inllrument  called 
the  Armonica,  formed  of  glaffes  jilayed  on  by  the  fin- 
gers. In  the  fummer  of  1762  he  returned  to  America  ; 
on  the  palfage  to  which  he  obferved  the  lingular  etfedt 
produced  by  the  agitation  of  a velfel,  containing  oil 
floating  on  water  ; the  upper  furface  of  the  oil  remained 
fmooth  and  undlllurbed,  whllll  the  water  was  agitated 
with  the  utmoll  commotion.  On  his  return  he  receiv- 
ed the  thanks  of  the  Affcmbly  of  I'ennfylvania,  which 
liaving  annually  elccled  him  a member  in  his  abfeiice, 
he  again  took  his  feat  in  this  body,  and  continued  a 
Heady  defender  of  the  liberties  of  the  people. 

In  1764,  by  the  intrigues  of  the  proprietaries, 
Franklin  loll  his  leat  in  the  afi'embly,  which  he  had 
poflefled  for  14  years  ; but  was  ynmediately  appointed 
provincial  agent  to  England,  lor  which  country  he 
prefently  fet  out.  In  1766  he  was  examined  before 
the  parliament  relative  to  the  llamp  acl  ; which  was 
foon  after  repealed.  The  lame  year  he  made  a journey 
into  Holland  and  Germany;  and  anotlicr  into  France; 
being  everywhere  received  with  the  greateil  refpect  by 
the  literati  of  all  nations.  In  1773  he  attracted  the 
public  attention  by  a letter  on  the  duel  between  Mr. 
Whately  and  Mr.  Temple,  concerning  the  publication 
of  Governor  Hutchinion’s  letters,  declaring  that  he  was 
the  perfon  who  had  difcovercd  thofe'  letters.  On  the 
29th  of  January  next  year,  he  was  examined  before  the 
privy-council  on  a petition  he  had  prefented  long  before 
as  agent  for  MaflachulettsBay  againfl  Mr.  Hutchinfon: 
but  this  petition  being  dilagreeable  to  miniHry,  it  was 
precipitately  rejected,  and  Dr.  Franklin  was  foon  after 
removed  from  his  office  of  FoHmailer-general  for  Ameri- 
ca. Finding  now  all  efforts  to  rellore  harmony  between 
Great  Britain  and  her  colonies  ufelefs,  he  returned  to 
America  in  1775  ; juH  after  the  commencement  of  lioHi- 
lities.  Being  named  one  of  the  delegates  to  the  Conti- 
nental Congreis,  he  had  a principal  fliare  in  bringing 
about  the  revolution  and  declaration  of  independency  on 
the  part  of  the  colonies.  In  1776  he  was  deputed  by 
Congrefs  to  Canada,  to  negociate  with  the  people  of  that 
country,  and  to  periuadc  thciii  to  throw  off  the  Brltifli 
yoke  ; but  the  Canadians  had  been  fo  much  difguHed 
with  the  hot-headed  zeal  of  the  New  Englanders,  who 
had  hi-irnt  fome  of  their  chapels,  that  they  refufed  to 
llHen  to  the  propofals,  though  enforced  by  all  the  ar- 
guments Dr.  Franklin  could  make  ufe  of.  On  his  re- 
turn to  Philadelphia,  Congreis,  feniible  how  much  he 
was  elteemed  in  France,  fent  him  thither  to  put  a fmilh- 
ing  hand  to  the  private  negociations  of  Mr.  Silas  Deane; 
and  this  important  commiHion  was  readily  accepted  by 
the  Dodtor,  though  then  in  the  7 ill  year  of  his  age. 
The  event  is  well  known  ; a treaty  of  alliance  and  com- 
merce was  figned  between  France  and  America  ; and 
M.  Le  Roi  afferts,  that  the  Doctor  had  a great  lhare  in 
the  tranfadion,  by  Hrongly  adviling  M.  Maurepas  not 
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to  lofe  a Tingle  moment,  if  he  wiflied  to  fecure  the 
friendTnip  of  America,  and  to  detach  it  from  the  mo- 
ther-country. In  1777  he  was  regularly  appointed 
plenipotentiary  from  Congrefs  to  the  French  court 
but  obtained  leave  of.dilmiffion  in  1780.  Having  at 
length  feen  the  lull  accompiiTnraent  of  his  willies  by  the 
conclulion  ol  the  peace  in  1783,  which  gave  indepen- 
dency, to  America,  he  became  defirous  of  revilitino-  his 
native  country.  He  therefore  requelled  to  be  recall- 
- ed  ; and,  after  repeated  folicitations,  Mr.  Jefferfon  was 
appointed  in  his  Ilead.  On  the  arrival  of  his  fucceffor, 
he  repaired  to  Havre  de  Grace,  and  croffing  the  chan- 
nel, landed  at  Newport  in  the  Ille  of  Wight  ; from 
whence,  after  a favourable  paffage,  he  arrived  fafe  at 
Philadelphia  in  September  1785.  He  was  received 
arnidll  the  acclamations  of  a vaft  multitude  who  flocked 
from  all  parts  to  fee  him,  and  wbo  condudled  him  in 
triumph  to  his  own  houfe  5 where  in  a few  days  he  was, 
vilited  by  the  members  of  the  Congrefs  and  the  principal 
inhabitants  of  Pliiladelphia,  Pie  ivas  afterward  twice 
chofen  prelident  of  the  Affembly  of  Philadelphia  ; but 
his  increafing  infirmities  obliged  him  to  afle  permiffion 
to  retire,  and  to  fpend  the  remainder  of  his  life  in 
tranquillity  ; which  was  granted,  in  1788.  After  this, 
the  infirmities  of  age  increafed  fall  upon  him  ; he  be- 
came more  and  more  afllifled  with  the  gout  and  the 
Hone,  till  the  time  of  his  death,  which  happened  the 
17th  of  April  1790,  about  1 1 at  night,  at  84  years 
of  age  ; leaving  one  Ton,  governor  William  Franklin, 
a zealous  loyalift,  who  now  refides  in  I^ondon  ; and  a 
daughter,  married  to  Mr.  William  Bache,  merchant  in 
Philadelphia. 

Hoflor  Franklin  was  author  of  many  trafts  on  elec- 
tricity, and  other  branches  of  natural  philofophy,  as 
well  as  on  politics,  and  mifcellaneous  fubjefls.  He  had 
alfo  miany  papers  inferted  in  the  Philofophical  Tranfac- 
tions,  from  the  year  1757  to  1774. 

FREEZE,  or  Frize,  in  Arcliitedlure,  a large  flat 
member,  being  that  part  of  the  entablature  of  columns 
that  feparates  the  architrave  from  the  cornice. 

FREEZING,  or  Congelation,  the  fixing  of  a fluid 
body  into  a firm  or  folid  mafs  by  the  action  of  cold  : 
in  nPich  fenfe  the  term  is  applied  to  water  when  it 
freezes  into  ice  ; to  metals  when  they  refume  their  folid 
form  after  being  melted  by  heat  ; or  to  glafs,  wax, 
pitch,  tallow,  &c,  when  they  harden  again  after  having- 
been  rendered  fluid  by  heat.  But  it  differs  from  cryf- 
tallization,  which  is  rather  a foparation  of  the  particles 
of  a folid  from  a fluid  in  which  it  had  been  diflblved 
more  by  the  moiflure  than  the  action  of  heat. 

The  procefsof  congelation  is  always  attended  with 
the  emiffion  of  heat,  as  is  found  by  experiments  on  the 
freezing  of  water,  wax,  fpermaceti,  &c  ; for  in  fucli 
cafes  it  is  always  found  that  a thermometer  dipt  into 
the  fluid  mafs,  keeps  continually  defeending  as  this 
cools,  till  it  arrive  at  a certain  point,  being  the  point 
of  freezing,  which  is  peculiar  to  each  fluid,  where  it 
is  rather  iiationary,  and  then  rifes  for  a little,  while 
the  congelation  goes  on.  But  by  wliat  means  it  is 
that  fluid  bodies  fhould  thus  be  rendered  folid  by  cold, 
or  fluid  by  heat,  or  what  is  introduced  into  the  bodies 
by  either  of  thofe  principles,  are  matters  the  learned 
have  never  yet  been  able  to  difeover,  or  to  fatisfy  them- 


felves  upon.  The  following  phenomena  however  ate 
ufually  obferved. 

WTter,  and  fome  other  fluids,  fiiddenly  dilate  and 
expand  in  the  aft  of  Freezing,  fo  as  to  occupy  a great- 
er Ipace  in  the  form  of  ice  than  before,  in  confequence 
of  which  it  is  that  ice  is  fpecifically  lighter  than  the  fame 
fluid,  and  floats  in  it.  And  the  degree  of  expanfion 
of  water,  in  the  flate  of  ice,  is  by  fome  authors  com- 
puted at  about  of  its  volume.  Oil  how^-ver  is  an 
exception  to  this  property,  and  quickfilver  too,  vdiicli 
flirinks  and  contraRs  ilill  more  after  Freezing.  Mr. 
Boyle  relates  feveral  experiments  of  veflels  made  of 
metal,  very  thick  and  firong  ; in  whi  ch,  when  filled 
with  water,  clofe  flopped,  and  expofed  to  the  cold,  the 
water  being  expanded  in  Freezing,  and  not  finding 
either  room  or  vent,  burfl  the  veflels.  A firong  bar- 
rel of  a gun,  with  water  in  it  elofc  flopped  and  frozen,- 
Was  rent  the  whole  length.  Huygens,  to  try  the  force 
with  which  it  expands,  filled  a cannon  with  it,  whofe 
hides  were  an  inch  thick,  and  then  clofed  up  the  mouth 
and  vent,  fo  that  none  could  efcape  ; the  whole  being 
expofed  to  a firong  Freezing  air,  the  water  froze  in 
about  12  hours,  and  burfl  the  piece  in  two  places.  Ma- 
thematicians have  computed  the  force  of  the  ice  upon 
this  occaiion  ; and  they  fay,  that  fuch  a force  would 
raife  a weight  of  27720  pounds.  Laflly,  Major  Ed- 
ward Williams,  of  the  Royal  Artillery,  made  many  ex- 
periments on  the  force  of  it,  at  Qjrebec,  in  the  years 
1784  and  1785.  He  filled  all  fizes  of  iron  bomb-fliells 
wdth  water,  then  plugged  the  fuze  hole  clofe  up,  and 
expofed  them  to  the  ftrong  Freezing  air  of  the  wintcr 
in  that  climate  ; fometimes  driving  in  the  iron  plugs  as 
hard  as  poffible  with  a fledge  hammer ; and  yet  they 
were  always  thrown  out  by  the  fudden  expanfion  of* 
the  water  in  the  adt  of  Freezing,  like  a ball  fliot  by 
gunpowder,  fometimes  to  the  diflance  of  between  400 
and  500  feet,  though  they  weighed  near  3 pounds  ; and 
when  the  plugs  were  icrewed  in,  or  furnifhed  with  hooks 
or  barbs,  to  lay  hold  of  the  mfide  of  the  Ihell  by,  fo 
that  they  could  not  poffibly  be  forced  out,  in  this  cafe 
the  fliell  was  always  fplit  in  two,  though  the  thicknefs 
of  the  metal  of  the  fhell  was  about  an  inch  and  three 
quarters.  It  is  farther  remarkable,  that  through  the 
circular  crack,  round  about  the  ihells,  \vhere  they  burfl, 
there  flood  out  a thin  film  or  fheet  of  ice,  like  a fin  ; and 
in  the  cafes  when  the  plugs  were  projedled  by  Freezing- 
water,  there  fuddenly  ilTiied  out  from  the  fuze-hole,  a 
bolt  of  ice,  of  the  fame  diameter,  and  flood  over  it  to 
the  height  fometimes  of  8 inches  and  a half.  And 
hence  we  need  not  be  fiirprifed  at  the  effedls  of  ice  in 
deflroying  the  fub fiance  of  vegetables  and  trees,  and 
even  fplitting  rocks,  when  the  froft  is  carried  to  ex- 
ceft.  ' . 

It  is  alfo  obferved  that  water  lofes  of  its  Aveight  by 
Freezing,  being  found  lighter  after  thawing  again,  than 
before  it  Avas  frozen.  And  indeed  it  evaporates  almofl 
as  fail  when  frozen,  as  vAdien  it  is  fluid. 

It  is  faid  too  that  Avater  does  not  freeze  in  vacuo  5 re- 
quiring for  that  purpofe  the  prefence  and  contiguity  of 
the  air.  But  this  circumflance  is  liable  to  fome  doubt, 
and  it  may  be  fufpedted  that  the  degree  of  cold  has  not 
been  carried  far  enough  in  thefe  inilances  ; as  it  is 
found  that  mercury  in  therm ometexs  has  even  been 

frozen 


F R E 


[ S'3  i 


F R E 

frozen,  tlioiigh  it  requires  a vallly  greater  degree  of 
cold  to  freeze  mercury,  than  water. 

That  water  which  has  been  boiled  freezes  more 
readily  than  that  which  has  not  been  boiled  ; and  that 
a flight  diftlirbance  of  the  fluid  difpofes  it  to  freeze 
more  fpeedily  ; having  fometimes  been  cooled  feveral 
degrees  below  the  Freezing  point,  without  congealing 
when  kept  quite  flill,  but  fuddenly  freezing  into  ice  on 
the  Icafl  motion  or  diflurbance. 

That  the  water,  being  covered  over  with  a furface 
of  oil  of  olives,  does  not  freeze  fo  readily  as  without 
It  ; and  that  nut  oil  abfolutely  preierves  it  under  a 
ftrong  frofl,  when  olive  oil  would  not. 

That  rectified  fpirit  of  wine,  nut  oil,  and  oil  of  tur- 
pentine, feldom  freeze. 

That  the  furface  of  the  water,  in  Freezing,  appears 
all  wrinkled  ; the  wrinkles  being  fometimes  in  parallel 
lines,  and  fometimes  like  rays,  proceeding  from  a cen- 
tre to  the  circumference. 

Freezing  M'lxiiire^  a preparation  for  the  artificial 
congelation  of  water,  and  other  fluids. 

According  to  Mr.  Boyle,  all  kinds  of  falts,  whether 
alkaline  or  acid  ; and  even  all  fplrits,  as  fpirit  of  wine, 
&c  ; as  alfo  fugar,  and  faccharum  faturni,  mixed  with 
-fnow,  are  capable  of  Freezing  moil  fluids  ; and  the 
fame  effedl  is  produced,  in  a very  high  degree,  by  a 
mixture  of  oil  of  vitnol,  or  fpirit  of  nitre,  with  fnow. 

M.  Homberg  remarks  the  fame  of  equal  quantities  of 
corrofive  fubllmate,  and  fal  ammoniac,  with  four  times 
the  quantity  of  diflilled  vinegar. 

Boerhaave  gives  a method  of  producing  artlfcial 
frofl  without  either  fnow  or  ice  : we  mull  have  for  tliis 
purpofe,  at  any  feafon  of  the  year,  the  coldell  water 
that  can  be  procured  ; this  is  to  be  mixed  with  a pro- 
per quantity  of  any  fait  (fal  ammoniac  will  anfwer  the 
intention  bell),  at  the  rate  of  about  3 ounces  to  a quart 
of  water.  Another  quart  of  water  mufl  be  -orepared  in 
the  fame  manner  with  the  firfl  ; the  fait,  by  being  dif- 
folved  in  each,  will  make  the  water  much  colder  than  it 
was  before.  The  two  quarts  are  then  to  be  mixed  to- 
gether, and  this  will  make  them  colder  flill.  Two 
quarts  more  of  water  prepared  and  mixed  in  the  fame 
manner  are  to  be  mixed  with  thefe,  which  will  increafe 
the  cold  to  a much  higher  degree  in  all.  The  whole  of 
this  operation  is  to  be  carried  on  in  a cold  cellar  ; and 
a glafs  of  common  water  is  then  to  be  placed  in  the 
veffel  of  the  fluid  tlius  artificially  cooled,  and  it  will  be 
turned  into  ice  in  the  fpace  of  12  hours. 

There  is  alfo  a method  of  making  artificial  ice  by 
means  of  fnow,  without  any  kind  of  fait.  For  this 
purpofe  fill  a fmall  pewter  dilh  w'ith  water,  and  upon 
that  iet  a common  pewter  plate  filled,  but  not  heaped, 
-with  fnow.  Bring  this  fiinple  apparatus  near  tlic  fire, 
and  flir  the  fnow  in  the  plate  : the  fnow  will  diffolve, 
and  the  ice  will  be  formed  on  the  back  of  the  plate, 
which  was  fet  in  the  difh  of  water. 

Mr.  Reaumur  tried  the  effefl  of  feveral  falts,  and 
examined  the  various  degrees  of  cold  by  an  ice  thermo- 
meter, which  being  placed  in  the  fluid  to  be  frozen, 
fhewed  very  exadlly  the  degree  of  cold  by  the  defeent 
of  the  fpirit. 

Nitre,  or  faltpetre,  ufually  pafTes  for  a fait  that  may 
be  very  ferviceable  in  thefe  artificial  congelations  ; but 
the  experiments  of  this  gentleman  prove  that  this  opi- 


nion is  erroneous.  The  mod  perfedlly  refined  faltpetre 
employed  in  the  operation  funk  the  fpirit  m the  ther- 
mometer only  3 degrees  and  a half  below  the  fixed 
point.  Lefs  refined  nitre  funk  the  thermometer  lower, 
and  gave  a greater  dcgrc'^  of  cold ; owing  to  the 
common  or  fea-falt  that  it  contains  when  lefs  nurc, 
which  has  a greater  effeil  than  the  pure  faltpetre  it'  > 
felf. 

Two  parts  of  common  fait  lieing  mixed  with  tliree 
parts  of  powdered  ice  in  very  hot  weather,  the  fpirit 
in  the  thermometer  immediately  defeended  i j degrees, 
which  is  halt  a efegree  lower  than  it  would  have  de- 
feended  in  the  fevered  cold  of  our  winters.  Mr.  Reau- 
mur then  tried  the  falts  all  round,  determining*  with 

• ^ O 

great  regularity  and  cxaflnefs,  what  was  the  degree  of 
cold  occafioned  by  eacl)  in  a <riven  dofe.  Amoi?''’*  tlie 

^ J O c!>  ■ 

neutral  falts,  none  produced  a greater  degree  of  cohl 
than  the  common  lea  fait.  Among  the  alkalies,  f<il 
ammoniac  funk  tlie  thermometer  only  to  i % denreesr 
Pot-aflies  funk  it  jud  as  low  ns  well  refined  faltpetre. 

lArthe  common  ufes  of  tlie  table,  the  ice  is  not  re- 
quired to  be  very  hard,  or  Inch  as  is  produced  by  long 
continuance  of  violent  cold  : it  is  rather  defired  to  be 
like  Inmv.  Saltpetre,  wiiicli  is  no  very  powerful  freezer, 
is  therefore  more  fit  for  the  purpofe  than  a more  potent 
fait.  It  is  not  neceflary  that  the  congelation  fhould 
be  very  fuddenly  made  ; but  that  it  may  retain  its  form 
as  long  as  may  be,  when  made,  is  of  great  import- 
ance. 

If  it  be  defired  to  have  ices  very  hard  and  firm,  and 
very  fuddenlv  prepared,  then  fea  fait  is  of  all  others  mod 
to  be  chofen  for  the  operation.  The  ices  thus  made 
will  be  very  hard,  but  they  will  foon  run.  Pot-adies 
afford  an  ice  of  about  the  hardnefs  that  is  ufually  re- 

j 

quired.  This  forms  indeed  vei*y  flowly,  but  then  it  will 
preferve  a long  time.  And  common  wood  afhes  will 
perform  the  bufinefs  very  nearly  in  the  fame  manner  as 
the  pot-afhes  ; but  for  this  purpofe,  the  wood  which  is 
burnt,  ought  to  be  frefli. 

The  ftrong  acid  fplrits  of  the  neutral  falts  a6l  much 
mmre  powerfully  in  thefe  congelations  than  the  falts 
themfelves,  or  indeed  than  any  fimple  fait  can  do. 
Thus,  fpirit  of  nitre  mixed  with  twice  its  quamtity  of 
powdered  ice,  immediately  finks  the  fpirit  in  the  ther- 
mometer to  19  degrees,  or  4 degrees  more  tlian  that  ob- 
tained by  means  of  fea  fait,  the  moll  povzerful  of  all 
the  falts  in  making  artificiid  cold.  A rnuch  greater 
degree  of  cold  maybe  given  to  this  mixture,  by  piling 
it  round  with  more  ice  mixed  with  fea  fait.  This  gives 
a redoubled  cold,  and  finks  the  thermometer  to  24  de- 
grees. If  this  whole  matter  be  ^covered  willi  a frelh 
mixture  of  fpirit  of  nitre  and  ice,  a flill  greater  degree 
of  cold  IS  produced,  and  fo  on  ■;  the  cold  being  by  this 
method  of  frefh  additions  to  be  increafed  alinofl  with- 
out bounds:  but  it  is  to  be  obferved,  that  every  addi- 
tion gives  a fmal-ler  Increale  than  tlie  former. 

It  is  very  remarkable  in  the  acid  fpirits,  that  though 
fea  fait  is  fo  much  more  porvei  ful  than  nitre  in  fubflance 
in  producing  cold,  yet  the  fpirit  of  nitre  is  much 
flronger  than  that  of  lea  'fait  ; and  another  not  lefs  won- 
derful phenomenon  is,  that  fpirit  of  wine,  which  is 
little  elfe  than  liquid  fire,  has  as  powerful  an  effeft 
in  congelations,  or  very  nearly  fo,  as  the  fpirit  of  nitre 
itfelf. 
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The  feveral  liquid  fabflances  which  produce  cold,  in 
the  fame  manner  as  the  dry  falls  on  being  mixed  with 
ice,  arc  much  more  fpeedy  in  their  aclion  than  the 
ialts  : becaufe  they  immediately  and  much  more  inti- 
mately come  into  contadf  with  the  particles  of  the  ice, 
than  the  falls  can.  Of  this  nature  are  fpirit  of  nitre, 
fpirit  of  wane,  &c.  To  produce  the  expedled  degree 
of  cold,  it  is  always  neceflary  that  the  ice  and  the  added 
matter,  whatever  it  be,  fliould  both  rim  together, 
and,  intimately  uniting,  form  one  clear  fluid.  It  is 
hence  that  no  new  cold  is  produced  with  oil,  which, 
though  it  melts  the  ice,  yet  cannot  mix  itfelfinto  a ho- 
mogeneous liquid  wdth  it,  but  muff  always  remain  float- 
ing on  the  furface  of  the  ivater  that  is  produced  by  the 
melting  of  the  ice.  Mem.  Acad.  Scienc.  Par.  1734. 

It  has  been  difcovered,  that  fluids  Handing  in  a 
current  of  air,  grow  by  this  means  much  colder 
than  before.  Fabtenheit  had  lonr  fmce  obferved,  that 
a pond,  which  Hands  quite  calm,  often  acquires  a de- 
gree of  cold  much  beyond  what  is  fufficient  for  Freez- 
ing, and  yet  no  congelation  enfued  : but  if  a Hight 
breath  of  air  happens  in  fuch  a cafe  to  bruHi  over  the 
furface  of  the  wmter,  it  Hifferis  the  whole  in  an  inHant. 
It  has  alfo  been  difcovered,  that  all  fubHances  grow 
colder  by  the  evaporation  of  the  fluids  which  they  con- 
tain, or  with  which  they  are  mixed.  If  both  thefe 
methods  therefore  be  pvadlifed  upon  the  fame  body  at 
the  fame  time,  they  wdll  increafe  the  cold  to  almoH  any 
degree  of  intenfenefs  we  pleafe. 

But  the  moH  extraordinary  inflances  of  artificial 
Freezing,  have  fince  been  made  in  Ruflia,  at  Hiidfon’s 
bay,  and  other  parts,  by  which  quickfilver  was  frozen 
into  a folid  mafs  of  metal.  And  the  fame  thing  had 
before  happened  from  the  natural  cold  of  the  atmo- 
fphere  alone,  in  Siberia.  In  the  wnnter  of  1733).  Pro- 
feflbr  Gmelin,  with  two  other  gentlemen  of  the  Ruf- 
fian Academy,  w'-ere  fent  by  Anne  Ivanouna,  the  new 
emprefs,  to  explore  and  deferibe  the  different  parts  of 
her  Afiatic  dominions,  with  the  communication  of  Afla 
and  America.  In  the  winter  of  1734-5,  Mr.  Gmelin 
being  at  Yenefeiflc  in  58®  30'  north  lat.  and  92°  long. 
eaH  from  Greenwich,  firH  obferved  fuch  a defeent  of 
the  mercury,  as  muH  have  been  attended  wdth  congela- 
tion, being  far  below  its  Freezing  point,  now  fixed  at 
— 40  of  Fahrenheit’s  thermometer.  “ Here,  fays  he, 
we  firH  experienced  the  truth  of  what  various  travellers 
have  related  with  refpe£f  to  the  extreme  cold  of  Sibe- 
ria; for,  about  the  middle  of  Hecember,  fuch  fevere 
weather  fet  in,  as  we  were  fure  had  never  been  known  in 
our  time  at  Peterfburg.  The  air  feemed  as  if  it  were 
frozen,  with  the  appearance  of  a fog,  which  did  not 
fuffer  the  fmoke  to  afeend  as  it  iffued  from  the  chim- 
neys. Birds  fell  down  out  of  the  air  as  dead,  and 
froze  immediately,  unlefs  they  were  brought  into  a 
warm  room.  Whenever  the  door  was  opened,  a fog 
fuddenly  formed  round  it.  During  the  day,  fliort  as  it 
was,  parhelia  and  haloes  round  the  fun  were  frequently 
feen  ; and  in  the  night  mock  moons^  and  haloes  about 
the  moon.  Finally,  our  thermometer,  not  fubjedf  to 
the  fame  deception  as  the  fenfes,  left  us  no  doubt  of  the 
f xcefiive  cold  ; for  the  quickfilver  in  it  was  reduced,  on 
the  5th  of  January,  old  Hyle,  to  — 120°  of  Fahren- 
heit’s fcale,  lower  than  it  had  ever  been  obferved  in  na- 
tureP^ 


The  next  inHance  of  congelation  happened  at  Ya* 
kutfle,  in  62°  north  lat.  and  150°  eaH  longitude.  The 
weather  here  was  unufually  mild  for  the  climate,  yet 
the  thermometer  fell  to  —72°;  and  one  perfon  in- 
formed the  profefibr  by  a note,  that  the  m.ercury  in 
his  barometer  was  frozen..  He  haHened  immediately 
to  his  houfe  to  behold  fuch  a fiuqn-ifing  phenomenon  ; 
but  though  he  was  witnefs  to  the  fadl,  obferving  that 
the  mereurv  did  not  continue  in  one  column,  but  was 
divided  in  different  places  as  into  little  cylinders,  which, 
appeared  frozen,  yet  the  prejudice  he  had  entertained 
againH  the  pofiibility  of  the  congelation,  would  not  al- 
low him  to  believe  it. 

Another  fet  of  obfervations,,  in  the  coiirfe  of  which 
the  mercury  muH  frequently  harv'ebeen  congealed,  were 
made  by  profefibr  Gmelin  at  Kirenga  fort,  in  3,7  ,| 
north  lat.,  and  108  call  long.  ; his  thermometer,  at 
different  times,  Handing  at  — 108,  —86,  —100,  — 113, 
and  many  other  intermediate  degre'es  ; in,  the  courfe  of 
the  winter  of  1737-8.  On  the  27th  of  November,  after 
the  thermometer  had  been  Handing  for  two  days  at 
, — 46°,  he  found  it  funk  at  noon  to  —108.  Sufpe^l- 
inof  fome  miHake,  after  he  had  noted  down  the  obferva- 
tion,  he  inHantly  ran  back,  and  found  it  at  — 102  ; but 
afeending  with  i’ucli  rapidity,  that  in  the  fpace  of  half 
an  hour  it  had  rifen  to  19°..  This  phenomenon, 
which  appeared  fo  fiirprifing,  doiibtlefs  depended  on 
the  expanfion  of  the  mercury  frozen  in  the  bulb  of  the 
thermometer,  and  which  now  melting,  forced  upwards, 
the  fmall  thread  in  the  Hem.  And  fimllar  appearances 
were  obferved  on  other  days  afterwards,  when  the 
thread  of  quickfilver  in  the  thermometer  was  feparated 
about  6 degrees. 

A fecond  inHance  where  a natural  congelation  of  mer- 
cury has  certainly  been  obferved,  is  recorded  in  the 
tranfadfions  of' the  Royal  Academy  of  Sciences  at 
Stockholm,  as  made  by  Mr.  Andrew  Hellant.  The 
weather,  in  January  1760,  was  remarkably  cold  In 
Dapland  ; fo  that  on  the  5th  of  that  month,  the  ther- 
mometers fell  to  —76,  —128,  or  lower  ; on  the  23d 
and  following  days  they  fell  to  — 58,  — 79,  —92,  and 
below  —238  entirely  into  the  ball.  This  was  obferved' 
at  four  different  places  in  Lapland,  fitiiated  between: 
the  65th  and  78th  degrees  of  north  iat.  and  the2TH 
and  28th  degree  of  eaH  longitude. 

But  the  congelation  of  quickfilver,  by  an  artificial 
Freezing  mixture,  was  firH  obferved,  and  put  beyond, 
doubt,  by  Mr.  Jofeph  Adam  Braun,  profeffor  ofphilo- 
fophy  at  Peterfburg.  This  gentleman  wilhing  to  ti-y 
how  many  degrees  of  cold  he  could  produce,  availed 
himfelf  of  a good  opportunity  which  offered  for  that, 
purpofe  on  the  14th  of  December  1759?  when  the 
mercury  in  the  thermometer  Hood  in  the  natural  cold  at 

— 34,  which  it  is  now  known  is  only  5 or  6 degrees.- 
above  its  point  of  congelation.  AfiiHing  this  natural 
cold  therefore  with  a mixture  prepared  of  aquafortis  andi 
pounded  ice,  his  thermometer  was  funk  to  —69,  Part 
of  the  quickfilver  mull  now  have  been  really  congealed, 
but  unexpeffed  by  him,  and  he  only  thought  of  pur- 
fuing  his  objeft  of  producing  Hill  greater  degrees  of 
cold  ; and  having  expended  all  his  pounded  ice,  he  was 
obliged  to  ufe  fnow  inHead  of  it.  With  this  frefh 
mixture  the  mercury  funk  to  — 100,  —240,  and 

— 350°.  Taking  the  thermometer  out,  he  found  it 

wholes. 


F R E 


F R E 


[ S>5  ] 


\^liolc,  but  the  quickfilver  fixed,  and  it  continued  fo 
for  12  minutes.  On  repeating  the  experiment,  with 
another  thermometer  which  had  been  graduated  no 
lower  than  —220,  all  the  mercury  funk  into  the  ball, 
and  became  folid  as  before,  and  did  not  re-afcend  till  af- 
ter a ftill  longer  interval  of  time.  Mr.  Braun  now  fuf- 
pe61:ed  that  the  quickfilver  was  really  frozen,  and  pre- 
pared for  making  a decifive  experiment.  This  was  ac- 
complifhed  on  the  25th  of  the  fame  month,  and  the 
bulb  of  the  thermometer  broken  as  foon  as  the  metal 
was  congealed;  when  it  appeared  that  the  mercury  was 
changed  into  a folid  and  Ihining  metallic  mafs,  which 
Hatted  and  extended  under  the  Hrokes  of  a pellle,  being 
rather  lefs  hard  than  lead,  and  yielding  a dull  found  like 
that  metal,  hir.  ^pinus  m.ade  fimilar  experiments  at 
the  fame  time,  employing  as  well  thermometers  as 
tubes  of  a larger  bore  ; in  which  laft  he  remarked,  that 
the  quickfilver  fell  fcnfibly  on  being  frozen,  affurning 
a concave  furface,  and  likewife  that  the  congealed 
pieces  funk  in  fluid  mercury  : alfo,  in  their  farther  ex- 
periments, they  invariably  found  that  the  mercury  funk 
lower  when  the  whole  of  it  was  congealed,  than  if  any 
part  of  it  remained  fluid  ; all  fliewing  that,  contrary 
to  water,  mercury  contracled  in  Freezing.  It  was 
farther  obferved,  that  the  mercury  when  congealed 
looked  like  the  moil  polllhed  filver,  and  when  beaten 
fiat,  it  was  cafily  cut  with  a penknife,  like  foft  thin 
fheet  lead. 

The  faft  being  thus  eHablifhed,  and  fluidity  no 
longer  to  be  conlidered  as  an  effential  property  of 
quickfilver,  Mr.  Braun  communicated  an  account  of 
his  experiments  to  the  Peterfburg  academy,  on  the  6th 
of  September  1760;  of  which  a large  extradl  was  in- 
ferted  in  the  Philof.  Tranf.  vol.  52,  pa.  156.  He  af- 
terwards declared  that  he  never  fuffered  a winter  to  pafs 
without  repeating  the  experiment  of  Freezing  quick- 
filver,  and  never  failed  of  fuccefs  when  the  natural  cold 
was  of  a fufficient  flrength  for  the  purpofc  ; and  this 
degree  of  natural  cold  he  fuppofes  at  —10  of  Fahren- 
heit ; though  fome  commencement  of  the  congelation 
might  be  perceived  when  the  temperature  of  the  air 
was  as  high  as  + 2. 

The  refults  of  all  his  experiments  were,  that  with  the 
abovementloned  frigorlfic  mixtures,  and  once  with  rec- 
tified fpirits  and  fnow,  w'hen  the  natural  cold  was  at 
— 28°,  he  congealed  the  quickfilver,  and  difeovered 
that  it  is  a real  metal  that  melts  with  a very  fmall  degree 
of  heat.  However,  not  perceiving  the  neceflary  con- 
fequence  of  its  great  contraction  in  Freezing,  he  al- 
ways confounded  its  point  of  congelation  -with  that  of 
its  greatefi  contraflion  in  Freezing,  and  thus  marked 
the  former  a great  deal  too  lown 

In  the  procefs  of  his  obfervatlons,  Mr.  Braun  found 
that  double  aquafortis  was  more  effectual  than  fplrlt  of 
nitre  ; but  with  this  fimple  fpirit,  which  feldom  brings 
the  mercury  lower  than  —148,  this  metal  may  be 
frozen  in  the  following  manner  : Six  glaffes  being  filled 
with  fnow  as  ufual,  and  the  thermometer  put  in  one  of 
them,  the  fpirit  of  nitre  v'hs  poured  upon  it  ; when 
the  mercury  would  fall  no  lower  in  this,  the  thermome- 
ter was  removed  to  the  fecond,  and  fo  on  to  the  third 
and  fourth,  in  which  fourth  immerfion  the  mercury  was 
congealed. 

Ivlr.  ^pinus  gives  the  following  direction  for  ufing 


the  fuming  fpirit  of  nitre  : Take  fome  of  this  fpirit, 
cooled  as  much  as  poffible,  and  put  it  into  a wine  glafs 
till  it  be  about  half  full,  filling  it  up  with  fnow,  and 
ftlrring  them  till  the  mixture  become  of  the  confiftence 
of  pap  ; by  which  means  you  obtain,  almoft  in  an  in- 
ffant,  the  neceffary  degree  of  cold  for  the  Freezing  of 
quickfilver. 

It  is  remarked  by  Mr.  Braun,  that  by  the  mixture  of 
fnow  and  fpirit  of  nitre,  which  froze  the  mercury,  he 
never  was  able  to  bring  thermometers,  filled  with  the 
moll  highly  reflified  fpirit  of  wine,  lower  than  — 148  : 
fo  that  the  cold  which  will  freeze  mercury,  will  not 
freeze  fpirit  of  wine  ; and  therefore  fpirit  thermometers 
are  tlie  moll  fit  to  determine  the  degree  of  coldncfs  in 
frigorific  mixtures, ' till  we  can  conllrudfc  folid  metallic 
thermometers  with  fufficient  accuracy.  Mr.  Braun 
tried  the  effedls  of  different  Fluids  in  his  frigorific  mix- 
tures : he  always  found  that  Glauber’s  fpirit  of  nitre 
and  double  aquafortis  were  the  molt  powerful;  and 
from  a number  of  experiments  made  when  the  tempe- 
rature of  the  air  was  between  21  and  28  of  Fahrenheit, 
he  concludes,  that  fpirit  of  fait  pounded  upon  fnow 
increafed  the  natural  cold  36®;  fpirit  of  fal  ammoniac, 
12  ; oil  of  vitriol,  42  ; Glauber’s  fpirit  of  nitre,  70  ; 
aquafortis,  48  ; fimple  fpirit  of  nitre,  36;  dulcified 
fpirit  of  vitriol,  24;  Hoffman’s  anodyne  liquor,  38; 
fpirit  of  hartfliorn,  12;  fpirit  of  fulphur,  12  ; fpirit 
of  wine  redlified,  24;  camphorated  fpirit,  18  ; French 
brandy,  14;  and  feveral  kinds  of  wine  increafed  the 
natural  cold  to  7,  8,  or  9 degrees. 

The  moll  remarkable  congelation  of  mercury,  by 
natural  cold,  that  has  ever  been  obferved,  was  that  re- 
lated by  Dr.  Peter  Simon  Pallas,  who  liad  been  fent  by, 
the  emprefs  of  Ruffia,  with  fome  other  gentlemen,  on 
an  expedition  fimilar  to  that  of  Mr.  Gmelin.  Being  at 
Krafiioyarfle  in  the  year  1772,  in  north  lat.  56°  30', 
and  call  long.  93°,  he  had  an  opportunity  of  obferving 
the  phenomenon  we  fpeak  of.  On  the  6th  and  7th  of 
December  that  year,  fays  he,  there  happened  the 
greated  cold  I have  ever  experienced  In  Siberia  : the  air 
was  calm  at  the  time,  and  fecmingly  thickened ; fo 
that,  though  the  fley  was  In  other  refpccls  clear,  the 
fun  appeared  as  thn'uigh  a fog.  I had  only  one  fmall 
thermometer  left,  In  which  the  fcale  went  no  lower 
than  —7°  ; and  on  the  6th  in  the  morning,  I remarked 
that  the  quickfilver  in  It  lunk  into  the  ball,  except  lome 
fliort  columns  which  Hack  fall;  in  the  tube.  Wlien  the 
ball  of  the  thermometer,  as  it  hung  in  the  open  air, 
was  touched  with  the  finger,  the  qulcklilvcr  role  ; and 
it  could  plainly  be  feen  that  the  folid  columns  lluck  and 
refilled  a good  while,  and  were  at  length  puflicd  up- 
ward with  a fort  of  violence.  He  alio  placed  upon 
the  galleiy,  on  the  north  fide  of  his  houfe,  fome 
quickfilver  in  an  tq^en  bowl.  Within  an  hour  he  found 
the  edges  and  furface  of  it  frozen  folivi  ; and  fome  mi- 
nutes afterward  the  whole  was  condenfe-d  by  the  natu- 
ral cold  into  a foft  mafs  very  much  like  tin.  ^Vhile 
the  inner  part  was  Hill  fluid,  the  frozen  furface  exhi- 
bited a great  variety  of  branched  wrinkles  ; but  in  ge- 
neral It  remained  pretty  fmooth  in  Freezing.  The 
congealed  mercury'  was  more  flexible  than  lead  ; hut  on 
being  bent  Ihort,  it  was  found  more  brittle  than  tin ; and 
when  hammered  out  thin,  it  feemed  fomewhat  granu- 
lated. When  the  hammer  was  not  perfedly  cooled,  the 

3 U 2 ' quickfilver 


F R E 


F R E 


[ 516  ] 


qiilckfilver  melted  away  under  it  in  drops  ; and  the 
fame  tiling  Iiappened  when  the  metal  was  touched 
with  the  linger,  by  which  alfo  the  finger  was  im- 
mediately benumbed.  When  the  frozen  mafs  was 
broken  to  pieces  in  the  cold,  the  fragments  adhered 
to  each  other  and  to  the  bowl  in  which  they  lay.  In 
the  w^arm  room  k thawed  on  its  furface  gradually,  by 
drops,  like  wax  on  the  fire,  and  did  not  melt  all  at  once. 
Although  the  froil  feemed  to  abate  a little  towards 
night,  yet  the  congealed  quickfilver  remained  unalter- 
ed, a.pd  the  experiment  with  the  thermometer  could 
hill  be  repeated.  On  the  yth  of  December  he  had  an  op- 
portunity of  making  the  fame  obfervations  all  day  ; but 
feme  hours-  after  fiinfet,  a northwell  wind  fprung  up, 
which  raifed  the  thermometer  to  —46°,  when  the  mafs 
of  quickfilver  began  to  melt. 

The  experiments  of  Mr.  Braun  were  fuccefsfully 
repeated  at  Gottingen,  in  1774,  by  Mr.  John  Frede- 
rick Blumenbach  ; being  encouraged  to  this  attempt  by 
the  exceffive  cold  of  the  winter  that  year,  eipecially  the 
. night  of  January  the  nth,  when  he  made  the  experi- 
ment, the  thermometer  Handing  at  —10  in  the  open 
air.  Mr.  Elnmenbach  at, 5 in  the  evening,  put  3 
drachms  of  quickfilver  into  a fmall  fugar  glafs,  and  co- 
vered it  with  a mixture  of  fhow'^  and  Egyptian  fal  am- 
moniac, fetting  the  glafs  out  in  the  air  upon  a mixture 
alio  of  fal  ammoniac.  At  one  the  next  morning,  the 
mercury  was  found  frozen  quite  folid,  and  hard  to  the 
glafs  ; and  did  not  melt  again  till  7 or  8 the  next 
morning.  The  colour  of  the  frozen  mercury  was  a 
dull  pale  white  with  a blueidi  caft,  like  zinc,  very  dif- 
ferent from  the  natural  appearance  of  quickfilver. 

In  the  year  1775,  by  fimilar  means,  quickfilver  was 
twine  frozen  by  Mr.  Hutchins,  governor  of  Albany 
fort,  in  Fludfon’s  bay,  viz,  in  the  month&.of  January 
and  February  of  that  year.  And  the  fame  was  done  on 
the  28th  of  January  1776,  by  Dr.  Lambert  Bicker, 
fecretary  of  R.Gtterdam.  The  temperature  of  the  at- 
mofphere  ivas  then  at  + 2*^ ; and  the  loweib  it  could 
reduce  the  thermometer  by  artificial  cold,  was  — • 94  ; 
when,  on  breaking  the  glafs,,  the  mercury  was  found 
frozen. 

In  the  beginning  of  the  year  1780  M.  Von  Elterlein 
of  Vytegra,  a town  of  Ruffia,  in  lat.  61°  north,  and 
long.  -2,6°  eafl,  froze  quickfilver  by^.  natural  cold.  On 
the  4th  of  January  178c,  the  cold  being  increafed 
to  —34  that  evening  at  Vytegra,  he  expofed  to  the 
open  air  3 ounces  of  very  pure  quickfilver  in  a china 
teacup,  covered  with  paper  pierced  full  of  holes. 
Next  day,  at  8 in  the  morning,  he  found  it  folid,  and 
looking  like  a piece  of  caH  lead,  with  a confiderable  de- 
preffion  in  the  middle..  On  attempting  to  loofen  it  in 
the  cup,  his  knife  raifed  fhavings  from  it  as  if  it  had 
been  lead,  which  remained  flicking  up  and  at  length 
the  metal  feparated  from  the  bottom  of  the  cup  in  one 
mafs.  He  then  took  it  in  his  hand  to  try  if  it  v/ould 
bend  : it  was  ftifF  like  glue,  and  broke  into  two  pieces; 
blit  his  fingers  immediately  loll  all  feeling,  and  could 
fcarceiy  be  reijored  in  an  hour  and  a half  by  rubbing 
with  fnow.  At  8 o’clock  the  thermometer  flood  at 
— 57  ; but  half  after  9 ft  was  rffen  to  —40  ; and  then 
' the  two  pieces  of  mercury  which  lay  in  the  cup  had 
loft  fo  much  of  their  hardnefs,  that  they  could  no 
longer  be  broken,  or  cut  into  fiiavfngs,  but  referabled 


a thick  amalgam,  which,  though  it  became  fluid' 
when  preffed  by  the  fingers,  immediately  afterwards 
returned  the  confiflence  of  pap.  With  the  thermo- 
meter at  — 39,  the  quickfilver  became  fluid.  The  cold 
was  never  lefs  on  the  5th  than  —28,  and  by  9 in  the 
evening  it  had  increafed  again  to  — 33.  This  experi- 
ment feems  to  fix  the  Freezing  point  of  mercury  at 
—40  of  Fahrenheit’s  thermometer,  or  40  below  o ; .. 
which  is  72°'  below  the  Freezing  point  of  water. 

In  the  winter  of  1781  and  82,  Mr.  Hutchins  re- 
fumed the  fubjedl  of  Freezing  quickfilver  by  artificial 
cold,  with  fuch  fuccefs,  that  from  his  experiments  and 
thofe  of  M.  Von  Elterlein,  laft  mentioned,  the  Freez- 
ing point  of  mercury 'is  now  almoil  as  well  fettled,  viz 
at  —40,  as  that  of  water  is  at  4-  32.  Other  philofo* 
pliers  indeed  had  not  been  altogether  inattentive  to  this 
fubje61;.  Profeflbr  Braun  himfelf  had  taken  great 
pains  to  invefligate  it ; but  for  want  of  a proper  atten- 
tion to  the  difference  between  the  contraction  of  the 
fluid  mercury  by  cold,  and  that  of  the  congealing  me-  . 
tal  by  Freezing,,  he  could  not  determine  any  thing  cer- 
tain concerning  it. 

An  inflance  of  the  natural  congelation  of  quickfilver 
alfo  occurred  in  Jemptland,  one  of  the  provinces  oF 
Sweden,  on  the  ill  of  January  1782  ; and  laftly,  on 
the  26th  of  the  fame  month,  Mr.  Hutchins  obferved. ' 
the  fame  effeCl  of  the  cold  at  Hudfon’s  bay  ; when  he 
found  that  at  the  point  of  its  Freezing  a mercurial 
thermometer  Hood  at  —40,  and  a fpirit  thermometer 
at  — 30.. 

On  this  fubjeCI:,  fee  the  PhiloH  Tranf.  vol,  pa. 
6'72  1 vol.  52,  pa.  156  ; vol.  66,  pa,  174  ; vol.  73,  pa. 
303  and  325  ; vol.  76,  pa.  241  ; vol.  77,  pa.  285  ; 
vol.  78,  pa.  43  ; and  feveral  others,  particularly  vol. 
79,  pa.  199,  &c,  being  experiments  on  the  congelation  .5 
of  quickfilver  in  England,'  by  Mr.  Richard  Walker^ 
where  he  proves  that  mercurj'’  may  be  frozen  not  only 
in  England  in  fummer,  but  even  in  the  hotteH  climate, 
at  any  feafon  of  the  year,  and  without  the  uie- of 
ice  or  fnow. 

Freezing  Point,  denotes  the  point  or  degree  of 
cold,  (hewn  by  a mercurial  thermometer,  at  which 
certain  fluids  begin  to  freeze,  or,  when  frozen,  at  '• 
VvEich  they  begin  to  thaw  again.  On  Fahrenheit’s 
thermometer,  this  point  is  at  + 32  for  water,  and  at 
—40  for  quickfilver,  thefe  fluids  freezing  at  thofe  two 
points  refpedlively..  It  would  alfo  be  well  if  the  Freez- 
ing points  for  other  fluids  were  afeertained,  and  the 
v/hole  arranged  in  a table. 

Freezing  Rain,  or  Raining  Ice,  a very  uncommon 
kind  of  Ihower  which , fometimes  falls,  particularly 
one  in  December  i672,„..in  the  weft  of  England;  of  ' 
which  fome  accounts  are  given  in  the  Philof.  Tranf.  . 
number  90. 

This  rain,  as  foon  as  it  touched  any  thing  above 
ground,  as  a bough,  or  the  like,  immediately  fettled 
into  ice  ; arid  by  enlarging  and  multiplying  the  icicles, 
it  broke  all  down  with  its  weight.  The  rain  that  fell 
on  the  fnovv,  immediately  froze  into  icp,  without  fink- 
ing in  the  fnow  at  all. 

It  made  an  amazing  deftrudtion  of  trees,  beyond  any 
thing  in  all  hiHory.  “ Had  it  concluded  with  fome 
guH  of  v/ind,  fays  a gentleman  on  the  fpot,  it  might 
have  been  of  terrible  confequence.  Having  weighed 
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tile  ipng  of  an  aOi  tree,  the  wood.,  of  which  was  juft 
three  quarters  of  a pound,  the  ice  upon  it  amounted  to 
1 6 pounds.  Some  were  frighted  with  the  noife  in  the 
air  ; till  they  difcerned  it  was  the  clatter  of  icy  boughs 
dafhed  againil;  each  other.”  Dr.  Beale  obferves,  that 
there  was  no  confiderable  fnjfl  perceived  on  the  ground 
during  the  whole  ; from  which  he  concludes,  that  a 
froft  may  be  ver)' fierce  and  dangerous  on  the  tops  of 
fome  hills,  while  in  other  places  it  keeps  at  fome  feet 
above  the  ground  ; and  may  wander  about  very  furious 
in  fome  places,  and  beremifs  in  others  not  far  off.  This 
rain  was  followed  by  glowing  heats,  and  a w^onderful 
for  wardnefs  of  vegetation. 

FRENICLE  (Bernard),  a celebrated. French  ma- 
thematician of  the  17th  century.  He  w^as  the  contem- 
porary and  companion  of  Oes  Cartes,  Fermat,  and  the 
other  learned  mathematicians  of  their  time.  He  was 
admitted  Geometrician  of  the  French  Academy  in 
1666  ; and  died  in  1675.' 

He  had  many  papers  infertedin  the  Ancient  Memoirs 
of  the  Academy,  of  1666,  particularly  in  vol.  5,  of 
that  colledfion,  viz,  j.  A method  of  refolving  pro- 
blems by  Excliifions.' — 2.  Treatife  of  right-angled  Tri- 
angles in  Numbers. — 3.  Short  tra6l  on  Combinations. 

^ — 4.  Tables  .of  Magic  Squares. — 5.  General. method 
of  making  Tables  of  Magic  Squares.  . 

FRESCO,  is  a fort  of  painting  which,  is  made  upon 
the  plallering  of  walls  before  it  is  dry. 

FRI.^BIEITY,  the  propertry  of  a body  that  is 
Friable. 

FRIABLE,  a quality  of  bodies  by  which  they  are 
rendered  tender  and  brittle,  eafdy  crumbled  or  reduced 
to  powder  between  the  fingers  ; their  force  of  cohefion 
being  fuch  as  eafily  expofes  them  to  fuch  folution. 
Such  are  pumice,  and  all  calcined  flones,  burnt  alluni, 
&:c. 

It  is  fuppofed  that  Friability  arifes  from  hence,  that 
the  body  confifts  w'holly  of  diy  parts  iiTCgularly  com- 
bined, and  which  aie  readily  feparated,  as  having  no- 
tliing  unffuous  or  glutinous  to  bind  them  together. 

FRICTION,  the  a£f  of  rubbing  or  grating  the 
furfaces  of  bodies  againil  or  over  each  other,  called  alfo 
Attrition. 

The  phenomena  arifing  from  the  Fri6lion  of  divers 
bodies,  under  different  circumftances,  are  very  nume- 
rous and  confiderable.  Mr.  Hawkfbee  gives  a num- 
ber of  experiments  of  this  kind  ; particularly  of  the 
attrition  or  Fridlion  of  glafs,  under  various  circum- 
llances  ; the  refult  of  which  was,  that  it  yielded  light, 
and  became  eleCfrical.  Indeed  all  bodies  by  hhidlioii 
are  brought  to  conceive  heat ; many  of  them  to  emit 
fight;  particularly  a cat’s  back,  fugar,  beaten  fulphur, 
meicury,  fea  water,  gold,  coppei',  &c,  but  above  all 
diamonds,  which  when  briflcly  rubbed  againfl  glafs, 
gold,  or  the  like,  yield  a light  equal  to  that  of  a live 
coal  v/hen  blow^ed  by  the  bellows. 

Friction,  in  Mechanics,  denotes  the  refiftance  a 
moving  body  meets  with  from  the  furface  on  wdiich  it 
moves. 

Fri6:ion  arifes  from  the  roiighnefs  or  afperity  of  the 
furface  of  the  body  moved  on,  and  that  of  the  body 
moving  ; for  fuch  furfaces  confifiing  alternately  of  cmi- 
nenccb  and  cavities,  either  the  eminences  of  the  one 
muft  be  raifed  over  thofe  of  the  other,  or  they  mufl  be 


both  broken  and  w'orn  off : but  neither  can  happen 
without  motion,  nor  can  motion  be  produced  without 
a force  impreffed.  Flence  the  force  applied  to  move 
the  body  is  either  wholly  or  partly  fpent  on  this  efFe6l ; 
and  confequently  there  arifes  a refitance,  or  Friffcion, 
wmich  will  lie  greater  as  the  eminences  are  greater, 
and  the  fubfcance  the  harder  ; and  as  the  body,  by 
continual  Friilion,  becomes  more  and  more  polifhed, 
the  Friefion  diminiflies. 

As  the  Friction  is  Icfs  in  a body  that  rolls,  than  w’hen 
it  hides,  hence  in  machines,  lell  the  Friclion  fliould  em- 
ploy a great  part  of  the  power,  care  is  to  be  taken  that 
no  part  of  the  machine  hide  along  another,  if  it  can  be 
avoided  ; but  rather  that  they  roll,  or  turn  upon  each 
other.  With  this  view'’  it  may  be  proper  to  lay  the 
axes  of  cylinders,  not  in  a groove  or  concave  matrix,  as 
ufual,  but  between  little  wheels,  called  Friclion  wheels, 
moveable  on  their  refpedlive  axes  : for  by  this  contri- 
vance, the  Friction  is  transferred  from  the  circumfe- 
rence of  thofe  whieels  to  their  pivots.  And  in  like 
manner  the  Friction  may  be  hill  farther  diminifhed,  by 
making  the  axis  of  thofe  w'heeis  reft  upon  other  Fridlion 
wheels  that  turn  round  with  them.  This  was  long 
fince  recommended  by  P.  Cafabiis;  and  experience  con- 
firms the  truth  of  it.  Hence  alfo  it  is,  that  a pulley 
moveable  on  its  axis  refifts  lefs  than  if  it  were  fixed,  and 
the  cord  fiidinof  over  the  circumference.  And  the  fame 
may  be  obferved  of  tlie  wheels  of  coaches,  and  other 
carriages.  Indeed  about  20  years  ago  Friftion  balls 
or  rollers  were  placed  within  the  naves  of  carriage 
wheels  by  fome  perfons,  particularly  a Mr.  Vario ; and 
lately  Mr.  Garnett  had  a patent  for  an  improved  man- 
ner of  applying  Friclion  wTeels  to  any  axis,  ,as  of  car- 
riages, blocks  or  pulleys,  fcale  beams,  &c,  in  wFfch 
the  inclofed  wheels  or  rollers  arc  kept  always  at  the 
fame  diftance  by  conneff  ing  rods  or  bars. 

From  thefc  principles,  with  the  aififtance  of  the 
higli  er  geometry,  Olaus  Roemer  determined  the  figure 
of  the  teeth  of  wdieels,  that  Ihould  make  the  leaft  re- 
filtance  pqlfible,  which  he  found  fhoiild  be  epicycloid?. 
And  the  fame  was  afterwards  demonilrated  by  De  la 
Hire,  and  Camus. 

M.  Amontons,  by  experiment,  attempted  to  fettle 
a foundation  for  the  precife  calculation  of  the  quantity 
of  Friction  ; which  M.  Parent  endeavoured  to  confirm 
from  reafoning  and  geometry.  M.  A'.ncatons’  princi- 
ple is,  that  the  FriCcion  of  two  bodies  depends  only 
on  the  weight  or  force  with  which  they  prefs  each 
other,  being  always  more  or  lefs  in  proportion  to  that 
prelfure  ; elteeming  it  a vulgar  error,  that  the  quantity 
of  Friction  has  any  dependence  on  the  extent  of  the 
furface  that  is  rubbed,  or  that  the  Friclion  increafes 
w'ith  the  furface  ; arguing  that  it  will  require  the  fame 
w'cight  to  draw"  along  a plane,  a piece  of  w"Ood  on  its 
narrow  edge,  as  on  its  broad  and  flat  fide  ; becaiife, 
though  on  the  broad  fide  there  be  4 times  the  number 
of  touching  particles,  yet  each  particle  is  preffed  w"ith 
but  4 of  the  w'eight  bearing  on  thofe  of  the  narrow 
fide  ; and  fince  4 times  the  number  multiplied  by  C of 
the  w"eight  is  equal  to  d of  the  number  multiplied  by  4 
times  the  weight,  it  is  plain  that  the  efteCt,  that  is,  the 
refiftance,  is  equal  in  both  cafes,  and  therefore  requires 
the  fame  force  to  overcome  it. 

On  the  firft  propofal  of  this  paradox,  M.  De  la  Hire 
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very. properly  had  recourfe  to  experiments,  as  the  hefl 
tell,  had  they  been  judiciouily  performed  : fuch  as  they 
were  however,  they  fucceeded  in  favour  of  this  fyftem. 
He  laid  feveral  pieces  of  rough  wood  on  a rough  table  ; 
their  frzes  were  unequal  j but  he  laid  weights  on  them, 
fo  as  to  render  them  all  equally  heavy  : and  he  found 
that  the  fame  precife  force,  or  weight,  applied  to  them 
by  a little  pulley,  was  required  to  put  each  in  motion, 
notwithftandiiig  all  the  inequality  of  the  mrfaces.  The 
experiment  fucceeded  in  the  fame  manner  with  pieces 
of  marble,  laid  on  a marble  table.  After  this,  by 
reafoning,  M.  de  la  Hire  gave  a phyfical  foliition  of 
the  effeA,  And  M.  Annontons  fettled  a calculus  of 
the  value  of  Friction,  wuth  the  lofs  fiiftained  by  it  in 
machines,  on  the  foundation  of  this  new  principle.  In 
wood,  iron,  lead,  and  brafs,  'which  are  the  chief  materials 
ufed  in  machines,  he  makes  the  refiftance  caiifed  by  Fric- 
tion to  be  nearly  the  fame  in  all,  when  tliofe  materials 
are  anointed  with  -oil  or  fat  : and  the  quantity  of  this 
refiftance,  independent  of  the  magnitude  of  the  furface, 
he  makes  nearly  equal  to  a third  part  of  the  weight 
of  the  body  moved,  or  of  the  force  with  which  the  two 
bodies  are  preiTed  together.  Others  have  obferved, 
that  if  the  furfaces  be  hard  and  well  polilhed,  the 
Friction  will  be  lefs  than  a third  part  of  the  weight ; but 
if  the  parts  be  foft  or  rugged,  it  will  be  much  greater. 
It  was  farther  obferved,  that  in  a cylinder  moved  on 
two  fmall  gudgeons,  or  on  a fmall  axis,  the  Friftion 
would  be  diminiflied  in  the  fame  proportion  as  the  dia- 
meter of  tkefe  gudgeons  is  lefs  than  the  diameter  of  the 
cylinder  ; becaiife  in  this  cafe,  the  parts  on  which  the 
cylinder  moves  and  rubs,  will  have  lefs  velocity  than  the 
power  which  moves  it  in  the  fame  proportion,  which  is 
in  effedt  making  the  Fri(9:ion  to  be  proportional  to  the 
velocity.  So  that,  from  the  whole  of  their  obferva- 
tions,  this  general  propolition  is  deduced,  viz,  That 
the  refiftances  ariling  from  Fridlion,  are  to  one  another 
in  a ratio  compounded  of  the  prefTures  of  the  rubbing 
parts,  and  the  velocities  of  their  motions.  Principles 
which,  it  Is  now  known  from  better  experiments,  are 
both  erroneous  ; notwitlillanding  the  hypothefis  of 
M.  Amontons  has  been  adopted,  and  attempted  to  be 
confirmed  by  Camus,  Defaguliers,  and  others. 

M.  Mufehenbroek  and  the  abbe  Nollet,  however,  on 
the  other  hand,  have  concluded  from  experiments,  that 
the  Friction  of  bodies  depends  on  the  magnitude  of 
their  furface,  as  v/ell  as  on  their  weight.  Though  the 
former  fays,  that  in  fmall  velocities  the  Fridlion  varies 
very  nearly  as  the  velocity,  but  that  in  great  velctcities 
the  proportion  increafes  fatter  : he  has  alfo  attempted  to 
prove,  that  by  increafingthe  weight  of  a body,  the  Friction 
doesnot  always  incrcafe  exaCtly  in  the  fame  ratio.  Introd. 
ad  Phil.  Nat.  vol.  i,  c.  9,  and  LeCt.  Phyf.  Exp.  tom.  i, 
p.  241.  Helfham  andFergufon,  from  the  fame  kind  of  ex- 
periments, have  endeavoured  to  prove,  that  the  FriCtion 
does  not  vary  by  changing  the  quantity  of  furface  on 
which  the  body  moves  ; and  the  latter  of  thefe  afferts, 
that  the  Fridiion  increafes  very  nearly  as  the  velocity  ; 
and  that  by  increafing  the  weight,  the  FriClion  is  in- 
creafed  in  the  fame  ratio.  Indeed  there  is  fcarce  any 
fubjeCt  of  experiment,  with  regard  to  which,  different 
perfons  have  formed  fuch  various  conclufions.  Of  thofe 
who  have  written  on  the  theory,  no  one  has  eftablifhed 
It' altogether  on  true  principles,  till  the  experiments 


lately  made  by  Mr.  Vince  of  Cambridge  : Euler* 
whofe  theory  is  extremely  elegant,  and  would  have 
been  quite  fatisfaClory  had  his  principles  been  founded 
on  good  experiments,  fuppofes  the  FriCtion  to  vary  in 
proportion  to  the  velocity  of  the  body,  and  its  pref- 
fiire  upon  the  plane;  neither  of  which  is  true:  and 
others,  though  they  have  juftly  imagined  that  FriCtion 
is  a uniformly  retarding  force,  have  yet  retained  the 
other  fuppofition,  and  fo  rendered  their  folutions  not  at 
all  applicable  to  the  cafes  for  v/liich  they  were  in- 
tended. 

For  thefe  reafons  a new  and  ingenious  fet  of  experi- 
ments was  fuccefsfully  inttituted  hy  the  rev.  Samuel 
Vince,  A.  M.  of  Cambridge,  v/hich  are  publifhed  in  the 
75th  vol.  of  the  Philof.  Tranf.  p.  The  object  of 

thefe  experiments  was  to  determine, 

itt.  Whether  FriCtion  be  a uniformly  retarding 
force. 

2d,  The  quantity  of  FriClion. 

3d,  Whether  FriClion  varies  in  proportion  to  the 
preifure  or  weight. 

4th,  Whether  the  FriClion  be  the  fame  on  whichever 
of  its  furfaces  a body  moves. 

Mr.  Vince  fays,  “ the  experiments  were  made  with 
the  utmott  care  and  attention,  and  the  feveral  refults 
agreed  fo  very  exaCtly  with  each  other,  that  1 do  not 
fcruple  to  pronounce  thein  to  be  concluttve.’^ — “ A 
plane  was  adjufted  parallel  to  the  horizon,  at  the  extre- 
mity of  which  was  placed  a pulley,  which  could  be 
elevated  or  depretted  in  order  to  render  the  firing  which 
conneCled  the  body  and  the  moving  force  parallel  to 
the  plane  or  horizon.  A fcale  accurately  divided  was 
placed  by  the  fide  of  the  pulley  perpendicular  to  the 
horizon,  by  the  fide  of  wFich  the  moving  force  de- 
feended  ; upon  the  fcale  was  placed  a moveable  ttage, 
wdiich  could  be  adjufted  to  the  fpace  through  which 
the  moving  force  defeended  in  any  given  time,  which 
time  was  meafured  by  a well  regulated  pendulum  clock 
vibrating  feconds.  Every  thing  being  thus  prepared, 
the  following  experiments  were  made  to  afcertaiii 
the  law  of  FriCtion.  But  let  me  firtt  obferve,  that 
if  Friction  be  a uniform  force,  the  difference  between 
it  and  the  given  force  of  the  moving  power  mutt  be 
alfo  uniform,  and  therefore  the  moving  body  mutt  dc- 
feend  with  a uniformly  accelerated  velocity,  and  confe- 
quently  the  fpaces  deferibed  from  the  beginning  of  the 
motion  miift  be  as  the  fqiiares  of  the  times,  juft  as 
when  there  was  no  FriTion,  only  they  will  be  diminittied 
on  account  of  the  FriCtion.’’  /Accordingly  the  expe- 
riments are  then  related,  wdiich  are  performed  agreeably 
to  thefe  ingenious  and  philofophical  ideas,  and  from 
them  are  deduced  thefe  general  conclufions,  which 
may  be  confidered  as  eftablifhed  and  certain  faCts  or 
maxims  . viz, 

I ft,  That  Friction  is  a uniformly  retarding  force  in 
hard  bodies,  not  fubjebl  to  alteration  by  the  velocity  s 
except  when  the  body  is  covered  v/ith  cloth,  woollen, 
&c,  and  in  this  cafe  the  FriCtion  increafes  a little  with 
the  velocity. 

2dly,  FriClion  increafes  in  a lefs  ratio  than  the  quan- 
tity of  matter,  or  weight  of  the  body.  This  increafe 
how^ever  is  diiierent  for  the  different  bodies,  more  or 
lefs  j nor  is  it  yet  fufHciently  known,  for  any  one 
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body,  w!iat  proportion  tlie  increafe  of  Friction  bears  to 
the  increafe  of  weight. 

^dly,  The  fmallell  furface  has  the  lead  Friction  ; the 
weight  being  the  fame.  But  the  ratio  of  the  Friction 
to  the  furface  is  not  yet  accurately  known. 

Mr.  Vinceh^  experiments  confided  in  determining 
how  far  the  fliding  bodies  would  be  drawn,  in  given 
times,  by  a weight  hanging  freely  over  a pulley.  This 
method  would  both  fliew  him  if  the  Friction  were  a 
condant  retarding  force,  and  the  other  'coiiclulions 
above  dated.  For  as  the  fpaces  defcribed  by  any  con- 
dant force,  in  given  times,  are  as  the  fquares  of  the 
times  ; and  as  the  weight  drawing  the  body  is  a con- 
dant force,  if  the  Friction,  which  a£ts  in  oppofitlon  to 
the  weight,  fhould  alfo  be  a condant  force,  then  their 
difference,  or  the  force  by  which  the  body  is  urged, 
will  alfo  be  condant,  in  v/hich  cafe  the  fpaces  defcribed 
ought  to  be  as  the  fquares  of  the  times;  which  hap- 
pened accordingly  in  the  experiments. 

Mr.  Vince  adds  fome  remarks  on  the  nature  of  the 
experiments  which  have  been  made  by  others.  Thefe, 
he  obferves,  the  authors  “ have  indituted,  To  find 
•what  moving  force  wouldy^  put  a body  at  red  in  mo- 
tion ; and  they  concluded  from  thence,  that  the  acce- 
lerative force  was  then  equal  to  the  Fridiiion  ; but  it  is 
manifed,  tliat  any  force  which  will  put  a body  in  mo- 
tion mud  be  greater  than  the  force  which  oppofes  its 
motion,  otherwife  it  could  not  overcome  it;  and  hence, 
if  there  were  no  other  objection  than  this,  it  is  evident, 
that  the  Friction  could  not  be  very  accurately  obtained; 
but  there  is  another  obje6tion,  which  totally  dedroys 
the  experiment,  fo  far  as  it  tends  to  fliew  the  quantity 
of  Friction,  which  is  the  drong  cohefion  ofthebody  to 
the  plane  when  it  lies  at  red.^’  This  he  confirms  by 
feveral  experiments,  and  then  adds,  “ From  thefe  ex- 
periments therefore  it  appears,  how  very  confiderable 
the  cohefion  was  in  proportion  to  the  Fri6tion  when 
the  body  was  in  motion  ; it  being,  in  one  cafe  almod 
and  in  another  it  was  found  to  be  very  nearly  equal 
to  the  whole  Fridtion.  All  the  conclufions  therefore 
deduced  from  the  experiments,  which  have  been  indi- 
tuted to  determine  the  Fridlion  from  the  force  neceffary 
to  put  a body  in  motion  (and  I have  never  feen  any  de- 
fcribed but  upon  fuch  a principle)  have  manifedly  been 
totally  falfe  ; as  fuch  experiments  only  fhew  the  refid- 
ance  which  arifes  from  the  cohefion  and  Fridlion  con- 
jointly.’^ Philof.  Tranf.  vol.  75,  pa.  165. 

Mr.  Emerfon,  in  his  Principles  of  Mechanics,  de- 
duces from  experiments  the  following  remarks  relating 
to  the  quantity  of  Fridfion  : When  a cubic  piece  of 
foft  wood  of  8 pounds  weight,  moves  upon  a fmooth 
plane  of  foft  wood,  at  the  rate  of  3 feet  per  fecond, 
its  Friclion  is  about  | of  the  weight;  but  if  it  be  rough, 
the  Fridlion  is  little  lefs  than  half  the  weight : on  the 
fame  fiippofition,  when  both  the  pieces  of  wood  are 
very  fmooth,  the  Fridlion  is  about -jr  of  the  weight : 
the  Fridtion  of  foft  wood  on  hard,  or  of  hard  v/ood 
upon  foft,  is  y or  -j-  of  the  weiglit ; of  hard  wood 
upon  hardwood,  y or  of  polifhed  deel  moving  on 
deel  or  pewter,  ^ ; moving  on  copper  or  lead,  4 t)f  the 
weight.  He  obferves  in  general,  that  metals  of  the 
fame  fort  have  more  Fridfion  than  thofe  of  different 
forts;  that  lead  makes  much  refi (lance  ; that  iron  or 
deel  running  in  brafs  makes  the  lead  Fridlion  of  any  ; 
and  that  metals  oiled  make  the  Fridlion  lefs  than  when 


polifhed,  and  twice  as  little  as  when  unpolifhed.  Defa» 
giiliers  obferves  that,  in  M.  Camus’s  experiments  on 
fmall  models  of  fledges  in  adliial  motion,  there  are  more 
cafes  in  which  the  Fridlion  is  lefs  than  where  it  is  more 
than  4 of  the  weight.  See  a table,  exhibiting  the 
Fridlion  betv/een  various  fubdances,  formed  from  hia 
experiments  in  Defag.  Exp.  Philof.  vol.  i,  p.  195 
&c.  alfo  p.  133  to  138,  and  p.  182  to  254,  and  p., 
458  to  460.  On  the  fubjedl  of  Fridlion,  fee  feveral 
vols.  of  the  Philof.  Tranf.  as  vol.  i,  p.  206;  vol. 
34,  p.  77  ; vol.  37,  p.  394;  vol.  53,  p.  139,  &c. 

FRIDAY,  the  6th  day  of  the  week,  fo  called 

from  Friga,  or  Friya,  a goddefs  worfliipped  by  the 

Saxons  on  this  day.  It  is  a fad-day  in  the  church  of 

England,  in  memory  of  our  Saviour’s  crucifixion,  un- 

lefs  Chridmas-day  happen  to  fall  on  Friday,  which  is 

always  a fedival. 

¥ 

Good  Friday,  the  Friday  next  before  Eader,  re- 
prefenting  the  day  of  our  Saviour’s  crucifixion. 

FRIGID  Zone,  the  fpace  about  either  pole  of  the 
earth  to  which  the  fun  never  rifes  for  one  whole  day 
at  lead  in  their  winter.  Thefe  two  zones  extend 
to  about  23^  degrees  every  way  from  the  pole,  as 
their  centre. 

FRIGORIFIC,  in  Phyfics,  fomething  belonging 
to,  or  that  occafions  cold. — Some  philofophers,  as 
Gaffendus,  and  other  corpiifculariaus,  denying  cold  to 
be  a mere  privation,  or  abfence  of  heat,  contend  that 
there  are  adlual  Frigorific  corpufcles  or  particles,  as 
well  as  fiery  ones  ; whence  proceed  cold  and  heat.  But 
later  philofophers  allow  of  no  other  Frigorific  particles 
beiide  thofe  nitrous  falts  &c,  which  float  in  the  air  in 
cold  weather,  and  occafion  freezing. 

FRIZE,  Frieze,  or  Freeze,  in  Architedlure,  a 
part  of  the  entablature  of  columns,  between  the  archi- 
trave and  cornice. 

FRONT,  in  Architeflure,  denotes  the  principal 
face  or  fide  of  a building ; or  that  prefented  to  their 
chief  afpe6l  and  view. 

Front,  in  Perfpedlive,  a projedlion  or  reprefenta- 
tion  of  the  face,  or  forepart  of  an  object,  or  of  that 
part  diredlly  oppofite  to  the  eye,  called  alfo  more 
ufually  orthography. 

FRONTISPIECE,  in  Architedlure,  the  portale,  or 
principal  face  of  a fine  building. 

FRONTON,  in  Architedlure,  an  ornament  among 
us  more  ufually  called  Pediment. 

FROST,  fuch  a date  of  the  atmofphere  as  caufes  the 
congelation  or  freezing  of  water  or  other  fluids  into  ice. 

The  nature  and  effc6ls  of  Frod  in  different  countries, 
are  mentioned  under  the  articles  Congelation,  and 
Freezing.  In  the  more  northern  parts  of  the  world, 
even  folid  bodies  are  affedled  by  Froft,  though  this  is 
only  or  chiefly  in  confequence  of  themoidure  they  con- 
tain, which  being  frozen  into  ice,  and  fo  expanding  as 
water  is  known  to  do  when  frozen,  it  burds  and  rends 
any  thing  in  which  it  is  contained,  as  plants,  trees, 
ffones,  and  large  rocks.  Some  fluids  expand  by  Frod, 
as  water,  which  expands  about  y^jth  part,  for  which 
rcafon  ice  floats  in  water  ; but  others  again  contract, 
as  qiiicklilver,  and  hence  frozen  quickfilver  finks  in  the 
fluid  metal. 

Frod,  being  derived  from  the  atmofphere,  naturally 
proceeds  from  the  upper  parts  of  bodies  downwards, 
as  the  water  and  the  earth ; foj  the  longer  a Frod  is 

continued^ 
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continued,  the  thicker  the  ice  becomes  upon  the  wa- 
ter in  ponds,  and  the  deeper  into  the  earth  the  ground 
is  frozen.  In  about  i6  or  17  days  Froft,  Mr.  Boyle 
found  it  had  penetrated  14  inches  into  tlie  ground.  At 
Mofcow,  in  a hard  feafon,  the  Fro  (I  will  penetrate  2 
feet  deep  in  the  ground  ; and  Capt.  James  found  it  pe- 
netrated 10  feet  deep  in  Charlton  ifiand,  and  the  water 
in  the  fame  idand  was  frozen  to  the  depth  of  6 feet. 
Scheffer  affures  us,  that  in  Sweden  the  Froft  pierce3'2 
cubits,  or  Swedifh  ells  into  the  earth,  and  turns  what 
rnoifture  is  found  there  into  a whitifti  fubftaiice,  like 
ice  ; and  ftanding  waters  to  3 ells,  or  more.  The 
fame  author  alfo  mentions  fudden  cracks  or  rifts  in  the 
ice  of  the  lakes  of  Sweden,  9 or  10  feet  deep,  and 
many  leagues  long;  the  rupture  being,  made  with  a 
noife  not  lefs  loud  than  if  many  guns  were  difeharged 
together.  By  fuch  means  however  tlie  iifiieo  are 
furnifned  with  air;  fo  that  they  are  rarely ' found 
dead. 

The  natural  hiftories  of  Frofts  furnifh  very  extraor- 
dinary eftedts  of  them.  The  trees  are  often  fcorched, 
and  burnt  up,  as  with  the  moft  exceffive  heat, ; and 
fplit  or  {battered.  In  the  great  Froft  in '1683,  the 
trunks  of  oak,  alh,  walnut,  dec,  were  miferably  fplit 
and  cleft,  fo  that  they  might  be  feen  through,  and 
the  cracks  often  attended  with  dreadful  noifes ' like 
the  explofion  of  fire-arms.  Philo f.  Tranf.  number 
165. 

The  clofe  of  the  year  1708,  and  the  beginning  of 
1709,  were  remarkable,  throughout  the  greateft  part 
of  Europe,  for  a fevere  Froft.  Er.  Derham  fays,  it 
was  the  greateft  in  degree,  if  not  the,. moft  um’ver- 
fal,  in  the  memory  of  man  ; extending  through  moft 
parts  of  Europe,  though  fcarcely  felt  in  Scotland  of  Ire- 
land. 

In  very  cold  countries,  meat  may  be  preferved  by  the 
Froft  6 or  7 months,  and  prove  tolerable  good  eating. 
See  Capt.  Middleton’s  obfervatioiis  made  in  Hudfoii^s 
bay,  in  the  Philof.  Tranf.  no.  465,  fedt.  2.  In  that 
climate  the  Froft  feems  never  out  of  the  ground,  it 
•having  been  foimd  hard  frozen  in  the  two  fummer 
months.  Brandy  and  fpirit  of  wine,  fet  out  imthe 
open  air,  freeze  to  folia  ice  in  3 or  4 hours.  Lakes 
and  ftanding  waters,  not  above  10  or  12  feet  deep,  are 
frozen  to  the  ground  in  winter,  and  all  their  fifh  pe- 
rifh.  But  in  rivers,  where  the  current  of  the  tide  is 
ftrong,  the  ice  does  not  reach  fo  deep,  and  the  fifli  are 
preferved.  Id.  ib. 

■ Some  remarkable  in’ftances  of  Froft  in  Europe,  and 
chiefly  in  England,  are  recorded  as  below,:  In  the 
year 

220,  Froft  in  Britain,  that  lafted  5 months. 

250,  The  Thames  froze.n  9 weeks. 

291,  Moft  rivers  in  Britain  frozen  6 weeks. 

359,  Severe  Froft  in  Scotland  for  14  weeks. 

508,  The  rivers  in  Britain  frozen  for  2 months. 

558,  The  Danube  quite  frozen  over. 

695,  Th  ames  frozen  6 weeks;  booths' built  on  it. 

759,  -Froft  from  Odt.  i till  Feb.  26,  760. 

827,  Froft  in  England  for  9 weeks. 

■859,  Carriages  ufed  on  the  Adriatic  fea. 

908,  Moft  rivers  in  England  frozen  2 months. 

923,  ^Fhe  Thames  frozen  13  weeks. 

987,  Froft  lafted  120  days  : began  Dec.  22. 

.998,  The  Thames  frozen  5 weeks. 
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1035,  Severe  Froft  on  June.  24  flic  corn  and  fruits 
dettroyed. 

. 1063,  The  Thames  frozen  14  weeks. 

1076,  Froft  in  England  from  Nov.  till  Ap-nil. 

1 1 14,  Several  wooden  bridges  carried  away  by  ice. 

1205,  Froft  from  Jan.  14  till  March2.2. 

1407,  Froft  that  lafted  15  weeks. 

1434,.  From  Nov.,  24  till- Feb.  10.  Tha.mes  frozei. 
dowm  to  Gravefeil-d. 

1683,  Froft  for  1.3  weeks. 

170I,  Severe  Frolfc  for  many  weeks. 

• 1 7 1 5,  The  fame  for  many  weeks. 

1739,  One  for  9 weeks.  Began  Dec.  24., 

1742,  Severe  Froft  for  many  weeks. 

1747,  Severe  Froft  in  Ruffia. 

1754,  Severe  one  in  England. 

,,1760,  The  fame  in  Germany. 

1776,  The  fame  in  England. 

1788,  Thames  frozen  below  bridge  ; booths,  on  it. 

Frost,  is  the  dew  frozen  or  congealed,  early 
in  cold  mornings;  chiefly  in  autumn.  Though  many 
Carteiians  will  have  it  formed  of  a cloud;  and  either 
congealed  in  the  cloud,  and  fo  let  fail  ; or  ready  to  be 
congealed  as  foon  as  it  arrives  at  the  earth. 

Hoar  Froft,  M.  Regis  o’oferves,  confifts  of  an  affem- 
blage  of  little  parcels  of  ice  cryftals  ; which  are  of  va- 
rious figures,  according  to  the  different  difpofition  of 
the  vapours,  when  met  and  condenfed  by  the  cold. 

FRUSTUM,  in  Geometry,  is  the  part  of  a folk! 
next  the  bafe,  left  by  cutting  off  the  top,  or  fegment, 
by  a plane  parallel  to  the  bafe  : as  the  Fruftum  of  a 
pyramid,  of  a cone,  of  a conoid,  of  a fpheroid,  or  of  a 
fphere,  which  is  , any  part,  cornprifed  between  two  pa- 
rallebcircular  fedfions  ; and  the  Middle  Fruftum  of  a 
fphere,  is  that  whofe  ends  are  equal  circles,  having  the 
centre  of  the  fphere  in  the  middle  of  it,  and  equally  dif« 
tant  from,  both  ends. 

For  the  Solid  Content  of  the  Friijlum  vf  a cone^  or  of 
anv  pyramid y ^whatever  fgiire  the  bafe  may  have.  Add 
into  one  fiim,  the  areas  of  the  two  ends  and  tire  mean 
proportional  between  them  ; then  | of  that  fum  will  be 
a mean  area,  or  the  area  of  an  equal  prifm,  of  the  fame 
altitude  with  the  Fruftum ; and  confequently  that 
mean  area  being  multiplied  by  the  height  of  tlie  Fruff 
turn,  the  produdi:  will  be  the  folid  content  of  it. 

That  isjdf  A denote  the  area  of  the  greater  end, 
a that  of  the  lefs,  and  h the  height  ; 

then  A -f  <2  4-  F ^ folidity. 

Other  rules  for  pyramidal  or  conic  Fruftiims  may  be 
feen  in  my  Menfuration,  p.  189,  2d  edit.  1788. 

Fhe  curve  Surface  of  the  Zone  or  Frufum  of  a fphere y 
„is  had  by  multiplying  the  circumference  of  the  Ipliere 
by  the  height  of  the  Fruftum.  Menfur.  p.  197. 

And  the  Solidity  of  the  fame  Friflmn  is  found,  by  add- 
ing  together  the  fquares  of  the  radii  of  the  two  ends, 
and  j of  the  fquare  of  the  height  of  the  Fruftum,  then 
multiplying  the  fum  by  the  faid  height  and  by  the 

.number  I'y^oS.  That  is,  R^  T H \h^  X Iph  is 
the  folid  content  of  the  fpheric  Fruftum,  whofe  height 
is  hy  and  the  radii  of  its  ends  R and  r,  p being  = 
3*1416.  Menfur.  p.  209. 

For  the  Fruftiims  of  fpheroids,  and  conoids,  either 
parabolic  or  hyperbolic,  fee  Menfur.  p.  326,  528,  332, 
382,  435.  And  in  p.  486  &c,  are  general  theorems 
.concerning  the  Fruftum  gf  a fphere,  cone,  fpheroid,  or 

conoid, 
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conoid,  terminated  by  parallel  planes,  when  compared 
with  a cylinder  of  the  fame  altitude,  on  a bafe  equal  to 
the  middle  fedfion  of  the  Fruftum  made  by  a parallel 
plane.  The  difference  between  the  Fruftum  and  the 
cylinder  is  always  the  fame  quantity,  in  different  parts 
of  the  fame,  or  of  fimilar  folids,  or  whatever  the  mag- 
nitude of  the  two  parallel  ends  may  be  ; the  inclination 
of  thofe  ends  to  the  axis,  and  the  altitude  of  the  Fruf- 
tum  being  given  ; and  the  faid  conftant  difference  is  | 
part  of  a cone  of  the  fame  altitude  with  the  Fruftum, 
and  the  radius  of  its  bafe  is  to  that  altitude,  as  the 
fixed  axis  is  to  the  revolving  axis  of  the  Frullum.  Thus, 
if  BEC  be  any  conicw  fedf ion,  or 
a right  line,  or  a circle,  whofe 
axis,  or  a part  of  it,  is  AD  ; 

AB  and  CD  the  extreme  ordi- 
nates, FE  the  middle  ordinate, 

AF  being  = FD  ; then  taking, 
as  AD  to  DK,  fo  is  the  whole 
fixed  axis,  of  which  AD  is  a 
part,  to  its  conjugate  axis  ; and  completing  the  paralle- 
logram AGHD ; then  if  the  whole  figure  revolve  about 
the  axis  AD,  the  line  BEC  will  generate  the  Frufliim 
of  the  cone  or  conoid,  according  as  it  is  a right  line  or 
a conic  fe6fion,  or  it  will  generate  the  whole  folid  when 
AB  vanifhes,  or  A and  B meet  in  the  fame  point  ; like- 
wife  AGHD  will  generate  a cylinder,  and  ADK  a 
cone  : then  is  the  4th  part  of  this  cone  always  equal 
to  the  difference  between  the  faid  cylinder  generated 
by  AGHD  and  the  folid  or  Fruflum  generated  by 
ABECD  ; having  all  the  fame  altitude  or  axis  AD. 

In  the  parabolic  conoid,  this  difference  and  the  cone 
vanifh,  and  the  Fruftum,  or  whole  conoid  ABECD, 
is  always  equal  to  the  cylinder  AGHD,  of  the  fame 
altitude. 

In  the  fphere,  or  fpheroid,  the  Fruftum  ABECD 
• is  lefs  than  the  cylinder  AGHD,  by  F of  the  cone 
AKD.  And 

In  the  cone  or  hyperboloid,  that  Fruftum  is  greater 
'than  the  cylinder,  by  | of  the  faid  cone  AKD,  which 
is  fimilar  to  the  other  cone  I BCD. 

It  may  be  obferved,  that  the  fame  relations  are  true, 
'whether  the  ends  of  the  Fruftum  are  perpendicular  or 
-oblique  to  the  axis.  And  the  fame  will  hold  for  the 
Fruftum  of  any  pyramid,  whether  right  or  oblique  ; 
•and  fuch  a Fruftum  of  a pyramid  will  exceed  the  prifm, 

‘ of  the  fame  altitude,  and  upon  the  middle  fedfion  of 
the  Fruftum,  by  ~ of  the  fame  cone. 

It  has  been  obferved,  that  the  difference,  or  F of  the 
'Cone  AKD,  is  the  fame,  or  conftant,  when  the  altitude 
and  inclination  of  the  ends  of  the  Fruftum  remain  the 
fame.  But  when  the  inclination  of  the  ends  varies,  tlie 
'altitude  being  conftant ; then  the  faid  diftercnce  varies 
fo  as  to  be  always  reciprocally  as  the  cube  of  the  con- 
jugate to  the  diameter  AD.  And  when  both  the  alti- 
tude and  inclination  of  the  ends  vary,  the  differential 
-cone  is  as  the  cube  of  the  altitude  diredftly,  and  the 
cube  of  the  faid  conjugate  diameter  reciprocally : but 
if  they  vary  fo,  as  that  the  altitude  is  always  reciprocal- 
ly as  that  diameter,  then  the  difference  is  a conftant 
‘quantity. 

Another  general  theorem  for  Frujlums,  is  this.  In  the 
Fruftum^  of  any  folid,  generated  by  the  revolution  of 
?-ny  conic  fedion  about  its  axis,  if  to  the  fum  of  the 
VoL.  I, 


two  ends  be  added  4 times  the  middle  fedion,  of  the 
laft  fum  w'ill  be  a mean  area,  and  being  drawn  into  the 
altitude  of  the  folid,  will  produce  the  content.  That 

is,  AE  DC  *F  41'E  X F is  the  content  of 
ABCD. 

And  this  theorern  is  general  for  all  Fruftums,  as  well 
as  the  complete  folids,  whether  right  or  oblique  to  the 
axis,  and  not  only  of  the  folids  generateci  from  the 
circle  or  conic  fedions,  but  alfo  of  all  pyramids,  cones,, 
and^  in  fliort  of  any  folid  whofe  parallel  fedions  are 
fimilar  figures. 

The  fame  theorem  alfo  holds  good  for  any  parabolic 
area  ABECD,  and  is  very  nearly  true  for  the  area  ot 
any  other  curve  whatever,  or  for  the  content  of  any 
other  folid  tiian  thofe  above  mentioned. 

FUGUE,  in  Muftc,  is  wdien  the  different  parts  of  a 
mufical  compofition  follo^v  each  other,  each  repeating 
in  order  what  the  firft  had  performed. 

FULCRUM,  or  Prop,  in  Mechanics,  is  the  fixed 
point  about  which  a lever  &c  turns  and  moves. 

FULGURATING  Phofphorus,  a term  ufed  by 
fome  Englifti^  w'riters,  to  exprefs  a fubftance  of  the 
phofphorus  kind.  It  was  prepared  both  in  a dry  and 
liquid  ftate,  but  the  preparation  it  feems  was  not  well 
known  to  any  but  the  inventor  of  it.  This  matter  not 
only  ftione  in  the  dark  in  both  ftates,  but  communi- 
cated its  light  to  any  thing  it  was  rubbed  on.  When 
inclofed  in  a glafs  veftel  well  flopped,  it  fometimes  would 
I ulgurate,  or  throw  out  little  flafhes  of  light,  and  fome- 
times fill  the  whole  phial  with  waves  of  flame.  It  does 
not  need  recruiting  its  light  at  the  fire,  or  in  the  fun- 
fhiiie,  like  the  phofj^honis  of  the  Bolognian  ftone,  but 
of  itfelf  continues  in  a ftate  of  fhining  for  feveral  years 
together,  and  is  fecn  as  foon  as  expofed  in  the  dark ; 
the  folid  or  dry  matter  always  refembling  a burning 
coal  of  ^fire,  though  not  confuming  itfelf.  Philofi 
Tranf.  N°  134. 

fuliginous,  an  epithet  applied  to  thick  fmokc 
or  vapour  replete  with  foot  or  other  crafs  matter. 

In  the  firft  fufion  of  lead,  there  exhales  a great  deal 
of  I uliginous  vapour,  which  being  retained  and  col- 
lefted,^  makes  what  is  called  Litharge.  And  Lamp- 
black is  wftiat  is  gathered  from  the  Fuliginous  vapours 
of  pines,  and  other  refinous  wood,  when  burnt. 

kUTMINANd,  Fulminans,  or  Fulminating, 
an  epithet  applied  to  fomething  that  thunders,  or  makes 
'a  noife  like  thunder.  ' 


Fulminans.  See  Aurum. 

Pulvis  Fulminans,  is  a compofition  of  3 parts  of 
nitre,  2 parts  of  fait  of  tartar,  and  i of  fulphur. — Both 
the  Aurum  and  Pulvis  Fulminans  produce  their  effedf 
cniefly  downwards  ; in  wnich  they  differ  from  gun- 
powder, which  a<Sls  in  orbem,  or  all  around,  but  prin- 
cipally upwards.  AYhen  the  compofition  is  laid  in 
biafs  ladles,  and  fo  fet  on  fire,  after  folmination,  the 
laciles  ai  e often  found  perforated.  It  differs  alio  from 
gunpowder  in  this,  tliat  it  does  not  require  to  be  con- 
fined, in  order  to  fulminate,  and  it  miift  be  flowly  and 
gradually  heated.  Some  inftants  before  explofion,  a 
light  blue  flame  appears  on  its  furface,  proceeding  from 
the  vapours  beginning  to  kindle.  No  more  fire  01 
flame  is  perceived  during  the  fulmination,  being  fuflo- 
cated  and  extinguifhed  by  the  quieknefs  and  violence  of 
the  commotion.  Nor  does  the  Fulminating  powder 
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generally  kmdie  tlie  combuftible  bodies  in  contacSl  with 
it,  becaufe  ti\e*time  of  its  indammation  is  too  fiiort. 

Fu  fminating  Damp.  See  Damp. 
FULMINATION,  or  Fulguration,  a vehement 
Koiie  or  fhock  rcfembling  thunder,  caufed  by  the  fuddeii 
explofion  and  inflammation  of  divers  preparations  ; as 
aurum  fulminans,  &c,  when  fet  on  fire. 

FUNCTION,  a term  ufed  in  analytics,  for  an  alge- 
braical expreffion  any  how  compounded  of  a certain 
letter  or  quantity  with  other  quantities  or  numbers  : 
and  the  expreffion  is  faid  to  be  a Function  of  that  let- 
ter or  quantity.  Thus  a —4^',  or  ax  + 3^^, 

or  2x—a  or  or  is  each  of  them  a 

Fundlion  of  the  quantity  x. 

On  the  fubje61:  of  Fundlions,  their  divifions,  transfor- 
mations, explication  by  infinite  feries,  &c,  fee  Euler’s 
Analyf.  Infinitorum,  c.  i,  where  the  fubjedl  is  fully 
treated. 

FURLONG,  an  Englifh  long  meafure,  containing 
66oAeet,  or  220  yards,  or  40  poles  or  perches^  or  the 
6 th  part  of  a mile. 

FURNITURE,  in  Dialling,certain  additional  points 
and  lines  drawn  on  a dial,  by  way  of  ornament.  Such 
as  the  figns  of  the  zodiac,  length  of  days,  parallels  of 
declination,  azim.uths,  points  of  the  compafs,  meridians 
of  chief  cities,  Babylonic,  Jewifh,  or  Italian  hours,  &c. 

FUSAROLE,  in  Architecture,  a fmall  round  mem- 
ber cut  in  form  of  a collar,  with  oval  beads,  under  the 
echinus,  or  quarter-round,  in  the  Doric,  Ionic,  and 
Compofite  capitals. 

FUSEE,  or  Fusy,  in  Watch-work,  is  that  part  rc- 
fembling  a low  cone  with  its  fides  a little  funk  or  con- 
cave, which  is  drawn  by  the  fpring,  and  about  which 
the  chain  or  ftrino-  is  wound. 

O 

The  fpring  of  a watch  is  the  firft  mover.  It  is  rolled 
up  in  a cylindrical  box,  againft  which  it  aCls,  and  which 
it  turns  round  in  unbending  itfelf.  The  chain,  which 
at  one  end  is  wound  about  the  Fufee,  and  at  the  other 
faftened  to  the  fpring-box,  difengages  itfelf  from  the 
Fufee  in  proportion  as  the  box  is  turned.  And  hence 
the  motion  of  all  the  other  parts  of  the  fpring-watch. 
Now  the  effort  or  adlion  of  the  fpring  is  continually 
diminiihing  from,  firft  to  laft;  and  unlefs  that  inequality 
was  reCtified,  it  would  draw  the  chain  with  more  force, 
and  wind  a greater  quantity  of  it  upon  the  box,  at  one 
rime  than  another  ; fo  that  the  movement  would  never 
keep  equal  time. 

To  correct  this  irregularity  of  the  fpring,  it  was  very 
liappily  contrived  to  have  the  fpring  applied  to  the  arms 
of  levers,  which  are  continually  longer  as  the  force  of 
the  fpring  is  weaker : this  foreign  affiftance,  always  in- 
creafing  as  it  is  moft  needed,  maintains  the  adtion  and 
effect  of  the  fpring  in  an  equality. 

It  is  for  this  reafon  then  that  the  Fufee  is  made 
tapering  fomewhat  conical,  its  radius  at  every  point  of 
the  axis  anfwering  to  the  correfponding  fti'erigth  of  the 
fpringi 

Now  if  the  action  of  the  fpring  diminifiied  equally, 
as  the  parallels  to  the  bale  of  a triangle  do  j the  cone. 


wffiich  is  generated  of  a triangle,  would  be  tbe  precifgs 
figure  required  for  the  Fufeeq  but  it  is  certain  that  the 
weakening  of  the  fpring  is  not  m that  proportion  ; and 
therefore  the  Fufee  ffiould  not  be  exadtly  conical;  and 
in  fadf  experience  fhew'S  that  it  ffiould  be  a little  hoU 
lowed  about  the  middle,  becaufe  the  adlion  of  the  fpring - 
is  not  there  fufficiendy  diminiffied  of  itfelf. 
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Mr.  Varignon  has  inveftigated  the  figure  of  the 
Fufee,  or  the  nature  of  the  curve  by  whofe  revolution 
about  its  axis,  ffiall  be  produced  the  folid  whofe  figure 
the  Fufee  is  to  have.  This  curve  it  may  eafily  be  ffiewn 
is  ail  hyperbola  whofe  aiymptote  is  the  axis  of  the 
Fufee.  Thus,  let  DFE  be  the  curve  of  the  Fufee,  its  . 
axis  being  ABC  : let  AD  exprefs  the  greateft  ftrengtii 
of  the  fpring  wffien  the  watch  is  quite  wound  up,  or 
wffien  tire  fpring  adts  at  D,  and  BG  the  ieaft  ftrength 
wffien  the  watch  is  dowm,  or  when  the  fpring  adts  at  E ; 
fo  as  that  BE  : AD  : t AD  : BG,  or  BE  x BG 
AD*  ; join  DG,  producing  it  to  meet  the  axis  pro- 
duced in  C ; then  fiiall  HI  denote  the  ftrength  of  the . 
fpring  adling  at  the  correfponding  point  F of  the 
Fftifee  ; and  the  nature  of  it  muft  be  fuch  that  the 
redlangle  HI  X TIE  be  'equal  to  a conftant  quantity^ 
or  FIE  muft  be  reciprocally  as  HIj 
or  HI  ; BG  : : BE  : HF ; . 

but  becaufe  - - AD,  HI,  BG, 

are  direddy  proportional  to  - CA,  CH,  CB,,. 
theref.  thefe  are  reciprocally  proper,  to  AD,  HF,  BE  5 
and  confequently  the  curve  DFE  is  an  hyperbola,, 
whofe  centre  is  C,  and  afymptotes  AC  and  KL ; fo  > 
that  the  figure  of  the  Fufee  is  the  folid  generated  by 
an  equilateral  hyperbola  rev®lved  about  its  afymptote.  , 
See  alfo  Martin’s  Mathem.  Inftit.  vol.  2,  p.  364. 

Fusee,  Fuse,  or  Fuze,  in-  Artillery,  is  a wmoden  , 
tap  or  tube  ufed  to  fet-  fire  to  the  powder  in  a bomb-- 
ffiell.  The  bore  of  this  tube  is  filled  with  a compoii-  ■ 
tion,  of  fulpliur  one  part,  faltpetre  3 parts,  and  mealed' i 
powder  5,  4,  or  5 parts.  The  tube  is  driven  hard 
into  the  hole  in  the  ffiell,  having  firft  cut  it  to  the 
exadl  ienerth  anfwering  to  the  time  of  the  intended 
flight  of  the  fheil,  fo  that,  the  compofition  in  the  Fme 
catching  fire  by  the  difeharge  of  the  ffiell  from  the 
mortar,  it  juft  burns  dowm  to  its  low’^er  end,  and-fo  fats 
fire  to  the  powder  in  the  ffiell,  and  thereby  burfts  it,  at 
the  moment  when  it  arrives  at  the  end  of  its  range  -or 
flight. 

FUST,  in  Architedlure,  the  ffiaft  of  a column,  or 
the  part  comprehended  between  the  bafe  and  the  capi^- 
tal,  called  alfo  the  Naked. 

FUZE,  or  Fuzee.  See  Fusee.. 
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Gabions,  in  Fortification,  are  large  cylindrical 
baflcets,  open  at  both  ends,  made  of  ozier  twigs, 
of  3 or  4 feet  in  diameter,  and  from  3 to  6 feet  high. 
Thefe,  being  filled  with  earth,  are  fometimes  ufed  as 
merlons  for  the  batteries,  and  fometimes  as  a parapet 
For  the  lines  of  approach,  when  the  attacks  are  carried 
on  through  a ftony  or  rocky  ground,  and  to  advance 
them  with  extraordinary  vigour.  They  ferve  alfo  to 
make  lodgments  in  fome  polls,  and  to  fecure  other 
places  from  the  fliot  of  the  enemy  ; who,  on  their  part, 
endeavour  to  burn  and  dellroy  the  Gabions,  by  throw- 
ing  pitched  faggots  among  them. 

GABLF,  or  Gable-c;u/,  of  a houfe.  Is  the  upright 
triangular  end,  from  the  cornice  or  eaves  to  the  top  of 
its  roof. 

GAGE,  in  Hydrollatics,  Pneumatics,  ScCj  is  an  in- 
flrument  for  afeertaining  meafurcs  of  various  kinds. 
As 

Gage  of  the  Air-pump,  is  adapted  for  lliewing  the 
degree  to  which  the  air  is  rarefied,  or  the  receiver  is 
exhaulled,  at  any  time  by  the  air-pump.  This  is  either 
the  common  barometer-gage,  both  long  and  fhort,  or 
the  pear  g-age,  which  at  firll  was  thouglit  a great  im- 
provement, but  afterwards  it  was  difeovered  that  its 
feeming  accuracy  was  founded  on  a fallacy,  which  gave 
an  erroneous  Indication  of  exhaultion.  Sec  A.\K-pump. 

Gage  of  the  Barometer,  is  a contrivance  for  ellimat- 
ing  the  exafl  degree  of  the  rife  and  fall  of  the  mercury 
in  the  tube  of  that  inllrument.  It  is  well  knowm  that 
whim  the  mercury  rifes  in  the  tube,  it  finks  in  the 
cillern,  and  vice  verfa;  and  confequently  the  divifions  on 
the  fcale  fixed  near  the  top  of  the  tube  had  their  diftance 
from  the  furface  of  the  mercury  in  the  ciilern  alwa)'^ 
various  ; from  which  there  mull  often  hajjpen  errors  in 
determining  the  height  of  the  mercury  in  the  tube.  To 
remedy  this  inconvenience,  a line  is  cut  upon  a round 
piece  of  ivory,  which  is  fixed  near  the  ciilern  ; this  line 
is  accurately  placed  at  a given  dillairce  from  the  fcale  ; 
for  example  at  27  inches  ; and  a fmaU  float  of  cork, 
with  a cylindrical  piece  of  ivory  fixed  to  its  upper  fur- 
face,  on  which  a line  is  cut  at  the  exadl  dillance  of  2 
inches  from  the  under  fide  of  the  cork,  is  left  to  play 
freely  on  the  quickfilver,  aiid  the  cylinder  w'orks  in  a 
groove  made  in  the  other  piece.  From  this  conllruflion 
it  appears,  that  if  thefe  marks  are  made  to  coincide,  by 
railing  or  lowering  the  ferew^  which  a6ls  on  the  quick- 
fil  ver,  then  the  divifions  on  the  fcale  will  exprefs  the 
true  meafure  of  the  dillance  from  the  furface. 

Gage  of  the  Condenfer,  is  a glafs  tube  of  a particular 
conllrudllon,  adapted  to  the  condenfing  engine,  and  de- 
signed to  lliew  the  txadl  denfitj  and  quantity  of  the 
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air  contained  at  any  time  in  the  condenfer.  See  Defa* 
guliers’s  Exper.  Philof.  vol.  2,  p.  394. 

Sea  Gage,  an  inllrument  for  finding  the  depth  of 
the  fea.  Several  forts  of  thefe  have  been  invented  by 
Dr.  Hales,  Dr.  Defaguliers,  and  others.  Formerly, 
the  machines  for  this  purpofe  conliftcd  of  two  bodies, 
the  one  fpecifically  lighter,  and  the  other  fpecifically 
heavier  than  the  water,  fo  joined  together,  that  as  foon 
as  the  heavy  one  came  to  the  bottom,  the  lighter 
fhould  get  loofe  from  it,  and  emerge  ; and  the  depth 
was  to  be  eftimated  by  the  time  the  compound  was 
in  falling  from  the  top  to  the  bottom  of  the  vvater,  to- 
gether with  the  time  the  lighter  body  was  in  rifing, 
reckoned  from  the  difappeaiing  of  the  machine,  till 
the  emergent  body  ivas  feen  again  ; but  no  certain 
conclufion  could  be  drawn  from  fo  precarious  and  in- 
complete an  experiment. 

But  that  invented  by  Drs.  Hales  and  Defaguliers 
was  of  a more  exadl  nature,  depending  on  the  prelfure 
of  the  fluid  only.  For  as  the  prelfure  of  fluids  in  all 
directions  is  the  fame  at  the  fame  depth,  a Gage  which 
difeovers  what  the  prelfure  is  at  the  bottom  of  the  fea, 
will  Ihew  what  the  true  depth  of  the  fea  is  in  that 
place,  whether  the  time  of  the  machine’s  defeent  be 
longer  or  Ihorter. 

Dr.  Hales,  in  his  Vegetable  Statics,  deferibes  his 
Gage  for  elllmating  the  preffiires  made  in  opaque  vef- 
fels  ; where  honey  being  poured  over  the  furface  of 
mercury  in  an  open  veflel,  rifes  upon  the  furface  of  the 
mercury  as  it  is  prelfed  up  into  a tube  whofe  lower  ori- 
fice is  immerfed  into  the  honey  and  mercury,  and  whofe 
top  is  hermetically  fealed.  Now  as  by  the  prelfure,  the 
air  in  the  tube  is'eondenfed,  and  the  mercury  rifes,  fo 
the  mercury  comes  down  again  when  the  prell'ure  is 
taken  off,  and  would  leave  no  mark  of  the  height  to 
wliich  it  had  rifen  ; but  the  honey  (or  treacle,  which 
does  better)  which  is  upon  the  mercury,  flicking  to 
the  inlide  of  the  tube,  leaves  a mark,  wdiich  flicws  the 
height  to  which  it  had  rifen,  and  confequently  gives 
the  quantity  of  jn'elfure,  and  the  height  of  the  furface 
of  the  fluid. 

Defaeuliers’s  addition  to  this  machine,  confilled  in  a 
contrivance  to  carry  it  dowm  to  the  bottom  of  the  lea 
by  means  of  a licavy  weight,  which  was  immediately 
difengaged  by  ftriking  the  bottom,  and  the  Gage, 
made  very  light  for  the  purpofe,  re-afeended  to  the  top. 

Dr.  Hales  afterwards  made  more  experiments  of  this 
fort,  and.propofed  another  Sea  Gage  For  vafl  depths, 
which  is  deferibed  in  the  Philof.  Trarif.  N°  407,  and 
is  to  this  effect.  Suppofe  a pretty  long  tube  of  copper 
or  iron,  clofe  .at  the  upper  end,  to  be  let  down  into  the 
3X2  Fes^ 
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fea,  to  any  depth,  the  water  will  rife  in  the  tube  to  a 
height  bearing  a certain  proportion  to  the  depth  of  the 
fea  to  which  the  machine  is  funk.  And  this  propor- 
tion is  as  follows  : 33  feet  of  fea  water  being  nearly 
equal  to  the  mean  preffure  of  the  atmofphere,  therefore 
at  33  feet  deep,  the  air  in  the  tube  will  be  compreffed 
into  half  tlie  length  of  the  tube,  or  the  water  will  rife 
and  fill  half  way  up  the  tube  ; in  like  manner  at  66 
feet  deep,  the  water  wall  occupy  f of  the  tube  ; at  99 
feet  deep  it  wall  hll  | of  the  tube  ; at  132  feet  deep  it 
will  hll  of  the  tube  ; and  fo  on.  Hence  therefore,  by 
knowing  the  heiglit  to  which  the  water  rifes  in  the 
tube,  there  will  be  knowm  the  confequent  depth  of  the 
fea. 

But,  in  very  great  depths,  the  fcale  near  the  top  of, 
the  tube  would  be  fo  fmall,  and  the  divihons  fo  clofe, 
that  there  w'ould  be  no  accuracy  in  the  experiment,  im- 
lefs  the  tube  w'ere  of  a very  great  length,  and  this  again 
would  render  it  both  liable  to  be  broken,  and  quite  im- 
pradticable. 

To  remedy  this  inconvenience,  he  made  the  follow- 
ing contrivance  To  the  bottom  of  the  tube  he  fcrewed  , 
a large  hollow  globe  of  copper,  wuth  a fmall  orifice,  or^ 
a fhort  pipe  at  bottom  of  the  globe,  to  let  in  the  water  ; 
by  which  means  he  had  a very  great  quantity  of  air, 
and  the  fcale  enlarged.  See  alfo  Defagul.  Exp.  PhiL, 
vol.  2,  p.  224  and  241. 

Bucket  Sea  Gage,  is  an  inffrument  contrived  by  Dr» 
Hales  to  find  the  different'  degrees  of  coolnefs  and  falt- 
nefs  of  the  fea  at  different  depths.  This  Gage  confifts 
of  a common  pale  or  bucket,  with  twm  heads  : thefe 
heads  have  each  a round  hole  in  the  middle,  about  4 
inches  in  diameter,  covered  with  fquare  valves  opening 
upward;  and  that  they  may  both  open  and  Ihut  to- 
gether, there  is  a fmall  iron  rod,  having  one  end  fixed 
to  the  upper  fide  of  the, lower  valve,  and  the  other  end’ 
to  the  lower  fide  of  the  upper  valve.  So  that  as  the 
bucket  defcends  v/ith  its  finking  weight  into  the  fea,  ‘ 
both  the  valves  may  open  by  the  force  of  the  water, 
which  by  that  means  has  a free  pafiage  through . the 
bucket.  But  when  the  bucket  is  drawn  up,  then  both 
the  valves  fhiit  by  the  force  of  the  water  at  the  upper 
end  of  the  bucket ; fo  that  the  bucket  is  drawn  up 
full  of  the  loweft  fea  water  to  wTich  it  has  defcended, 
and  immediately  the  mercurial  thermometer,  fixed 
within  it,  is  examined,  to  fee  the  degree  of  tempera- 
ture ; and  the  degree  of  faltnefs  is  afterwards  examined 
at  leifure.’  v Philof.  Tranf.  numb.  9,  p.,  149,  and  numb, 
24,  p.  4‘-y7i  or  Abridg.  vol.  2,  p.  260. 

Lord  Cha’-les  Cavendilh  adapted  a thermometer  for 
the  temperature  , of  the  fea  water,  at  different  depths. 
See  Philof.  Tranf.  vol.  yo,  p.  300,  and  Phipps’s  Voy- 
age towards  the  North  Pole,  p.  142  &c. 

Aqueo-merciirial  Gage  is  the  name  of  an  apparatus 
contrived  by  Dr.  Kales,  and  applied,  in  various  forms, 
to  the  branches  of  trees,  to  determine  the  force  with 
which  they  imbibe  moifture..  Vegetable  Statics,  vol. 
I,  ch.  2,  p.  84.  ^ 

Sliding  Gage,  a tool  ufed  by  mathematical  infffu- 
ment  makers,  for  meafuring.  and  fetting  off  diftances  j 
confining  of  a beam,  tooth,  Aiding  focket,  and  the 
fhoiilder  of  the  focket. 

Tide  Gage,  an  inffrument  ufed  for  determining  the* 
height  of  the  tides  by  Mr.  Bayly,  in  the  courfe  of  a 
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voyage  towards  the  fouth  pole  &c,  in  the  Refolutiott 
and  Adventure,  in  the  years  1772,  1773,  1774,  and 
1775.  This  inffrument  confiffs  of  a glafs  tube,  whofc 
internal  diameter  was  7-ioths  of  an  inch,  lafiied  faff  to 
a 10  foot  fir  rod>  divided  into  feet,  inches,  and  parts; 
the  rod  being  faffened  to  a ffrong  poll  fixed  firm  and 
upright  In  the  water.  At  the  lower  end"  of  the  tube 
was  an  exceeding  fmall  aperture,  through  which  tlic 
water  was  admitted.  In  confequence  of  this  conftruc- 
tion,  the  furface  of  the  water  In  the  tube  was  fo  little 
affedted  by  the  agitation  of  the  fea,  that  Its  height  was  . 
not  altered  the  loth  part  of  an  inch  when  the  fwell  of 
the  fea  was  2 feet ; and  Mr.  Bayly  vras  certain,  that 
with  this  inffrument  he  could  difcern  a difference  of 
the  loth  of  an  inch  in  the  height  of  the  tide. 

Water  Gage.  See  Altitude,  and  Hydrometer. 

Wi?id  Gage,  an  inffrument  for  meafuring  the  force 
of  the  wind  upon  any  given  furface.  Several  have  been  , 
invented  formerly,  and  one  was  lately  invented  by  Dr.  , 
Lind,  which  Is  defcribed  in  the  Philof.  Tranf.  vol.  650  . 
See  feveral  alfo  under  the  article  Anemometer. 

GAGER,  fee  Gauger. 

GAGING,  fee  Gauging.. 

GALAXY,  ox -Milky -W ay ^ or  Via  Jdactea^  'm  Affro-  . 
nomy,  that  long,  whitiffi,  lumdnous  track,  which  feems 
to  encompafs  the  heavens  like  a fwath,  fcarf,  or  girdle  ; , 
and  which  is  eafily  feen  In  a clear  night,  efpeclally  when 
the  moon  is  not  up.  It  is  of  a confiderable,  though 
unequal  breadth  ; being  alfo  In  fome  parts  double,  but 
in  others  fingle. 

The  Galaxy  paffes  through  many  of  the  conffella- 
tions  in  its  circuit  round  the  heavens,  and  keeps  its  exafl 
place  or  pofition  wdth  refpedl  to  them. 

There  have  been  various  ff range  and  fabulous  ftories 
and  opinions  concerning  the  Galaxy. 

The  ancient  poets,  and  even  fome  of  the  philofo-  - 
phers,  fpeak  of  it  as  the  road  or  way  by  which  > 
the  heroes  went  to  heaven.  But  the  Egyptians  call- . 
ed  It  the.  Way  of  Straw,  from  the  ffory  of  Its  rifing 
from  burning  ftraw,  thrown  behind  the  goddefs  Ifis 
in  her  flight  from  the  . giant  Typhoui  While  the 
Greeks,  who  affedt  to  .derive  every  thing  in  the  heavens  , 
from  fome  of  their  own  fables,  have  two  origins  for  it  5 ., 
the  one,  that  Juno,  without  perceiving  it,  accidentally 
gave  fuck  to  Mercury  when  an  infant,  but  that  asfoon 
as  file  turned  her  eyes  upon  him,  flie  threw  him  from 
her,  and  as  the  nipple  was  drawn  from  his  mouth,  the 
milk  ran  about  for  a moment ; and  the  other,  that  the, 
infant  Hercules,  being  laid  by  the  fide  of  Juno  when 
afleep,  on  waking  fhe  gave  him  the  breaft ; but  foon 
perceiving  who  it  was,  fhe  threw  him  from  her,  and  the 
heavens  were  marked  by  the  waited  milk. 

Some  other  philofophers  however  gave  it  a different 
turn,  and  different.. origin  ; thefe  cfteemed  it  to  be  a*, 
tradl  of  liquid  fire,  fpread  in  this  manner  along  the 
fldes  : and  others  again,  fuppofing  a celeffial  region  i 
beyond  all  that  was  vifible,  and  imagining  that  fire,  , 
at  fome  time  let  loofe  from  thence,  was  to  confiime 
the  world,  made  this  a part  of  that  celeffial  fire,  andi. 
appealed  to  it  as  a prefage  qf  what  would  furely  hap-  - 
pen.  This  diffufed  brightnefs  they  confidered  as  a 
crack  In  the  vault  or  wail  of  heaven,  and  fancied  this  a .> 
glimmering  of  the  celeffial  fire  through  it,  and  that 
there  required  nothing  more  than  the  undoing  ©f  this  > 
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crack  ky  Tome  accident  in  nature,  or  by  tbe  will  of  tbe 
Gods,  to  make  the  whole  frame  flart,  and  let  out  the 
fire  of  deftrudtion. 

Ariilotle  makes  the  Galaxy  a kind  of  meteor,  formed 
of  a crowd  of  vapours,  drawn  into  that  part  by  cer- 
tain large  liars  difpofed  in  the  region  of  the  heavens  an- 
fwering  to  it.  Others,  finding  that*  the  Galaxy  was 
feen  all  over  the  globe,  that  it  always  correfponded  to 
the  fame  fixed  liars,  and  that -it  was  far  above  the 
highell  planets,  fet  Arillotle’s  opinion  alide,  and  placed 
the  Galaxy  in  the  firmament  or  region  of  the  fixed 
liars  ; and  concluded  that  it  was  nothing  elfe  but  an 
alTemblage  of  an  infinite  number  of  minute  liars.  And 
iince  the  invention  of  telefcopes,  this  opinion  has  been 
abundantly  confirmed.  For,  by  direfting  a good  te- 
lefcope  to  any  part  of  the  milky  way,  we  perceive  an 
innumerable  multitude  of  very  fmall  liars,  where  before 
we  only  oblerved  a confufed  whitenefs,  ariling  from  the 
alTemblage  and  union  of  their  joint  light ; like  as  any 
thing  powdered  v/ith  fine  white  powder,  at  a dillancc 
we  only  obferve  the  confufed  whitenefs,  but  on  examin- 
ing it  very  near  wC  perceive  all  the  fmall  particles  of 
the  powder  ieparately  ; as  Milton  finely  exprefles  it,. 

A broad  and  ample  road,  whofe  duft  is  gold, 

And  pavement  ibars,  as  ftars  to  thee  appear,. 

Seen  in  the  Galaxy,  that  milky  way, 

Which  nightly,  as  a circling  zone  thou  fceft. 

Powder’d  with  llai  s. 

There  are  other  fuch  marks  in  the  heavens  ; as  the 
nebulas,  or,  nebulous  liars,  and  certain  whitilli  parts 
about  the  fouth  pole,  called  Magellanic  clouds,  which 
are  all  of  the  fame  nature,  appearing  to  be  vail  clullers 
of  fmall  liars  when  viewed  through  a telefcope,  which 
are  too  faint  to  affedl  the  eye  fingly. 

M.  le  Monnier  however,  not  being  able  to  difeover 
more  liars  in  this  fpace  than  in  other  parts  of  the  hea- 
vens, difputes  the  opinion  above  recited  as  to  the  reafon 
of  the  whitenefs,  and  fuppofes  that  this  and  the  nebu- 
lous liars  are  occafioned  by  fome  other  kind  of  matter. 
Inft.  All.  p.  60. 

GALILEI  (G'alileo,)  a moft  excellent  philofo- 
pher,  mathematician  and  alironomer,  was  born  at  Pifa 
in  Italy,  in  1564.  From  his  infancy  he  had  a ftrong 
propenfity  to  philofophy  and  mathematics,  and  foon 
made  a great  progrefs  in  thefe  fciences.  So  that  in 
1592  he  was  chofen  profelTor  of  mathematics  at  Padua. 
While  he  was  profclfor  there,  vifiting  Venice,  then 
famous  for  the,  art  of  glafs-inaking,  he  heard  that 
in  Holland  a glafs  had  been  Invented,  through  which 
very  dillant  objeCls  were  feen  diftindlly  as  it  near  at 
hand.  This  was  fufficient  for  Galileo  ; his  curiofity 
was  raifed,  and  put  him  upon  confidering  what  mull  be 
the  form  of  fuch  a glafs,  and  the  manner  of  making  it. 
The  refult  of  his  enquii-y  was  the  invention  of  the  te- 
Icfcope,  produced  from  this  hint,  without  having  feen 
the  Dutch  glafs.  All  the  difeoveries  he  made  in  af- 
trenomy  were  eafy  and  natural  confequences  of  this  in- 
vention, which  opening  a way,  till  then  unknown,  into 
the  heavens,  thence  brought  the  finell  difeoveries.  One 
ot  the  firll  of  thefe,  was  that  of  4 of  Jupiter’s  fatellites, 
which  he  called  the  Medicean  liars  or  planets,  in  honour 
of  Cofmo  the  2d,  grand-duke  of  Tufeany,  who  was  of 


that  family.  Cofmo  fent  for  our  alironomer  from  Pa- 
dua, and  made  him  profeflbr  of  mathematics  at  Pifa  in 
1611  ; and  foon  after  inviting  him  to  Plorence,  gave 
him  the  office  and  title  of  principal  phllofopher  and  ina^ 
thematician  to  his  highnefs. 

He  had  been  but  a few  years  at  Florence,  before  the 
Inquilition  began  to  be  very  bufy  with  him.  Having 
obferved  fome  folar  fpots  in  1612,  he  printed  that  dif- 
covery  the  following  year  at  Rome  ; in  which,  and 
in  fome  other  pieces,  he  ventured  to  alfert  the  truth  of 
the  Copernican  fyllem,  and  brought  feveral  new  argu- 
ments to  confirm  it.  For  thele  he  was  cited  before 
the  Inquilition  at  Rome,Jn  1615  : after  fome  months 
imprifonment,  he  was  releafed,  and  fentence  pronounced 
againft  him,  that  he  Ihoiild  renounce  his  heretical  opi- 
nions, and  not  defend  them  by  word  or  writing,  or  in»- 
linuate  them  into  the  minds  of  any  perfons.  But  hav- 
ing afterwards,  in  1632,  publilhed  at  Florence  his  Dia- 
logues of  the  two  Great  Syllems  of  the  World,  the 
Ptolomaic  and  Copernican,  he  was  again  cited  before 
the  holy-office,  and  committed  to  the  prifon  of  that 
ecclefiallical  court  at  Rome.  The  inquilitors  convened 
in  June  that  year  ; and  in  his  prefence  pronounced  fen- 
tence againll  him  and  his  books,  obliging  him  to  ab- 
jure his  errors  in  the  moll  folemn  manner;  committed 
him  to  the  prifon  of  their  office  during  pleafure  ; and 
enjoined  him,  as  a faving  penance,  for  thre^  years  to 
come,  to  repeat  once  a week  the  feven  penitential 
pfalms  : referving  to  themfelves,  however,  the  power  of 
moderating,  changing,  or  taking  away  altogether  or  in 
part,  the  faid  punilhment  and  penance.  On  this  fen-- 
tence,  he  was  detained  in  prilon  till  1634;  and  his 
Dialogues  of  the  Syllem  of  the  World  were  burnt  at 
Rome. 

Galileo  lived  ten  years  after  this;  feven  of  which.' 
were  employed  in  making  Hill  further  difeoveries  with 
his  telefcope.  But  by  the  continual  application  to  that 
inllrument,  added  to  the  damage  his  fight  received 
from  the  no6lurnal  air,  his  eyes  grew  gradually  weaker, 
till  he  became  totally  blind  in  1639.  hore  this, 

calamity  with  patience  and  refignation,  worthy  of  a 
great  phllofopher.  The  lofs  neither  broke  his  fpirit, 
nor  Hopped  the  courfe  of  his  lludies.  He  fiipplled  the  • 
defect  by  conllant  meditation  ; by  which  means  he  pre- 
pared a large  quantity  of  materials,  and  began  to  ar-- 
range  them  by  dictating  his  ideas;  when,  by  a dlllemper 
of  three  montlis  continuance,  walling  away  by  degrees, 
he  expired  at  Arcetri  near  Florence,  in  January  1642, 
being  the  78th  year  of  his  age. 

Galileo  was  in  his  perfon  of  fmall  flature,  though 
of  a venerable  afpedl,  and  vigorous  conllitution.  His 
converfation  was  affable  and  .free,  and  full  of  pleafantry, . 
He  took  great  delight  in  archltedlure  and  painting, 
and  defigned  extremely  well.  He  played  exquifitely 
on  the  lute  ; and  whenever  he  fpent  any  time  in  the 
country,  he  took  great  pleafure  in  hufhandry.  His 
learning  was  very  extenfive  ; and  he  poflelfed  in  a high 
degree  a clcarnefs  and  acutenefs  of  wit.  From  the 
time  of  Archimedes,  nothing  had  been  done  in  mecha- 
nical geometry,  till  Galileo,  v/ho  being  poflelfed  of  an 
excellent  judgment,  and  great  Ikill  in  the  moll  abflrufe 
points  of  geometry,  firfl  extended  the  boundaries  of 
that  fcieiice,  and  began  to  reduce  the  refiltance  of  folid  ■ 
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bodies  to  its  laws.  Befidcs  applying  geometry  to  the 
dodtrine  of  motion,  by  which  philofophy  became  ella- 
bliflied  on  a fure  foundation,  he  made  furpnfmg  difco- 
veries  in  the  heavens  by  means  of  liis  telelcope.  He 
made  the  evidence  of  the  Copernican  fyilem  more  fen- 
lible,  when  he  fliewed  from  the  phafes  of  V enus,  like 
to  thofe  of  the  moon,  that  Venus  ablually  i evolves 
about  the  fun.  He  proved  the  rotation  of  the  fun  on 
}us  axis,  from  his  fpots  ; and  thence  the  diurnal  rota- 
tion of  the  earth  became  more  credible.  The  fateUites 
that  attend  Jupiter  in  liis  revolution  about  the  fun,  re- 
prefented,  in  Jupiter’s  Imaller  fyftem,  a jull  image  of  the 
great  folar  fyilem  i and  rendered  it  more  caiy  to  concei\'C 
liow  the  moon  might  attend  the  earth,  as  a fatelHte, 
in  her  annual  revolution.  By  difeovering  hills  and.  ca- 
vities in  the  moon,  and  fpots  in  the  fun  combantly.  vary- 
ing, he  Ihewed  that  there  was  not  fo  great  a difference 
between  the  celeftial  bodies  and' the  .ecirth  as  had  been 
. vainly  imagined. 

He  rendered  no  lefs  fervice  to  feience  by  treating,  in 
a clear  and  geometrical  manner,  the  dodtrine  of  motion, 
which  has  juftly  been  , called  the  key  of  nature.  The 
rational  part  of  mechanics  had  been  fo  much  negledted, 
thatrirardly  any  improvement  was  made  in  it  for  almofl 
2000  years.  But  Galileo  has  given  us  fully  the  theory' 
of  ejquable  potions,  and  of  fuch  as  are  uniformly  ac- 
celerated or  retamed,  and  of  thefe  two  compounded  to- 
gether. He,  hril  of  any,  demonflrated  that  the  fpaces 
deferibed  by  heavy  bodies,  from  the  beginning  of  their 
. defeent,  are  as  the  fquares  of  the  times  ; and  that  a 
body,  projected  in  any  dlredtion  not  perpendicular  to 
the  horizon,  deferibes  a parabola.  Thefe  were  the  be- 
.ginnlngs  of  the  dodtrliie  of  the  motion  of  heavy  bodies, 
which  has  been  fince  carried  to  fo  great  a height  by 
Newton.  In  geometry,  he  invented  the  cycloid,  or 
trochoid  ; though  the  properties  of  it  were  afterwards 
chiefly  demonflrated  by  his  pupil  Torricelli.  He  in- 
vented the  Ample  pendulum,  and  made  life  of  it  in  his 
aflronomical  experiments  : lie  had  alfo  . thoughts  of  ap- 
plying it  to  clocks  ; but  did  not  execute  that  defign  : 
the  glory  of  that  invention  was  referved  fpr  his  fon 
Vicenzio,  who  made  the  experiment  at  Venice 'in  i6/|.9  ; 
and  Huygens  afterward  carried  this  invention  to  per- 
fection. Of  Galileo’s  invention  affo,  was  the  machine, 
with  which  the  Venetians  render  their  Lagunarfluid  and 
navigable.  He  alfo  difeovered  the  gravity  of  the  air, 
and  endeavoured  to  compare  it  with  that  of  water  ; be- 
fides,  opening  up  feveral  other  enquiries. in  natural  phi- 
lofophy. In  fhort,  he  was  not  efleemed  and  followed 
by  philofophers  only,  but  was  honoured  by  perfous  of 
the  greatefl  diflinClion  of  all  nations. 

Galileo  had  fcholars  too  that  were  wortliy  of  fo  great 
a mailer,  by  whom  the  gravitation  of  the  atmofphere 
v/as  fully  eflablifhed,  and  its-varying  prefiurc  accurately 
and  conveniently  meafured,  by  the  column  of  qiiick- 
filver  of  equal  weight  fuftained  by  it  in  the  barometj'i- 
,cal  tube.  The  ekiflicity  of  the  air,  by  which  it  per- 
petually endeavours  to  expand  itfelf,  and,  while  it  ad- 
mits  of  condenfation,  refills  in  proportion  to  its  denfity, 
was  a phenomenon  of  a new  kind  (the  common  fluids 
having  no  fuch  property),  and  was  of  the  utmcfl  im- 
..portance  to  piiflofoiihy.  Thefe  principles  opened  avail 
'ield  .Qf  neyv  and  ufeful  .knowledge,  and  explained  a 


great  variety  of  phenomena,  which  had  been  accounteH 
for  before  that  time  in  a very  abfurd  manner.  It  feem- 
ed  as  if  the  air,  the  fluidun  wTich  men  lived  from  the  be- 
ginning, had  been  then  biithdl  difeovered.  Philofophers 
were  every  .where  ..bufy  enquiring  into  its  various  pro- 
perties and  their  effedis  : and  valuable  difeoveries  re- 
. warded  their  induflry.  Of  the  great  number  who  dif- 
.tinguiflied  themfclves  on  this  occafion,  may  be  men- 
.tioned  Torricelli  and  Viviani  in  Italy,  Pafeal  in  France, 
Otto  Guerick  in  Germany,  and  Boyle  in  England. 

.Galileo  wu'ote  a number  of  treatifes,  many  of  which 
Avere  publiflied  in  his  life-time.  Moll  of  them  were  alio 
tcolleCced  after  his  death,  and  publifhed  by  MendeflTi  in 
,2  vols  qto,  under  the  title  of  L’Opere  di  Galileo  Galilei 
Lynceo^  in  1656.  Some  of  thefe,  with  others  -of  his 
pieces,  were  tranflated  into  Englifh  and  publifhed  by 
Thomas  Salifbiiry,  in  his  Mathematical  Collections,  in 

2 vols  folio.  A volume  alfo  of  his  ‘letters  to  feveral 
learned  men,  and  folutions  of  feveral  problemiS,  were 
printed  at  Bologna  in  qto.  Hislall  difciple,  Vincenzo 
Viviani,  who  proved  a very  eminent  mathematician,  me- 
thodized a piece  of  his  mailer’s,  and  publifhed  it’  under 
this  title,  ^linto  libro  de  gli  Elementi  d’Euclidiy  ^cj 
at  Florence  in  1674,  qto.  Viviani  publifhed  fo  me  more 
of  Galileo’s  things,  being  ExtraCls  from  his  letters  to 
a learned  Fienehman,  where  he  gives  an  account  of 
the  works  which  he  intended  lo  .have  publifhed,  aild  a 
paflage  from  a letter  of  Galileo  dated  at  Arcetri,  0£k 
30,  1635,  to  John  Camiillo,  a mathematician  of  Naples, 
concerning  the  angle  of  contaCt.  Befides  all  thefe,  he 
wrote  many  other  pieces,  which  were  unfortunately  loll 
through  his  wife’s  devotion  ; who,  folicited  by  her  con- 
feflbr,  gave  him  leave  to  perufe  her  hufband’s  manu- 
feripts  ; of  which  he  tore  and  took  away  as  many  as 
he  laid  were  not  fit  to  be  publiflied. 

.GALLERY,  in  ArchiteClure,  a covered  place  in  a 
Building,  much  longer  than  broad  ; which  is  ufually 
placed  in  the  wings  of  the  building,  and  ferving  to 
walk  in,  and  to  place  pictures  in.  It  denotes  a little 
,aifle,  or  walk,  ferving  as  a common  paflage  to  feveral 
rooms  placed  in  a line,  or  row. 

Gallery,  in  Fortification,  a covered  walk,  or 
paflage,  made  acrofs  the  ditch  of  a beiieged  town, 
with  timbers. fafleaed  in, the  ground  and  covered  over. 

GALLON,  an  .Englifli  meafure  of  capacity,  for 
things  both  liquid  and  dry,  containing  2 pottles,  or  4 
quarts,  or  >8  pints.  But  thofe  pints  and  quarts,  2nd 
confequently  the  Gallon  itfelf,  are  different,  according 
to  the  quality  of  the  things  meafured : the  wine  Gal- 
lon, for  inflance,  contains  231  cubic  inches,  and  holds 
.,81b  5 I oz,  avoirdupois,  of  pure  water  ; the  beer  and  ak 
Gallon  contains  282  cubic  inches,  and  holds  icib 

3 J oz  of  water  ; and  the  Gallon  dry  meafure,  for  grain, 
meal,  &c,  contains  .268f  cubic  inches,  and  holds  ylb 
j 1 oz  of  water. 

GALLOPER,  in  Artillery,  the  name  of  a carriage 
ferving  for  the  .very  fmall  guns,  and  having  lhafts  fo  as 
,to  be  drawn  without  a limber. 

.GAMING.  See  Chances,  and  Laws  of  Chance. 

‘GARDECAUT,  or  Guard  du  Cord,  in  a watch, 
is  that  Avliicli  flops  the  fufee,  when  wound  up,  and  for 
that  end  is  driven  up  by  tlie  fpring.  Some  call  it 
^Guard-cock  j others  Guard  du  Gut. 
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' CjARRISON  Guns,  fuch  as  are  mounted  and  ufed 
a Garrifon,  confifling  of  the  following'  w^eig'hts,  viz. 
the  42,  32,  24,  12,  9,  and  6 pounders;  being 

inade  either  of  bmis  or  iron. 


Table  of  the  JV nght  and  JDimetfons  of  Garrfon  Guns. 
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GASSENDI  (Peter),  one  of  the  mod;  celebrated 
philofophers  France  has  produced,  was  born  at  Chan- 
terher,  about  3 miles  from  Digue  in  Provence,  in  the 
year  1592;  When  a child,  he'  took  gi'cat  delight  in 
gazing  at  the  moon  and  liars  whenever  they  appeared. 
This  pleafure  often  drew  him  into  bye-places,  that  he 
might  feaft  his  eyes  freely  and  undillurbed  ; by  which 
means  his  parents  had  him  often  to  feek,  not  without 
many  anxious  fears  and  apprehenfions,  Inconfequencc  of 
this  promifing  difpoiition,  he  was  fent  to  the  bell  fchools, 
to  cultivate  it  with  the  inhriidtions  of  the  firll  mailers. 
He  profited  fo  well  of  thefe  aids,  that  he  was  invited  to 
be  profelTor  of  rhetoric  at  Digne,  before  he  was  quite 
16  years  of  age.  After  filling*  this  office  three  years, 
upon  the  death  of  his  mailer  at  Aix,  he  was  appointed 
to  fuccecd  him  as  profelTor  of  philofophy.  After  a few 
years  refidence  here,  he  compoled  his  Paradoxical  Ex- 
ercitations  ; which  coming  to  the  hands  of  Nieliolas 
Peirefc,  that  great  patron  of  learning  joined  with  Jofeph 
Walter,  prior  of  Valette,  in  promoting  him  ; and,  hav- 
ing entered  into  holy  orders,  he  was  firll  made  canon 
of  the  church  of  Digne  and  dodlor  of  divinity,  and  then 
warden  or  redlor  of  the  fame  church. 

GalTcndds  fondnefs  for  aftronomy  grew  up  with  his 
years;  and  his  reputation  daily  increafing,  he  v/as  ap- 
pointed the  king’s  profelTor  of  mathematics  at  Paris  in 
1645.  This  inHitution  being  chiefly  intended  for  af- 
tronomy, our  author  read  ledlures  on  that  fcicnce  to 
•a  crowded  audiencei,  However,  he  did  not  long  enjoy 
this  fituation  ; for  a dangerous  cough  and  inflamma- 
tion of  the  lungs  obliged  him,  in  1647,  to  return  to 
Digne  for  the  benefit  of  his 'native  air.  Having  thus, 
and  by  the  intermifiion  of  his  lludies,  recovered  his 
health,  he  again  returned  to  Paris  in  1653;  where, 
after  firll  writing  and  publifliing  the  lives  of  Tycho 
Brahe,  Copernicus,  Purbach,  and  Regiomontanus,  in 
\ 654  he  again  renewed  his  aftronomlcal  labours,  with 
the  defign  of  completing  the  fyllem  of  the  heavens, 
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But  while  he  was  thus  employed,  too  intenfely  for  the 
feeble  Hate  of  his  health,  he  relapfed  into  his  former 
diforder,  under  which,  with  the  aid  of  too  copious  and 
numerous  bleedings,  by  order  of  three  phylicians,  h« 
funk  in  the  year  1655,  at  63  years  of  age, 

Gafiendi  wrote  againll  the  metaphyfical  meditation* 
of  Des  Cartes  ; and  divided  with  that  great  man  the 
philoiophers  of  his  time,  almoll  all  of  whom  were 
either  Cartefians  or  Galfendiils.  To  his  knowledge 
in  philofophy  and  mathematics,  he  joined  profound  eru- 
dition and  deep  llcill  in  the  languages.  He  wrote, 
I.  Three  volumes  on  Epicurus’s  philofophy;  and  fix 
others,  which  contain  his  own  philofophy. — 2.  AHro- 
nomical  Works. — 3.  The  lives  of  Nicholas  de  Peirefc, 
Epicurus,  Copernicus.  Tycho  Brahe,  Purbach,  and 
Regiomontanus. — 4.  Epillles,  and  other  treatifes.  All 
his  works  were  colledted  together,  and  printed  at  Lyons 
in  1658,  in  6 volumes  folio. 

Gafiendi  was  the  firll  perfon  that  faw  the  tranfit  of 
Mercury  over  the  fun,  viz,  Nov.  7,  1631  ; as  Horrox 
firH  predicted  and  Ihewed  the  tranfit  of  Venus. — His 
b’brary  was  large  and  valuable  : to  which  he  added  an 
allronomical  and  phllofophical  apparatus,  which,  for 
their  accuracy  and  magnitude,  were  purchafed  by  the 
emperor  Ferdinand  the  3d. — It  appears  by  his  letters, 
printed  in  the  6th  volume  of  his  works,  that  he  was 
often  confuItQd  by  the  moll  celebrated  allronomers  of 
his  tlrne^  as  Kepler,  Longomontanus,  Snell,  Hevelius, 
Galileo,  Kircher,  Bulliald,  and  others  : and  he  has  ge- 
nerally been  elleemed  one  of  the  founders  of  the  reform- 
ed philofophy,  in  oppofition  to  the  groundlefs  hypothe- 
fes  and  empty  fubtleties  of  Arillotle  and  the  fchoolmen. 

GAUGE-A;/i^>,  a line  on  the  common  Gauging 
rod,  uled  for  the  purpofe  of  gauging  liquids.  See 
CjAVGWiG-Rod. 

Gauge-Tu////,  of  a folid  meafure,  is  the  diameter  of 
a circle,  whofe  area  is  expreffed  by  the  fame  number 
as  the  folid  content  of  that  meafure.  Or  it  is  the  dia- 
meter of  a cylinder,  whofe  altitude  is  i,  and  its  content 
the  fame  as  of  that  meafure. 

Thus,  the  folid  content  of  a wane  gallon  being  231 
cubic  inches  ; if  a circle  be  conceived  to  contain  fo 
many  fquare  inches,  its  diameter  will  be  17*15  ; which 
is  therefore  the  Gauge-point  for  wine  meafure.  And 
an  ale  gallon  containing  282  cubic  inches  ; by  the  fame 
rule,  the  Gauge-point  for  ale  meafure  will  be  found  to 
be  18*95.  And  after  the  fame  manner  may  the 
Gauge-point  for  any  other  meafure  be, determined. 

Hence  it  follows,  that  when  the  diameter  of  a cy- 
linder in  inches  is  equal  to  the  Gauge-point  in  any 
meafure,  given  like  wife  in  inches,  every  inch  in  its  length 
will  contain  an  integer  of  the  fame  meafure.  80  in  a 
cylinder  whofe  diameter  is  17*15  inches,  every  inch  in 
height  contains  one  entire  gallon  in  wine  meafure  ; and 
in  another,  whofe  diameter  is  18*95, 
length  contains  one  ale  gallon. 

GAUGER,  an  officer  appointed  by  the  commifiione 
ersof  excife,  to  Gauge,  meafure,  or  examine,  all  calks, 
tuns,  pipes,  barrels,  hogfheads,  of  beer,  wine,  oil,  &c. 

GAUGING,  the  art  or  aft  of  meafuring  the  capaci- 
ties or  contents  of  all  kinds  of  veficls,  and  determining 
the  quantity  of  fluids,  or  other  matters  contained  in 
them.  Thefe  are  principally  pipes,  tuns,  barrels,  rund- 
lets,  and  other  calks ; alfo  backs,  coolers,  vats,  kc. 

As 
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As  to  tlie  folid  contents  of  all  pnfinalical  vefTels,  as 
'■^ubes,  parallelopipedons,  cylinders,  &c,  they  are  found 
■hy  multiplying  the  area  of  the  bafe  by  their  altitude. 
And  the  contents  of  ail  pyramidal  bodies,  and  cones,  are 
equal  to  i '3d  of  the  fame. 

In  Gauging,-  it  has  been  ufual  to  divide  cades  into 
four  varieties  or  forms,  denmninated  as  follows,  from 
the  fuppofed  refemblance  they  bear  to  the  frullums  of 
iolids  of  the  fame  names  : viz, 

1.  The  middle  frudiim  of  a fpheroid, 

2.  The  middle  frultum  of  a parabolic  fpindle, 

3.  The  two  equal  fruftiims  of  a paraboloid, 

4.  The  two  equal  frufiums  of  a cone. 

And  particular  rules,  adapted  to  each  of  thefe  forms, 
^miay  be  found  in  moll  books  of  Gauging,  and  in  my 
Menfuration,  p.  575  &c.  But  as  the  form  is  imaginary, 
and  only  guelfed  at,  it  hardly  ever  happens  that  a 
true  foliition  is  brought  out  in  this  way  ; befide  which, 
it  is  very  troiiblefome  and  inconvenient  to  have  fo 
many  rules  to  put  in  praflice.  I lhall  therefore  give 
here  one  rule  only,  from  p.  592  of  that  book,  which 
is  not  only  general  for  all  cades  that  are  commonly  met 
with,  but  quite  eafy,  and  very  accurate,  as  having  been 
-often  verified  and  proved  by  filling  the  cades  with  a 
true  gallon  meafure. 

General  Rule.  Add  into  one  fum, 

39  times  the  fquare  of  the  bung  diameter, 

25  times  the  fquare  of  the  head  diameter,  aiiS 

26  times  the  produdl  of  thofe  diameters ; 

multiply  the  fum  by  the  length  of  the  calk,  and  fhe 
product  by  the  number  *00034  > then  this  lad:  product 
-(divided  by  9 will  give  the  wine  gallons,  and  divided  by 
1 1 will  give  the  ale  gallons. 

Or,  + 25H^  4- 26BH  X — — is  the  content 

1 14 

in  inches ; which  being  divided  by  231  for -wine  gal- 
lons, or  by  282  for  ale  gallons,  will  be  the  content. 

For  Ex.  If  the  length  of  a cade  he  40  inches,  the 
Isung  diameter  32,  and  the  head  diameter  24. 

TIere  - 32^  X 39  = 39936 


and 

MXd 


24^  X 25  = 

. 32x24x26  = 

the  fum 
multiplied  by 


14400 

19968 

74304 

40 


and  divid.  by  114)2972160 
gives  ■ - 26071  cubic  inches?^ 

this  divided  by  231  gives  112  wine  gallons, 
or  divided  by  282  gives  92  ale  gallons. 

But  the  common  pradlice  of  Gauging  is  performed 
mechanically,  by  means  of  the  Gauging  or  Diagonal 
'Rod,  or  the  Gauging  Sliding  Rule,  the  defeription 
and  ufe  of  which  here  follow. 

Gauging,  or  Diagonal^  Rod,  is  a rod  or  rule  adapted 
for  determining  the  contents  of  cades,  by  meafuring  the 
diagonal  only,  viz  the  diagonal  from  the  bung  to  the 
extremity  of  the  oppofite  ftave  next  the  head.  It  is  a 
fquare  rule,  having  4 fides  or  faces,  being  ufually  4 feet 
long,  and  folding  together  by  means. of  joints. 

Upon  one  face  of  the  rule  is  a fcale  of  inches,  for 
taking  the  meafure  of  the  diagonal ; to  thefe  are 
adapted  the  areas,  in  ale  gallons,  of  circles  to  the  cor- 
^efponding  diameters,  like  the  lines  on  the  under  fides 


of  the  three  dides  in  the  diding  rule,  deferibed  below... 
And  upon  the  oppofite  face  are  two  fcales,  of  ale  and 
wine  gallons,  exprefling  the  contents  of  cades  having 
the  correfponding  diagonals;  and  thefe  are  the  lines 
which  chiedy  conflitute  the  difference  between  this  in- 
ilrument  and  the  diding  rule ; for  all  the  other  lines 
upon  it  are  the  fame  with  thofe  in  that  inftrument,  and 
are  to  be  ufed  in  the  fame  manner. 

Fo  ufe  the  Diagonal  Rod.  Unfold  thp  rod  flraight 
out,  and  put  it  in  at  the  bung  hole  of  the  cade  to  be 
gauged,  till  its  end  arrive  at  the  interfedlion  of  the  head 
and  oppofite  Have,  or  to  the  farthefl  poffible  diflance 
from  the  bung-hole,  and  note  the  inches  and  parts  cut 
by  the  middle  of  the  bung ; then  draw  out  the  rod^ 
and  look  for  the  fame  inches  and  parts  on  the  oppofite 
face  of  it,  and  annexed  to  them  are  found  the  contents, 
of  the  cade,  both  in  ale  and  wine  gallons. 

For  Ex.  Uet  it  be  required  to  find,  by  this  rod, 
the  content  of  a cade  whofe  diagonal  uieafures  34*4 
inches  ; which  anfwers  to  the  cade  in  the  foregoing  ex- 
ample, whofe  head  and  bung  diameters  are  32  and  24, 
and  length  40  inches  ; for  if  to  the  fquare  of  20,  half 
the  length,  be  added  the  fquare  of  28,  half  the  fum 
of  the  diameters,  the  fquare  root  of  the  fum  wiU  be 
34*4  nearly. 

Now,  to  this  diagonal  34*4,  correfponds,  upon  the 
rule,  the  content  91  ale  gallons,  or  iii  wine  gallons  ^ 
.which  are  but  i lefs  than  the  content  brought  out  by 
the  former  general  rule  above  given. 

Gauging  Ride,  or  Sliding  Rule,  is  a Aiding  rule 
particularly  adapted  to  the  purpofes  of  Gauging.  It 
is  a fquare  rule,  of  four  faces  or  fides,  three  of  which 
are  furnifhed  with  diding  pieces  running  in  grooves. 
The  lines  upon  them  are  moftly  logarithmic  ones,  or 
diftances  which  are  proportional  to  the  logarithms  of 
the  numbers  placed  at  the  ends  of  them  ; which  kind 
of  lines  was  placed  upon  rulers,  by  Mr.  Edmund  Gun- 
ter, for  expeditioudy  performing  arithmetical  opera- 
tions, ufing  a pair  of  compades  for  taking  off  and  ap- 
plying the  feveral  logarithmic  diftances  ; but  inftead 
of  the  compafles,  Aiding  pieces  were  added,  by  Mr, 
Thomas  Everard,  as  more  certain  and  convenient  in 
;pra6lice,  from  whom  this  Aiding  rule  is  often  called 
Everard^s  Rule.  For  the  more  particular  defeription 
and  ufes  of  this  rule,  fee  my  Menfuration,  p.  564,  2d 
.edition. 

The  writers  on  Gauging  are,  Beyer,  Kepler,  Dechales, 
Hunt,.  Everard,  Dougherty,  Shettleworth,  Shirtcfiffcs 
Leadbetter,  &c. 

GAZONS,  in  Fortification,  turfs,  or  pieces  of  frefh 
earth  covered  with  grafs,  cut  in  form  of  a wedge, 
about  a foot  long,  and  half  a foot  thick,  to  line  or  face 
the  outfide  of  works  made  of  earth,  to  keep  them  up, 
and  prevent  their  mouldering. 

GELLIBRAND  (Henry),  profeftbr  of aftronomy 
at  GreAiam-college,  was  born  inEondon  the2  7thof  Nov. 
1597.  He  was  fent  to  Trinity-college,  Oxford,  in  1615, 
and  took  his  degree  in  arts  1619.  He  then  entered  into 
orders,  and  became  curate  of  Chiddingftone  in  Kent. 
Afterwards,  taking  a great  fancy  to  mathematics,  by 
happening  to  hear  one  of  Sir  Henry  Saviile’s  ledlnres 
in  that  fcience,  he  immediately  fet  himfelf  to  the  clofe 
ftudy  of  that  noble  fcience,  and  relinquiAied  his  fair 
profpedls  in  the  church.  Contenting  himfelf  there- 
fore 
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Tore  with  his  private  patrimony,  which  was  now  come 
into  his  hands-by  the  death  of  his  father,  the  fame  year 
he  entered  again  a ftudent  at  Oxford,  making  mathe- 
matics his  foie  employment.  He  made  fiich  proficiency 
In  this  fcience  before  he  proceeded  A.  M.,  which  was 
in  1623,  that  he  drew  the  attention  and  intimate 
friendlhip  of  Mr.  Henry  Briggs,  then  lately  removed 
from  the  geometry  profefforfhip  in  Grefnam-college  to 
that  of  Savilian  profelfor  of  geometry  at  Oxford,  by 
the  founder  Sir  Henry  Savile,  and  who,  upon  the 
death  of  Mr.  Gunter,  procured  for  our  author  the  pro- 
feiTorfhip  of  allronomy  in  GrefiAam-collegc,  to  whicli 
he  was  defied  in  the  beginning  of  the  year  162':. 
li  is  friend  Mr.  Briggs  dying  in  1630,  before  he  had 
fisiflied  the  introdudion  to  his  Trigonometria  Britan- 
iiica,  he  recommended  the  completing  and  pubhihing 
of  that  work  to  our  author.  CHllibrand  accordingly 
added  a preface,  and  the  application  of  the  logarithms 
to  plane  and  fpherical  trigonometry,  &c,  and  the  whole 
was  printed  at  Gouda,  under  the  care  of  Adrian  Viacq, 
in  1633. 

While  Mr.  Gellibrand  was  preparing  that  work,  he 
was  brought  into  trouble  in  the  high-commifiion  couit, 
by  Dr.  Laud,  then  bilhop  of  London,  on  account  ot 
an  almanac,  publifiied  by  William  Beale,  fervant  to  Mr. 
Gellibrand,  for  the  year  1631,  with  the  approbation 
of  his  mailer.  In  this  almanac,  the  popifh  faints,  then 
iifually  put  into  calendars,  were  omitted,  and  the  names 
of  other  faints  and  martyrs,  mentioned  in  the  Book  of 
Martyrs,  were  placed  in  their  Head,  as  they  hand  in 
Fox’s  calendars.  This  it  feems  gave  offence  to  the 
bilhop,  and  occafioned  the  profecution.  But  when  the 
caufe  came  to  be  heard,  it  appeared  that  other  alma- 
nacs of  the  fame  kind  had  formeily  been  printed  ; upon 
xvhich,  both  mailer  and  man  were  acquitted  by  Abp. 
Abbot  and  the  whole  court,  Laud  only  excepted  ; 
which  was  afterward  made  one  ot  the  articles  againil 
him  on  his  own  trial. 

It  feems  Gellibrand'>’as  llrongly  attached  to  the  old 
Ptolomaic  fyllem.  For  ^vhen  he  went  over  to  Holland, 
about  the  printing  of  Briggs’s  book  abovementloncd,  he 
had  fome  difeourfe  with  Lanlherg,  an  eminent  brother 
aftronom.cr  in  Zealand,  who  affirming  that  he  was  fully 
perfuaded  of  the  truth  of  the  Copernican  lyllem  ; our 
author  obferves,  “ that  this  fo  llyled  a truth  he  Ihould 
receive  as  an  hypothefis  ; and  fo  be  e'afily  led  on  to 
the  conlideration  of  the  imbecility  of  man’s  appre- 
“ henfion,  as  not  able  rightly  to  conceive  of  this  ad- 
mirable  opifice  of  God,  or  frame  of  the  world,  with- 
out  falling  foul  of  fo  great  an  abfurdity  fo  firmly 
was  he  fixed  in  his  adherence  to  the  Ptolomaic  fyllem. 
Gellibrand  wrote  feveral  things  after  this,  chiefly  tend- 
ing to  the  improvement  of  navigation,  which  would 
probably  have  been  further  advanced  by  him,  had  his 
life  been  continued  longer  ; but  he  was  untimely  car- 
ried off  by  a fever,  in  1636,  at  39  years  of  age. 

The  character  of  Mr.  Gellibrand  is  tluit  of  a plain, 
plodding,  induitrioas,  well-intentioned  man,  with  little 
invention  or  genius.  His  writings  are  chiefly  as  Ijc- 
iow  : 

1.  Trigonometna  Bnfanmca:,  or  the  Doflrine  of 
triangles,  being  the  2d  part  of  Briggs’s  work  abovc- 
jmCntioned. 

2.  A frnall  I'raT  concerning  the  longitude- 

VoL.  L 


3.  A Difeourfe  on  the  Variaiion  of  ths;  Magiietk 
Needle‘s  annexed  to  Wright’s  Errors  in  Navigation  de- 
te6led. 

4.  Injlitulion  Tngofia^netr'ical,  with  its  application  to 
adronc-my  and  navigation  ; 8vo,  1635. 

5.  Epitome  of  NaEigafion^  with  the  neceffary  tables  ; 

8 VO. 

6.  Several  manufcrlpts  never  publifhed  ; as,  The 
Doctrine  of-Eclipfes. — A Trcatife  of  Lunar  ikdrono- 
my. — A Treatife  of  Ship-building,  See. 

GEMINI,  a conllellation  of  the  northern  heml- 
fphere,  one  of  the  48  old  conflellations,  and  the  3d  in 
order  of  the  zodiacal  frgns,  Aries,  d aurus,  Gemini, 
(See.  This  conllellation  conliils  of  two  children,  twins, 
called  Cailor  and  Pollux,  and  denoted  by  the  mark, 
n , being  a rude  drawing  of  the  lame. 

This  conllellation  was,  more  anciently,  depiflcd  by 
a couple  of  young  kids,  by  the  Egyptians  and  eallera 
nations,  as  denoting  that  part  of  the  Ipring  when  thefe 
animals  appear  ; but  the  Greeks  altered  them  to  two 
children,  which  fome  of  them  make  to  be  Cailor  and 
Pollux,  fome  of  them  again  Hercules  and  Apollo,  and 
others  Triptolemiis  and  Jafion  ; but  the  Arabians  af- 
ttjrw'ards  changed  tlie  figures  into  two  peacocks,  their 
religion  not  allowing  them  to  paint  or  draw  any  hu- 
man figure.  Sir  Ifaac  Newton  thinks  the  figures  had 
fome  reference  to  the  Argonautic  expedition. 

The  ancients  attributed  to  every  fign  of  tlie  zodiac 
one  of  the  principal  deities  for  its  tutelary  power, 
Phoebus  had  the  care  of  Gemini,  and  hence  all  the  jar- 
gon of  allrologers  about  the  agreement  of  tlie  fun  and 
this  confccllation. 

The  liars  in  the  fign  Gemini  are,  in  Ptolomy’s  ca- 
talogue 25,  in  Tycho’s  25,  In  licvelius’s  38,  and  in  the 
Britannic  catalogue  85. 

GENERATED,  is  ufed  by  fome  mathematical 
writers  for  whatever  is  produced  by  arithmetical  opera- 
tion, or  in  geometry  by  the  motion  of  other  magnitudes. 
Thus  20  is  the  prodiidl  Generated  of  4 and  5 ; that 
of  a and  I,  4,  8,  16,  the  powers  generated  of  or 
Irom  the  root  2,  and  8cc,  thoie  from  the  root 

<7.  So  alfo,  a circle  is  Generated  by  the  revolution  of 
a line  about  one  of  its  extremities,  a cone  by  the  ro- 
tation of  a right-angled  triangle  about  its  perpendicu- 
lar, a cylinder  by  the  rotation  of  a redlangk  about  one 
of  its  lides,  or,  otherwife,  by  the  motion  of  a circle  in 
the  direclion  of  a right  line,  and  keeping  always  pa- 
rallel to  itfelf. 

GENERATING  Eitr  or  Figure,  in  Geometry,  in 
tliat  which,  by  any  kind  of  fuppofed  motion,  may  ge- 
nerate, or  produce,  any  other  figure,  plane,  o‘r  folid. 

Thus  a line,  according  to  Euclid,  generates  a circle  '; 
or  a right-angled  trian^pe,  a cone  ; Nc  ; and  thus  alio 
Archimedes  fuppofes  his  fpirals  to  be  generated  by  the 
motions  of  Generating  points  and  lines ; the  figure 
thus  generated,  is  called  the  Oen^'ar.t, 

It  is  a general  theorem  in  geometry,  that  the  meafurc 
of  any'  geuerant,  or  figurd  produced  by  any  hind  of 
rnotlon  of  airy  other  figure,  or  Generating  quantity, 
is  e(]ual  to  tlie  produfl  -of  this  Generating  (|uantity' 
drawn  into  the  length  or  ihe  path  deferibed  by  its  cen- 
tre of  gravity,  vrhatevet  the  kind  cf  motion  may  be, 
wliether  rotatory,  or  clircA,  (S’.c-. 
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In  the  modern  analyiis,  or  fluxions,  all  forts  of  quan- 
tities are  confidered  as  Generated  by  fotne  fucli  mo- 
tion, and  the  quantity  hereby  generated  is  called  a 
Fluent. 

GENERATION,  in  Mathematics,  is  iifed  for  the 
formation  or  produdtion  of  any  geometrical  figure,  or 
other  quantities.  Such  as  of  the  figures  mentioned  in 
the  foregoing  articles,  or  the  Generation  of  equations, 
curves,  loiids,  &c. 

GENESIS,  in  Geometry,  means  much  the  fame  as 
Generation  mentioned  above,  being  the  formation  of  a 
line,  lurface,  or  folicl,  by  the  motion  or  flux  of  a point, 
line,  or  furface  ; as  of  a globe  by  the  rotation  of  a 
feini-circle  ziboiit  its  diameter,  Ac. 

In  the  Genefis  of  figures,  the  line  or  furface  vdiich 


moves,  is  called  the  Defcrlhent 

. U ^ ^ ^ ^,.^1 , 

motion  is  made 


and 


which,  or  according  to  which,  the  revolution 


the  line  loimd 
or  other 


the  Uirhent. 


are  perfons-who 


GENETrILIACI,  in  Afirology, 

eredl  liorofcopes,  or  pretend  to  foretell  wliat  fnall  befall 
a perfoii,  by  means  of  the  itars  -which  preiided  at.  his 
riativity. 

The  ancients  called  them  Chaldrei,  and  by  the  ge- 
neral name  Mathematici : accordingly,  the  feveral  civil 
and  canon  laws,  which  we  find  made  againfl  the  ma- 
themiaticians,  only  refpedl  the  Genethiiaci,  or  ailrolo- 
ge-^s_. 

They  were  expelled  Rome,  by  a formal  decree  of 
the  fenate  ; and  yet  found  fo  much  protedlion  from 
the  credulity  of  the  people,  that  they  remained  in  the 
city  unmolefted. 

Ahtipater  and  Archinapolus  have  fhewn  that  Ge- 
nethliology  Ihould  rather  be  founded  on  the  time  of  the 
conception  than  on  .that  of  the  birth. 

GEOCENTRIC,  is  faid  of  a planet  or  its  orbit, 
to  denote  its  having  the  earth  for  its^  centre.  The 
moon  alone  is  properly  geocentric.  And  yet  the  mo- 
tions of  all  the  planets  may  be  confidered  in  refpeft  of 
the  earth,  or  as  they  appear  from  the  earth,  and  thence 
calied'their  Geocentric  motions. — Hence  alfo  the  terms 
Geocentric  place,,  or  latitude,  or  longitude,  &c, 
explained  below. 


furing  furfaces  and  folids,  not  by  imaginary  lines,  as 
done  in  geometry,  but  by  fenfible  and  vilible  things  ; 
or  by  the  fun’s  rays,  &c. 

GEOGRAPHER,  a perfon  fleilled  in  Geography, 
GEOGRAPHICAL,  fomething  relating  to  Geo- 
graphy, as 

Geographical  Mile^  which  is  the  fea-mile  or 
minute,  being  the  both  part  of  a degree  of  a great 
circle. 

Geographical  Table.  See  Map. 

GEOGPv-APHY,  the  fcience  that  teaches  and  ex- 
plains the  nature  and  properties  of  the  earth,  as  to  its 
figure,  place,  magnitude,  motions,  celdliai  appear- 
ances, &c,  with  the  various  lines,  real  or  imaginary, 
on  its  furface. 

Geography  is  dillinguifhed  Horn  Cofmograpliy,  a.s. 
a part,  from  the  whole;  this  latter  confidering  the 
wAole  vifible  -world,  both  heaven  and  earth.  And 
from  Topography  and  ChorogTarphy,  it  is  diilinguiilied,, 
as  the  -whole  from  a part. 

G-olnitz  confiders  Geography  as  either  exterior  or- 
interior  : but  A/^arenius  n^ore  jidlly  divides  it  into  Ge- 
neral  and  Special  ; or  Uj/iiverial  and  Particular. 

Gejieml  or  U/ilverfal  Geography,  is  that  which 
confiders  the  earth  in  general,  without  any  regard  to 
particular  countries,  or  the  affeRions  common  to  the 
whole  globe  ; as  its  figure,  magnitude,  motion,  land, 
fea,  &c.. 

Special  or  Particular  Geography,  is  that  which 
contemplates  the  coiiilitution  of  the  feveral  particular 
regions,  or  countries ; their  bounds,  figure,  climate, 
leafons,  w^eatlier,  inhabitants,  arts,  culcoms,  hmguagc,, 
&c. 

Iljflory  of  Geography.  The  ftudy  and' pradbice 
of  Geography  mult  have  commenced  at  very  early  ages- 
of  the  world.  By  the  accounts  we  ha,ve  remaining,  it 
feems  this  fcience  was  in  life  among  the  Babylonians^ 
and  Egyptians,  from  whom  it  palled  to  the  Greeks  firft 
of  any  Europeans,  and  from  thefe  fucceffively  to  the 
Romans,  the  Arabians,  and  the  weftern  nations  of  Eu- 
rope. Herodotus  fays  the  Greeks  firlt  learned  the  pole, 


Geocentric  Placey_  of  a planet,  is  the  place  the  gnomon,  and  the  12  diviiions  of  the  day,  from  thi; 


■where  it  appears  to  us,  from  the  earth  ; or  it  is  a point 
in  the  ecliptic,  to  which  a planet,  feen  from  the  earth, 
is  referred. 

Geocentric  Latitude ^ of  a planet,  is  its  latitude  as 
feen  from  the  earth;  or  the  inclination  of  a line,  con- 
necling  the  planet  a,nd  the  earth,  to  the  plane  of  the 
earth’s  (or  true)  ecliptic.  Or  it  is  the  angle  which  the 
faid  line  (connecting  the  planet  and  the  earth)  makes 
with  aline  drawn  to  meet  a perpendicular  kt  fall  from 
the  planet  to  the  plane  of  the  ecliptic.  * 

Geocentric  Longitude,  of  a planet,  is  the  difiance 
meafured  on  the  ecliptic,  in  the  order  of  the  figns, 
between  the  Geocentric  place  and  the  firft  point  of 
Aries. 

GEODESIA,  is  properly  that  part  of  praCfical 
geometry  that  teaches  how  to  divide  or  lay  out  lands 
and  fields,-  among  feveral  oivners, 

G EODEsiA  is  alfo  applied,  by  fome  writers,  to  all 
meafurements  in  the  field,  and  as  fynonymous  with 
farveying. 

Geodesiais  defined  by  Vitalis,  as  the  art  of  mea- 


Babylonians.  'But  Pliny  and  Diogenes  Laertius  af- 
fert,  that  Thales  of  Miletus,  in  the  bth  century  before 
Chrifl-,  firfh  found  out  the  paiTag e of  the  fun  from  tro- 
, pic  to  tropic,  and  it  is  faid' was  the  author  of  two 
books,  the  one  on  the  tropic,  and  the  o-ther  on  the 
equinox  ; both  probably  determined  by  means  of  the 
gnomon  ; whence  he  was  led  to  the  difeovery  of  the 
four  feafons  of  the.year,  which  are  determined  h-y  the 
equinoxes  and  ioifiices  ; all  which  however  it  is  likely 


he  learned  of  die  Egyptians,  as  well  aS'  his  divifion  of 
the  year  into  365'  days.  This  it  is  faid  was  invented 
by  the  fecond  Mercury,  furnamed  Trifmegifius,  wdio, 
according  to  Eiifebius,  lived  about  50  years  after  the 
Exodus.  Pliny  exprefsly  fays  that  this  difeovery  was  made 
by  obferving  when  the  lliado-w  returned  to  its  marks  ; a 
clear  proof  that  it  was  done  by  the  gnomon.  It  is  far- 
ther faid  that  I'bales  coiiftruCfed  a globe,  and  repre- 
fentedthe  land  and  fea  •upon  a table  of  brafs.  Farther 
that  Anaximander.,  a diiciple  of  Pdiales,  firil  drew  the 
figure  of  the  earth  upon  ca  globe  ; and  that  Hecate, 
Democritus,  Eudoxus,  and  otheTs,  forriied  Geogra- 
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pKical  maps,  and  brought  them  into  common  life  in 
Greece. 

Metoii  and  Euftcmon  obferved  the  fummer  foldice  at 
Athens,  on  the  27th  of  June  432  years  before  Chrift, 
by  watching  narrowly  the  fhadow  of  the  gnomon,  with 
tlie  defigu  of  fixing  the  beginning  of  their  cycle  of  19 
years. 

Tiraocharis  and  Ariftillus,  who  began  their  obferva- 
tions  about  295  B.  C.,  it  feeins  firll:  attempted  to  fix 
the  latitudes  and  longitudes  of  the  fixed  liars,  by  con- 
fidering  their  dillances  from  the  equator,  See.  One  of 
their  obfervations  gave  rife  to  the  difcoverv  of  the  pre- 
ccfi'ion  of  the  equinoxes,  which  was  firll  remarked  by 
Idipparchus  about  150  years  after  ; who  alio  made  ule 
of  their  method,  for  delineating  the  parallels  of  lati- 
tude and  the  meridians,  on  the  furfacc  of  the  earth  ; 
tluis  laying  the  foundation  of  this  fcience  as  it  now 
appears. 

The  latitudes  and  longitudes,  thus  introduced  by 
, Idipparclms,  were  not  however  much  attended  to  till 
Ptolomy’s  time.  Strabo,  -Vitruvius,  and  Pliny,  have 
all  of  them  entered  into  a m.inute  geographical  delcrip- 
tion  of  the  fitiiation  of  places,  according  to  the  length 
of  the  ihadows  of  the  gnomon,  without  noticing  the 
lono'itudcs  and  latitudes. 

Maps  at  firll  were  little  more  than  rude  outlines, 
and  topographical  fleetches  of  dilferent  countries.  The 
carliell  on  record  were  thole  of  Sefoilris,  mentioned  by 
Kuilathiiis  ; who  fays,  that  “ this  Egyptian  king, 
liaving  tiaverfcd  great  part  of  the  earth,  recorded  his 
march  in  maps,  and  gave  copies  of  them  not  only  to 
the  Egyptians,  but  to  the  Scythians,  to  their  great 
allonilhment.”  Some  have  imagined  with  much  proba- 
bility, that  the  Jews  made  a map  of  the  Holy  I. and, 
when  they  gave  the  different  portions  to  the  nine  tribes 
at  Shiloh  : for  Jolliua  tells  us  that  they  were  fent  to 
w^nlk  through  the  land,  and  that  they  defciihcd  it  in  Je- 
nsen parts  in  a hook  ; and  Jofephus  relates  that  when 
Jofnua  fent  out  people  from  the  different  tribes  to 
meafure  the  land,  he  gave  them,  as  companions,  per- 
fons  well  dcilled  in  georaetiy,  who  could  not  be  mif- 
taken  in  the  truth. 

The  firll  Grecian  map  oh  record,  was  that  of  Anaxi- 
mander, mentioned  by  Strabo,  lib.  i,  p*  7>  fuppofed 
to  be  the  one  referred  to  by  Hipparchus  under  the  de- 
fignation  of  the  ancient  map.  Herodotus  minutely  de- 
feribes  a map  made  by  Arillagoras  tyrant  of  Miletus, 
which  will  ferve  to  give  fome  Idea  of  the  maps  of  thofe 
times.  He  relates,  that  Arillagoras  fiiewed  it  to 
Cleomenes  king  of  Sparta,  to  induce  him  to  attack 
the  king  of  Perlia  at  Sufa,  in  order  to  rellore  tlie  lo- 
nlans  to  their  ancient  liberty.  It  was  traced  upon  brafs 
or  copper,  and  feems  to  have  been  a mere  itinerary, 
containing  the  route  through  the  intermediate  countries 
which  were  to  be  traverfed  in  that  march,  wi  th  the  ri- 
vers Halys,  the  Euphrates,  and  Tigris,  wliich  Hero- 
dotus mentions  as  neceffary  to  be  crolfed  in  that  expe- 
dition. It  contained  one  llraight  line  called  the  Royal 
Rochl  or  High‘zvay,  which  took  in  all  the  llations  or 
places  of  encampment  from  Sardis  to  Sufa  ; being  1 1 1 
in  the  whole  journey,  and  containing  1 3,500  lladia,  or 
2687^  Roman  miles  of  5000  feet  each. 

Thefe  itinerary  maps  of  the  places  of  encampment' 
were  Indifpenfably  necefiary  in  all  armies  and  marches ; 
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and  indeed  war  and  navigation  feem  to  he  the  two 
grand  caufes  of  the  improvements  both  in  Geography 
and  aftronomy.  Athenjcus  quotes  Ba’ton  as  author  of 
a work  intitleil.  The  encampments  of  AlexandeR s march  ; 
and  likewiie  Amyntas  to  the  fame  purpofe.  Pliny  ob- 
ferves  that  Diognetus  and  Bicton  were  the  furveyors 
of  Alexander’s  marches,  and  then  quotes  the  exadl  num- 
ber of  miles  according  to  their  menfuration  ; which 
he  afterwards  confirms  by  the  letters  of  Alexander  him- 
felf.  The  fame  author  alio  remarks  that  a cop)"  of  this 
great  monarch’s  fiirvcys  was  given  by  Xcuocles  his 
treafurer  to  Patrocles  tiic  geographer,  who  was  admiral 
of  the  fleets  of  Seleuciis  and  Aiitiochus.  Kis  book  on 
geography  is  often  quoted  both  by  Strabo  and  Pliny  ; 
and  it  feems  that  this  author  furnillied  Eratollhcn'es  v/itif 
the  principal  materials  for  conllrudting  bis  map  of  the 
oriental  part  of  the  world. 

Ifratoilhenes  firll  attempted  to  reduce  Geography  to 
a regular  fsdlem,  and  introduced  a regular  parallel  of 
latitude,  which  began  at  the  llraits  of  Gibraltar,  paffed 
eallwards  through  the  ifle  of  Rhodes,  and  fo  on  to 
the  mountains  of  India,  noting  all  the  intermediate 
places  through  whicli  it  palfed.  In  drawing  this  line, 
he  was  not  regulated  by  the  fame  latitude,  but  by  ob- 
ferving  vi'here  the  longell  day  wa.t  14  hours  and  a half, 
which  Hipparchus  afterwards  determined  was  the  lati- 
tude of  36  degrees. 

This  firll  Darallcl  throuHi  Rhodes  was  ever  afterron- 
fidered  with  a degree  of  preference,  in  conlliucling  all 
the  ancient  maps  ; and  the  longitude  of  the  then  known 
world  was  often  attempted  to  be  meafured  In  lladia  and; 
miles,  according  to  the  extent  of  that  line,  by  many 
fucGceding  geographers. 

Eratollhenes  loon  after  attempted  not  only  to  draw 
other  parallels  of  latitude,  but  alio  to  trace  a meridian 
at  right  angles  to  thefe,  palTing  through  Rhodes  anT 
Alexandria,  down  to  Syene  and  Meroc  ; and  at  length 
he  undertook  the  arduous  talk  of  determining  the  cir- 
ciimference  of  the  globe,  by  an  adlual  meafurement 
of  a fegment  of  one  of  its  great  cycles.  To  find  the 
magnitude  of  the  earth,  is  indeed  a problem  which  has 
engaged  the  attention  of  allronomers  and  geographer-? 
ever  lince  the  f])herical  figure  oi  it  was  know-n.  It 
feeiUvS  Anaximander  was  the  firlf  among  the  Greeks 
who  wrote  upon  this  fubjecl.  Archytas  of  Tareiitum, 
a Pythagorean,  famous  for  his  ffill  in  mathematics  and 
mechanics,  alfo  made  fome  attempts  in  this  way  ; and 
Dr.  I^ong  conjefliires  that  thele  are  the  amhors  of  the 
moll  ancient  opinion  that  the  circumference  of  the  earth 
18400,000  lladia  : and  Archimedes  makes  mention  of 
the  ancien's  who  ellimateJ  the  circumference  of  the 
earth  at  only  30,000  lladia. 

As  to  the  methods  of  mcafuring  the  elrciunference 
of  the  eaith,  it  would  feem,  from  what  Arillotle  fays 
ill  his  treatile  De  Cmlo,  that  they  w-ere  much  ihe  fame 
as  tliofe  ufed  by  the  moderns,  deficient  only  in  the  accu- 
racy of  the  inllruments.  That  philofopher  there  fays, 
that  different  liars  pafs  through  our  'zenith,  according 
as  our  fituation  is  more  or  lefs  norther]  v ; and  that  in 
the  foiithern  parts  of  the  earth  liars  come  above  our  ho- 
rizon, wliich  arc  no  longer  vifible  if  we  go  northward. 
Hence  it  appears  that  there  are  two  ways  of  mcafuring 
the  circumference  of  the  earth  ; one  by  obferving  liars 
which  pafs  through  the  zerfilk  of  one  place,  and  do 
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not  pafs  tHrougli  tliat  of  another ; the  other,  by  oh- 
ferving  fome  flars  which  come  above  the  horizon  of 
©ne  place,  and  are  obferved  at  the  fame  time  to  be  in 
the  hoiizon  of  another.  The  former  of  thefe  me- 
thods, which  is  the  beft,  was  followed  by  Eratof- 
ihenes  at  Alexandria  in  Egypt,  250  years  before 
Chrift.  He  knew  that  at  the  fummer  ioliiice,  the 
fun  was  vertical  to  the  inhabitants  of  Syene,  a town 
©n  the  coniines  of  Ethiopia,  under  the  tropic  of  cam 
cer,  where  they  had  a well  made  to  obferve  it,  at  the 
bottom  of  which  the  rays  of  the  fun  fell  perpendicularly 
the  day  of  the  iumnier  folllice:  he  obferved  by  the  iha- 
dow  of  a wiie  fet  perpendicularly  in  an  hemifpherical  ba- 
fon,  how  far  the  fun  was  on  that  day  at  noon  diftant 
from  the  zenith  of  Alexandria ; when  he  found  that 
diitance  was  equal  to  the  50th  part  of  a great  circle  in 
the  heavens.  Then  fuppofing  Syene  and  Alexandria 
under  the  fame  meridian,  he  inferred  that  the  diftance 
between  them  was  the  50th  part  of  a great  circle  upon 
the  earth  ; and  this  diftance  being  by  meafure  50O0 
ftad^a,  he  concluded  that  the  whole  circumference  of 
the  earth  was  250,000  ftadla.  But  as  this  number 
divided  by  360  would  give  694^  ftadia  to  a degree,  ei- 
ther Eratoilhenes  himfelf  or  fome  of  his  followers  af- 
iigned  the  round  number  700  ftadia  to  a degree  ; which 
multiplied  by  360,  makes  the  circumference  of  the 
earth  252,000  ftadia  ; whence  both  thefe  meafures 
arc'given  by  different  authors,  as  that  of  Eratoilhenes. 

In  the  time  of  Pompey  the  Great,  Poftdonlus  de- 
termined the  meafure  of  the  circumference  of  the  earth 
by  the  2d  method  above  hinted  by  Arlftotle,  viz,  the 
horizontal  obfervations.  Knowing  that  the  ftar  called 
Canopus  was  but  juft  vifible  in  the  horizon  of  Rhodes, 
and  at  Alexandria  finding  its  meridian  height  was  the 
48th  part  of  a great  circle  in  the  heavens,  or  7I  deg., 
anfweririg  to  the  like  quantity  of  a circle  on  the  earth  : 
Then,  fuppofing  thefe  two  places  under  the  fam^e  meri- 
dian, and  the  diftance  between  them  5000  ftadia,  the 
circumference  of  the  earth  will  be  240,000  ftadia  ; 
■which  is  the  lirft  meafure  of  Pofidonius.  But  accord- 
ing to  Strabo,  Pofidonius  made  the  meafure  of  the 
earth  to  be  i Ho, 000  ftadia,  at  the  rate  of  500  ftadia 
to  a degree.  The  reafon  of  this  difference  is  thought 
to  be,  that  Eratoilhenes  meafured  the  diftance  between 
Rhodes  and  Alexandria,  and  found  it  only  3750  fta- 
dia : taking  this  for  a 48th  part  of  the  earth’s  circum- 
ference, which  is  the  meafure  of  Pofidonius,  the 
whole  circumference  will  be  180,000  ftadia.  This  mea- 
fure was  received  by  Marinus  of  Tyre,  and  is  ufually 
aferibed  to  Ptolorny.  But  this  meafurement  is  fubjeA 
to  great  uncertainty,  both  on  account  of  the  great  re- 
fradlion  of  the  ftars  near  the  horizon,  the  difficulty  of 
meafurinp*  the  diftance  at  fea  between  Rhodes  and  Alex- 
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andria,  and  by  liippofing  thofe  places  under  the  fame 
meridian,  when  they  are  really  very  different. 

Several  geographers  afterwards  made  ufe  of  the  dif- 
ferent heights  of  the  pole  in  diPcant  places  under  the 
fame  meridian,  to  find  the  dimenfions  of  the  earth. 
About  the  year  8co,  the  khalif  Almamun  had  the  dif- 
tance meafured  between  two  places  that  w'-ere  2 degrees 
afiinder,  and  under  the  fame  uieridian  in  the  plains  of 
Sinjarnear  the  Red  Sea.  And  the  refult  was,  that  the 
degree  at  one  time  was  found  equal  to  56  miles,  and  at 
another  56  J or  56  J irfiks» 


The  next  attempt  to  find  out  the  circumference  of 
the  earth,  was  in  1525,  by  Fernelius,  a learned  philo- 
fopher  of  France.  For  this  purpofe,  he  took  the  height 
of  the  pole  at  Paris,  going  from  thence  dire^lly  north- 
wards, till  he  came  to  tlie  place  where  the  height  of 
the  pole  was  one  degree  more  than  at  that  city.  The 
length  of  the  way  was  meafured  by  the  number  of  revo- 
lutions made  by  one  of  the  wheels  of  liis  carriage  ; and 
after  proper  allowances  for  the  declivities  and  turnings 
of  the  road,  he  concluded  that  68  Italian  miles  were 
equal  to  a degree  on  the  earth. 

According  to  thefe  methods  many  other  meafurements 
of  the  earth’s  circumference  have  fmee  that  time  been 
made,  with  much  greater  accuracy  ; a particular  ac-»- 
count  of  wdfich  Is  given  under  the  article  Degree. 

Though  the  maps  of  Eratoilhenes  were  the  beft  of 
his  time,  they  were  yet  very  imperfedl  and  inaccurate^. 
They  contained  little  more  than  the  ftates  of  Greece, 
and  the  dominions  of  the  fuccelTors  of  Alexander,  di- 
gelled  according  to  the  furveys  abovementioned.  He 
had  indeed  feen,  and  has  quoted,  the  voyages  of  Py-' 
thias  into  the^great  Atlantic  ocean,  which  gave  him 
fome  faint  idea  of  the  v/eilern  parts  of  Europe  ; but 
fo  imperfebl,  that  they  could  not  be  realized  into  the 
outlines  of  a chart.  Strabo  fays  he  v/as  very  ignorant 
of  Gaul,  Spain,  Germany,  and  Britain  ; and  he  was 
equally  ignorant  of  Italy,  the  coafts  of  the  Adriatic,. 
Pontus,  and  all  the  countries  towards  the  north. 

Such  was  the  ftate  of  Geography,  and  the  nature  of 
the  maps,  before  the  time  of  Hipparchus,  He  made 
a defer  connexion  between  Geography  and  aftronomy,. 
by  determining  the  latitudes  and  longitudes  from  celef- 
tia!  obfervations. 

War  has  ufually  been  the  occafion  of  making  or  im- 
proving the  maps  of  countries  ; and  accordingly  Geo- 
graphy made  great  advances  from  the  prog;jefs  of  the 
Roman  arms.  In  all  the  provinces  occupied  by  that- 
people,  camps  were  every  where  conilruded  at  proper 
intervals,  and  good  roads  made  for  communication  be- 
tween them  ; and  thus  civilization  and  furveying  wer» 
carried  on  according  to  fyftem,  through  the  whole  ex- 
tent of  that  large  empire.  Every  new  war  produced  a 
new  fiirvey  and  itinerary  of  the  cdtmtries  where  the 
feenes  of  adion  paffed ; fo  that  the  materials  of  Geo- 
graphy were  accumulated  by  every  additional  conqueft. 
Polybius  fays,  that  at  the  beginning  of  the  fecond  Pu-* 
nic  Avar,  when  Hannibal  v/as  preparing  his  expedition 
againft  Rome,  the  countries  through  wlifchhe  wastopafs. 
were  carefully  meafured  by  the  Romans.  And  Julius  Cfe- 
far  caufed  a general  furvey  of  the  Roman  Empire  to  be 
made,  by  a decree  of  the  fenate.  Three  furveyors  had 
this  taflc  affigned  them,  which  they  completed  in  25 
years.  The  Roman  itineraries  that  are  ftill  extant,  al- 
ib  ffiew  what  care  and  pains  they  had  been  at  in  making 
furveys  in  all  the  different  provinces  of  their  empire  ; 
and  Pliny  has  filled  the  3d,  4th,  and  5th  books  of  his 
Natural  Hiftory  with  the  Geographical  diftances  that 
were  thus  meafured.  Other  maps  are  alfo  ilili  pre- 
ferved,  known  by  the  name  of  the  Pentingerian  Ta- 
bles, publiffied  by  Welfer  and  Bertius,  which  give  a 
good  fpecimen  of  what  Vegetius  calls  Itinera  Pl^a,, 
for  the  better  direbtion  of  their  armies  in  their  march. 

The  Roman  empire  had  been  enlarged  to  its  greateft 
extent,  and  all  its  provinces  well  known  and  furveyed, 
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^.’lien  Ptolomy,  about  150  years  after  Chrifl,  com- 
pofed  his  fyftem  of  Geography.  The  chief  materials 
he  employed  in  compofing  tnis  work,  were  the  propor- 
tions of  the  gnomon,  to  its  iliadow,  taken  by  different 
aRronomers  at  the  times  of  the  equinoxes  and  lolRiccs; 
calculations  founded  on  the  length  of  the  longeft  days  ; 
the  meafured  or  computed  diftances  of  the  principal 
roads  contained  in  their  furveys  and  itineraries  ; and  the 
various  reports  of  travellers  and  navigators.  All  thele 
were  compared  together,  and  digeiled  into  one  uniform 
body  or  fyftem  ; and  afterwards  were  tranRated  by  him 
into  a new  miathematicai  language,  exprefting  tlie  dif- 
ferent degrees  of  latitude  e.nd  longitude,  after  the  in- 
vention of  Hipparchus,  which  had  been  neglected  for 
250  years. 

Ptolomy’s  fyftem  of  Geography,  notwithftanding  it 
was  ftill  very  imperfedt,  continued  in  vogue  till  the  laft 
three  or  four  centuries,  within  which  time  the  great 
improvements  in  aftronomy,  the  many  dllcoveries  of 
new  countries  by  voyagers,  and  the  progrefs  of  war 
and  arms,  have  contributed  to  bring  it  to  a very  confi- 
derablc  degree  of  periedtion  ; the  particulars  of  which 
will  be  found  treated  under  tlieir  refpedtive  articles  in 
this  work. 

Among  the  moderns,  the  chief  authors  onthefub- 
je6l  of  Geography  are  Johannes  de  Sacroboico,  or 
John  Hallifax,  who  wrote  a treatile  on  the  fphete  ; Se- 
baftian  Munfter,  in  his  Cofmographla  Univerlalis,  in 
1..559  ; Clavius,  on  tlie  fphere  of  Sacrobofeo  ; Picci- 
oli^s  Geographia  et  Plydrographia  Reformata  ; \ V ei- 
gelius’s  Speculum  Terrse  ; De  Chales’s  Geography,  in 
his  Miindus  Mathematicus ; Cellarius’s  Geography  ; 
Cluverius’s  Introdudio  in  Univerfam  Geographiam  ; 
Leibnecht^s  Elcmenta  Geographix  generalis  ; Steve- 
cius’s  Compendium  Gcographicum  ; Wolliiis’s  Geo- 
giaphia,  in  his  Elementa  Mathefeos  ; Bufehing’s  New 
Sylcem  of  Geography  ; Gordon’s,  Salmon’s,  and  Gu- 
thrie’s Grammars;  and  above  all,  Varenius’s  Geogra- 
phia generalis,  with  Jurin’s  additions,  the  moft  feienti- 
fic  and  fyftcmatical  of  any. 

GEOMETER,  more  properly  Geometrician  ; 
which  fee. 

GEOMETRICAL,  fomething  that  has  a relation 
to  Geometry,  or  done  after  the  manner,  or  by  the 
means  of  Geometry.  As,  a Geometrical  conftruction, 
a Geometrical  curve,  a Geometrical  demonftratlon, 
genius,  line,  method,  Geometrical  ftiidlnefs,  &c. 

Geometrical  Conjlrucllon^  of  an  equation,  is  the 
drawing  of  lines  and  iigures,  fo  as  to  exprefs  by  them 
the  fame  general  property  and  relation,  as  are  denoted 
by  the  algebraical  equation.  See  Construction  of 
JtLqvat'ions. 

Geometrical  Curve  or  L/V/e,  called  alfo  an  /Alge- 
braical one^  is  that  in  which  the  relations  between  the 
abfeiffes  and  ordinates  may  be  exprdfed  by  a finite  al- 
gebraical equation.  See  Algebraical  Curves. 

Geometrical  Lines.,  as  obferved  by  Newton,  are 
diftlnguifhed  into  claffes,  orders,  or  genera,  according 
to  the  number  of  the  dimenfions  of  the  equation  that 
expreftes  the  relation  between  the  ordfnaces  and  ab- 
fcilfes  ; or,  which  comes  to  the  fame  thing,  according 
to  the  number  of  points  in  which  they  may  be  cut  by 
a right  line. 

I'hus,  a line  of  thefii-ft  order,  is  a right  line,  fmee  it 


can  be  only  once  cut  by  another  right  line,  and  is  exT- 
preffed  by  the  fimple  equation  y n.v  -f  = o : thofe 
of  the  2d,  or  quadratic  order,  will  be  the  circle,  and 
the  conic  feftions,  ftnee  all  of  thefe  may  be  cut  in  two 
points  by  a right  line,  and  expreffed  by  the  equation 

y ax  -i-  b . y -{-  dx  -{■  e = o i thofe  of  the  3d 

or  cubic  order,  will  be  fuch  as  may  be  cut  in  3 points 
by  a riglit  line,  whofe  moft  general  equation  is 
y3  ax  b . dx  f e .y  -\-  fx^  gx"^  R-  "h  f ^ » 

as  tlie  cubical  and  Neilian  parabola,  the  ciffoid,  8cc. 
And  a line  of  an  infinite  order,  is  that  which  a right 
line  may  cut  in  infinite  points  ; as  the  fpiral,  the  cy- 
cloid, the  quadratrix,  and  every  line  that  is  generated- 
by  the  infinite  revolutions  of  a radius,  or  circle,  or 
wheel,  &c. 

In  each  of  thofe  equations,  x is  the  abfeifs,  y its 
correfponding  ordinate,  making  any  given  angle  with 
it ; and  a,  b,  c,  &;c,  are  given  or  conftant  quantities, 
aft'ecled  with  their  figns  -|-  and  — , of  which  one  or 
more  may  vanifh,  be  wanting  or  equal  to  nothing,  pro- 
vided that  by  fuch  defetf  the  line  or  equation  does  not 
become  one  of  an  inferior  order. 

It  is  to  be  noted  that  a curve  of  any  kind  is  denomi- 
nated by  a number  next  lefs  than  the  line  of  the  fame 
kind:  thus,  a curve  of  the  ift  order,  (becaufe  the 
right  line  cannot  be  reckoned  among  curves)  is  the 
fame  with  a line  of  the  2d  order  ; and  a curve  of  the 
2d  kind,  the  fame  with  a line  of  the  3d  order  ; &c. 

It  is  to  be  obferved  alfo,  that  it  is  not  fo  much  the 
equation,  as  the  conftruTion  or  defeription,  that  makes 
any  curve,  geometrical,  or  not.  Thus,  the  circle  is  a 
geometrical  line,  not  becaufe  it  may  be  expreffed  by 
an  equation,  but  becaufe  its  defeription  is  a poftulate  : 
and  it  is  not  the  fimplicity  of  the  equation,  but  the  eafi- 
nefs  of  the  defeription,  that  is  to  determine  the  choice 
of  the  lines  for  the  conltruftion  of  a problem.  The 
equation  that  expreftes  a parabola,  is  m.ore  fimple  than 
that  which  expreftes  a circle  ; and  yet  the  circle,  by 
reafon  of  its  more  fimple  conftrudlion,  is  admitted  be- 
fore it.  Again,  tlie  circle  and  the  conic  fections,  with 
refpeCf  to  the  dimenfions  of  the  equations,  are  of  the 
fame  order  ; and  yet  the  circle  is  not  numbered  with 
them  in  the  coiiftrudlion  of  problems,  but  by  reafon 
of  its  fimple  defeription  is  depreffed  to  a lower  order, 
viz,  that  of  a right  line  ; fo  that  it  is  not  improper  to 
exprefs  thut  by  a circle,  which  may  be  expreffed  by  a 
right  line ; but  it  is  a fault  to  conllnidt  that  by  the 
conic  fe<ftions,  which  may  be  confirufted  by  a circle. 

Either,  therefore,  the  law  muft  be  taken  from  the 
dimenfions  of  equations,  as  obferved  in  a circle,  and  fo 
the  diftin6tion  be  taken  away  between  plane  and  folid 
problems  : or  the  law  muft  be  allowed  not  to  be  ft  rift- 
ly  obferved  in  lines  of  fuperior  kinds,  but  that  fome,  by 
reafon  of  their  more  fimple  defeription,  may  be  pre- 
ferred to  others  of  the  fame  order,  and-  be  "numbered 
with  lines  of  inferior  orders. 

In  conflruftions  that  are  equally  Geometrical,  tlie 
moft  fimple  arc  always  to  be  preferred  : and  this  law  is 
fo  univerfal  as  to  be  without  exception.  But  algebrai- 
cal exprefiions  add  nothing  to  the  fimplicity  of  thecon- 
ftrufhion  ; the  bare  deferiptions  of  the  lines  here  arc 
only  to  be  confidered  ; and  thefe  alone  were  confidered 
by  thofe  geometricians  wiio  joined  a circle  with  a right 
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line.  And  as  thefe  arc  eafy  or  liard,  tlie  coiiftruAion 
becomes  eaiy  or  hard  : and  therefore  it  is  foreign  to  the 
nature  of  the  thing,  from  any  other  circum'ilance  to 
cilablifli  laws  relating  to  coniiriidLions. 

Either,  therefore,  with  tlie  ancients,  we  muft  exclude 
all  lines  bcfide  the  circle,  and  perhaps  the  conic  fedtions, 
out  of  geometry  ; or  admit  ail,  according  lo  the  fini- 
plicity  of  the  defeription.  If  the  trochoid  Vvmre  ad- 
im’tted  into  geometry,  by  means  of  it  we  might  divide 
an  anprle  in  anv  iriveii  ratio  ; v*muld  it  be  right  there- 
fore  to  blame  tliofe  who  would  make  uie  of  this  line  to 
divide  an  angle  in  the  ratio  of  one  number  to  another  ; 
and  contend,  that  you  mud;  make  uie  only  of  fuch  lines 
as  are  dehned  by  equations,  and  therefore  not  of  this 
line,  which  is  not  fo  defined  ? If,  when  an  ailgle  is  pro- 
pofed  to  be  divided,  for  inilance,  into  iccoi  paits,  we 
fhould  be  obliged  to  bring  a curve  defined  by  an  equa- 
tion of  more  than  lOO  dimenfions  to  do  the  bufinefs  ; 
which  nobody  could  deferibe,  much  lefs  imderftand  ; 
and  ihould  prefer  this  to  the  trochoid,  which  is  a line 
well  known',  and  eafily  deferibed  by  the  motion  of  a 
wheel,  or  circle  : wEo  would  not  fee  the  abfurdity  I 
■ Either  therefore  the  trochoid'is  not  to  be  admitted  at 
all  in  geometiy;  or  elfe,  in  .the  confirutbion  of  pro- 
blems, it  is  to  be  preferred  to  all  lines  of  a more  difficult 
defeription ; and  the  reafon  is  the  fame  for  other  curves. 
Hence  the  trifediions  of  an  angle  by  a conchoid,  which 
Archimedes  in  his  Lemmas,  and  Pappus  in  his  Col- 
lections, have  preferred  to  the  inventions- of  all  others 
in  this  cafe,  muft  be  allowed  as  good  ; becaufe  we  muft 
either  exclude  all  lines,,  befide  the  circle  and  right  line, 
out  of  geometry,  or  admit  them  according  to  the  fim- 
plicity  of  their  deferiptions  ; in  which  cafe  the  con- 
choid yields  to  none,  except  the  circle.  Equations  are 
expreffions  of  arithmetical  computation,  and  properly 
have  no  place  in  geometry,  excepting  fo  far  as  quanti- 
ties truly  Geometrical  (that  is,  lines,  furfaces,  folids, 
and  proportions)  may  be  faid  to  be  fome  equal  to 
others.  Multiplications,  divifions,  and  fuch  like  com- 
putations, are  newly  received  into  Geometry,  and  that 
unwarily,  and  contrary  to  the  firft  defign  of  this  fcience. 
For  whoever  confiders  the  conftruCfion  of  problems  by 
a right  line  and  a circle,  found  out  by  the  firft  geome- 
tricians, will  eafily  perceive  that  geometry  wvls  intro- 
duced, that  by  drawing  lines,  we  might  eafily  avoid  the 
tedioufnefs  of  computation.  For  which  reafon  the  two 
fciences  ought  not  to  be  confounded  together  ; the  an- 
cients fo  carefully  diftinguifhed  between  them,  that  they 
never  introduced  arithmetical  terms  into  geometry  ; and 
the  moderns,  by  confounding  them,  have  loft  the  fim- 
piicity  in  wffiich  all  the  elegance  of  geometry  confifts. 
In  ftiort,  that  is  aritliiUxetically  more  fimple,  which  is 
determined  by  the  more  fimple  equations ; but  that  is 
Geometrically  more  fimple,  which  is  determined  by  the 
more  fimple  drawing  of  lines  ; and  in  geometry  that 
ought  to  be  reckoned  beft,  which  is  geometrically 
moil  fimple.  Newton’s  Arith.  Univerf.  appendix.  See 
Curves.  . 

Geometrical  Locus.,  or  Place,  called  alfo  fimply 
Locus,  is  the  path  or  track  of  fome  certain  Geometrical 
determination,  in  which  it  always  falls.  See  Locus. 

Geometrical  Mediurfu  See  Medium. 

Geometrical  Method  of  the  Ancients.  The  an- 
cients eftablifiied  the  higher  parts  of  their  geometry  on 


the  fame  principles  as  the  elements  of  that  fcience,  by 
demorffiratioRS  of  the  fame  kind  : and  they  were  careful 
not  to  fuppoie  any  thing  done,  till  by  a pi'evious  pro- 
blem they  had  fhewii  that  it  could  be  done  by  aflually 
performing  it.  Much  leis  did  they  fuppofe  any  thing- 
to  be  done  that  cannot  be  conceived  ; luch  as  a line  or 
feries  to  be  actually  continued  to  infinity,  or  a magni- 
tude diminifiied  t-ill  it  become  infinitely  lefs  than  rvhat 
it  is.  The  elements  into  which  they  refolved  magni- 
tudes were  finite,  and  fuch  as  miAit  be  conceived  to  be 
real.  Unbounded  liberties  have  of  late  been  introduced  ; 
by  which  geometry,  vrhich  ought  to  be  perfedlly  clear, 
is  filled  with  mydleries.  Maclaurin’s  Fluxions,  Introd. 
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Geometrical  Pace,  is  a meafure  of  5 feet  long. 

Geometrical  Pla?.,  in  Architedture.  See  Plan. 

GeometriCxIl  Plane.  See- Plane. 

Geometrical  Progrejjion,- -a.  progrcffion  in  which 
the  terms  have  all  fuccefiively  the  fame  ratio  : as  i,  2, 
4,  8,  16,  &c,  wdiere  the  corcimon  ratio  is  2. 

The  general  and  common  property  of  a Geometrical 
progrcffion  is,  that  the  produdt  of  any  two  terms,  or 
the  fquare  of  any  one  fingle  term,  is  equal  to  the  pro- 
diidt  of  every  other  two  terms  that  are  taken  at  an  equal 
diftance  on  both  fides  from  the  former.  So  of  thefe 
terms, 

I,  2,  4,  8,  16,  32,  64,  &c, 

I x 64  =:2  X 32  — 4X  i6=r8  x8=:  64. 

In  any  Geometrical  Progrcffion,  if 
a denote  the  leaft  term, 

% the  greateft  term, 

r the  common  ratio, 

n the  number  of  the  terms, 

s the  fum  of  the  feries,  or  all  the  terms  ; 

then  any  of  thefe  quantities  may  be  found  from  tliO 

others,  by  means  of  thefe  general  values,  or  equations^ 

viz, 
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When  the  feries  is  infinite,  tliCn  the  leaft  term  a h 
nothing,  and  the  fum  s — See  alfo  Prog-re s- 


SION. 

Geometrical  Proportion,  called  alfo  fimply  Propor- 
tion,  is  the  fimilitude  or  equality  of  ratios. 

Thus,  if  a \ h \ \ c d,  ox  a i h — c i d,  the  terms 
a,  h,  Cj  d are  in  Geometrical  Proportion ; alfo  6,  3? 
14,  y,  are  in  Geometrical  Proportion,  Licaufe 
6 ; 3 14  : 7,  or  6 I 3 :=  14  : 7. 
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In  a Geometrical  Proportion,  the  prodinfl  of  the  ex- 
tremes, or  I ft  and  4th  terms,  is  equal  to  the  produdd  of 
the  means,  or  the  2d  and  3d  terms  : fo  ad  = bc^  and 
6 X 7 = 3 X 14  = 42.  See  Proportion. 

G EO METRICAL  Solution,  of  a problem,  is  when  the 
problem  is  directly  refolved  according  to  the  ftriot  rules  _ 
and  principles  of  geometry,  and  by  lines  that  are  truly 
Geometrical.  This  exprelTion  is  ufed  in  contradiftinc- 
tion  to  an  arithmetical,  or  a mechanical,  or  inltrumental 
folution  ; the  problem  being  refolved  only  by  a ruler 
and  compaffes. 

The  fame  term  is  likewife  ufed  in  oppoftion  to  all 
indiredl  and  inadequate  kinds  of  folutiocs,  as  by  ap- 
proximation, inftnite  feries,  &c.  So,  we  have  no  Geo- 
metrical way  of  finding  the  quadrature  of  the  circle, 
the  duplicature  of  the  cube,  or  two  mean  proportionals; 
though  there  are  mechanical  ways,  and  others,  by  infi- 
nite feries,  Sic. 

Pappus  informs  us,  tliat  the  ancients  endeavoured  in 
vain  to  triiedf  an  angle,  and  to  find  out  two  mean  pro- 
portionals, by  means  of  the  right  line  and  circle.  Af- 
terwards they  began  to  confider  the  properties  of  feveral 
otlier  lines  ; as  the  conchoid,  the  ciffoid,  and  the  conic 
feeftions  ; and  by  fome  of  thefe  they  endeavoured  to  re-  ' 
folve  fome  of  thofe  problems.  At  length,  having  more 
thorouglily  examined  the  matter,  and  the  conic  feeftions 
being  received  into  geometry,  they  diftinguifted  Geo- 
metrical problems  and  lohitions  into  three  kinds  ; vi  /., 

I.  Plane  ones,  which,  deriving  their  origin  from  lines 
on  a plane,  may  be  pro])crly  refolved  by  a right  line  and 
a circle.' — 2.  Solid  ones,  whicli  are  refolved  by  lines 
deriving  their  original  from  the  confideration  of  a,folid; 
that  is,  of  a cone. — 3.  Linear  ones,  to  the  folution  of 
which  are  required  lines  more  compounded. 

According  to  this  dillindfion,  we  are  not  to  refolve 
folid  problems  by  other  lines  than  the  conic  fecfions  ; 
eipecially  it  no  other  lines  belide  the  right  line,  circle, 
and  the  conic  fedtions,  muft  be  received  into  geome- 
try. 

But  the  moderns,  advancing  much  farther,  have  re- 
ceived into  geometry  all  lines  that  can  be  exprefted  by 
equations  ; and  have  diftinguifhed,  according  to  the 
dimenfions  of  the  equations,  thofe  lines  into  claffes  or 
orders  ; and  have  laid  it  down  as  a law,  not  to  con- 
ftrudt  a problem  by  a line  of  a higher  order,  that  may 
be  conftructed  by  one  of  a lower. 

GEOMETRICIAN,  a perion  fxiilcd  in  Gccmetry. 

GEOMETRY,  thefcience  or  docfrine  of  local  ex- 
tenfion,  as  of  lines,  furfaces,  and  folids,  with  that  of 


ratios,  &c. 


The  name  Geometry  literally  fignifies  mcafuring  of 
the  earth,  as  it  was  the  necefiity.of  n.eafaring  the  ^and 
that  ftrft  gave  occafion  to  contemplate  the  principles 
and  rules  of  this  art ; which  has  hnee  been  extended  to 
numberlefs  other  Ipeculations  ; infomuch  thai  together 
with  arithmietic,  Geometry  formiS  now  the  chief  foun- 
dation of  all  tire  mathematics. 

Elerodotus  (lib.  2),  Eiodorus  (lib  i),  Strabo  (lib. 
1 7 ),  and  Proclus,  aicribe  the  inven.tion  of  Geometry 
to  the  Egyptians,  anxl  aftert  that  the  annual  inunda- 
tions of  the  Nile  gave  occafion  to  it  ; for  thofe  waters 
bearing  away  the  bounds  and  land-marks. of  ellates  and 
farms,  covering  the  face  of  the  ground  ftinifoi inly  with 
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mud,  the  people,  fay  they,  vvere  obliged  every  year  tt) 
diftinguifli  and  lay  out  their  lands  by  the  confideration 
of  their  figure  and  quantity  ; and  thus  by  experience 
and  habit  they  formed  a method  or  art,  which  was  the 
origin  of  Geometry.  A farther  contemplation  of  the 
draughts  of  figures  of  fields  thus  laid  down,  and  plotted 
in  proportion,  might  naturally  lead  them  to  the  dif- 
covery  of  fome  of  their  excellent  and  wonderful  pro- 
perties ; which  fpcculation  ccmtinually  improving,  the 
art  continually  gained  ground,  and  made  advances 
more  and  more  towards  perfection. 

Jofephus  however  feems  to  aferibe  the  invention  to 
the  Hebrews:  and  others  of  the  ancients  make  Mercury 
the  inventor.  Polyd.  Virgil,  de  Invent.  Iber.  lib.  i, 
cap.  18. 

From  Egypt,  this  fcience  paffed  into  Greece,  being 

carried  thither  by  Thales  ; where  it  was  much  culti- 

¥ ' 

vated  and  improved  by  himfelf,  as  alfo  by  Pythagoras, 
Anaxagoras  of  Cla/.omene,  Hippocrates  of  Chios,  and 
Plato,  who  teftified  his  cunviflion  of  the  neceflity  and 
importance  of  Geometry  to  the  fuccelsful  ftudy  of  phi- 
lofophy,  by  this  infeription  over  the  door  of  his  acade- 
my, Let  no  one  ignorant  of  Genmciry  enter  here.  Plato 
tlioLiglit  the  wortl  Geometry  too  mean  a name  for  this 
fcience,  and  fubflitutcd  inlRaJ  of  it  the  more  extenfive 
name  of  Jllenfnration  ; and  after  him  others  gave  it  the 
title  of  Pantometry.  But  even  thefe  are  now  become  too 
fcanty  in  tlieir  import,  fully  to  cornprcliend  its  extent  ; 
for  it  not  only  inquires  into,  and  demonftrates  the 
quantities  of  magnitudes,  but  alfo  their  qualities,  as  the 
fpecies,  figures,  ratios,  pofitions,  transformations,  de- 
feriptions,  divificns,  the  finding  of  their  centres,  diame- 
ters, tangents,  afymptotes,  curvature,  &;c.  Some  again 
define  it  as  the  fcience  of  inquiring,  inventing,  and  de- 
monftrating  all  the  affeftions  of  magnitude.  And  Pro- 
clus  calls  it  the  knowledge  of  magnitudes  and  figures, 
with  their  limitations  ; as  alfo  of  their  ratios,  affeeftions, 
pofitions,  and  motions  of  every  kind. 

About  50  years  after  Plato,  lived  Euclid,  who  col- 
lefted  together  all  thofe  theorems  which  had  been  in- 
vented by  his  predeceffors  in  Egypt  and  Greece,  and 
digefted  them  into  15  books,  called  the  Elements  of 
Geometry  ; demonftrating  and  arranging  the  whole  in 
a very  accurate  and  perfect  manner.  The  next  to  Eu- 
clid, of  thofe  ancient  writers  wliofe  works  are  extant, 
is  xYpollonlus  Pergseus,  who  flourifhed  in  the  time  of 
Ptolomy  Euergetes,  about  230  years  before  Chrift, 
and  about  100  years  after  Euclid.  He  was  author  of 
the  firft  and  principal  work  on  Conic  SeCfions  ; on  ac- 
count of  which,  and  his  other  accurate  and  ingenious 
geometrical  writings,  he  acquired  from  his  patron  the 
e nplr  'cal  appelk.ition.of  The  Great  Geometrician.  Con- 
temporary witli  A[R)llonius,  or  perhaps  a few  years  be- 
fore him,  llourifhed  Archimedes,  celebrated  for  his  me- 
cl  uiical  inventions  at  the  fiege  of  Syracule,  and  not 
lefs  fo  for  his  very  many  ingenious  Geometrical  com- 
pofitions. 

We  cun  only  mention  Eudoxus  Cnidus,  Archytas 
of  Tarentum,  Philolaus,  Eratoftlieues,  Ariftarchus  of 
Samos,  Dinoflratus,  tlie  inventor  of  the  quadratrix, 
Menechmus.,  Ins  brother  and  the  difciple  of 
two  ArilRus’s,  Conoii,  Thracidiiis,  Nicoteles,  Econ, 
Theudius,  Heimotimus,  Hero,  and  Nicomedes  the  in- 
ventor 
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-vejitor  of  the  -conclioid  : befides  v>diom)  there  are  many 
ether  ancient  geometriciansj  to  whom  this  fcience  lias 
"been  indebted. 

The  Greeks  continued  their  attention  to  it,  even  af- 
ter they  were  fiibdued  by  the  Romans,  Wlicreas  the 
Romans  themfelves  were  fo  little  acquainted  v.dth  it, 
even  in  the  moft  fiourirnintr  time  of  their  republic,  that 
Tacitus  informs  us  they  gave  the  name  of  mathemati- 
cians to  thofe  who  purfued  the  chimeras  of  divination 
and  judicial  allrology.  Nor  does  it  appear  they  vrerc 
more  difpofed  to  cultivate  Geometry  during  the  decline, 
and  after  the  fall  of  the  Roman  empire.  But  the  cafe 
was  different  with  the  Greeks  ; among  whom  are  found 
many  excellent  Geometricians  fince  the  commencement 
of  the  Chriffian  era,  and  after  the  tranffatioii  of  the 
Roman  empire.  Ptolomy  lived  under  Marcus  Aurelius  ; 
and  we  have  ffill  extant  the  works  of  Pappus  of  Alex- 
andria, who  lived  in  the  time  of  Theodofiiis  ; the  com- 
mentary of  Eutocius,  the  Afcalonite,  who  lived  about 
the  year  of  Chriff  yqo,  on  Archimedesks  menfuration 
of  the  circle  ; and  the  commentary  on  Euclid,  by  Pro- 
clus,  who  lived  under  the  empire  of  Anaftalius. 

The  confeqiient  inundation  of  ignorance  and  barba- 

well  as  to  the 


rifm  was  unfavourable  to  Geometry,  as 
-other  fciences  ; and  the  few  \vho  applied  themfelves  to 
this  fcience.  were  calumniated  as  magicians.  However, 
in  thofe  times  of  European  darknefs,  the  Arabians  were 
diilinguiffied  as  the  guardians  and  promoters  of  fcience  ; 
and  from  the  9th  to  the  14th  century,  they  produced 
many  affronomers,  geometricians,  geographers,  S:c  ; 
from  whom  the  mathematical  fciences  were  again  re- 
ceived into  Spain,  Italy,  and  the  reft  of  Europe,  fome- 
wdiat  before  the  year  1400.  Some  of  the  earlieft 
writer's  after  this  period,  are  Leonardus  Pifaniis,  Lucas 
Paciolus  or  E)e  Burgo,  and  others  between  1400  and 
1 50c.  And  after  this  appeared  many  editions  of 
Euclid,  or  commentaries  upon  him  : thus,  Orontius 
Finseiis,  in  1530,  publiihed  a commentary  on  the  firft 
6 books  ; as  did  James  Peletariiis,  in  1557  ; and  about 
the  fame  time  Nicholas  Tartaglia  publiihed  a commen- 
tary on  the  whole  15  books.  There  have  been  alfo  the 
editions,  or  commentaries,  of  Commandine,  Clavius, 
Billinglly,  Scheubelius,  Herlinus,  Dafypodius,  Ramus, 
Herigon,  Stevinus,  Saville,  Barrow,  Taquet,  Dechales, 
Eurnier,  Scarborough,  Keill,  Stone,  and  many  others  ; 
but  the  completeft  edition  of  all  the  works  of  Euclid, 
is  that  of  Dr.  Gregory,  printed  at  Oxford  1703,  in 
Greek  and  Latin  : the  edition  of  Euclid,  by  Dr. 
Robert  Simfon  of  Glafgow,  containing  the  ftrft  6 books, 
with  the  nth  and  12th,  is  much  efteemed  for  its  cor- 
reflnefs.  The  principal  other  elementary  writers,  be- 
fides the  editors  of  Euclid,  are  Borelii,  Pardles,  Mar- 
chetti,  \¥oliiuB,  Simpfon,  &c.  And  among  thofe  who 
have  eone  bevond  Euclid  in  the  nature  of  the  Elemen- 
tary  parts  of  Geometry,  may  be  chiefly  reckoned, 
Apollonius,  in  his  Conics,  his  Loci  Plani,  De  Sedcione 
Detenninata,  his  Tangencies,  Inclinations,  Section  of  a 
Ratio,  SeClion  of  a Space,  &c  ; Archimedes,  in  his 
treatiies  of  the  Sphere  and  Cylinder,  the  Dimienfioii  of 
the  Circle,  of  Conoids  and  Spheroids,  of  Spirals,  and 
the  Quadrature  of  the  Parabola  ; Theodofius,  in  his 
,iSpherics  ; Sertnius,  in  his  Sedlions  of  the  Cone  and 
-Cylinder ; Kepler’s  Nova  Stcreometria  ; Cavalerius’s 


r 


Geometria  Indivillbilium  ; Torricelli’s  Opera  Geome^ 
trica  ; Viviani,  in  his  DIvinationes  Geometricas,  Exer« 
citatio  Mathematica,  De  Locis  Solidls,  De  Maximis  8c 
Minimis,  See  ; VIeta,  in  his  Effedlio  Geometrica,  Sup- 
plement. Geometriae,  Sedliones  Angulares,  Refponfum 
ad  Problema,  Apollornus  Gallus,  See  ; Gregory  St» 
A^incenPs  Qyiadratura  Circuli  ■;  Fermat’s  Varia  Opera 
Mathematica  ; Dr.  Barrow’s  Ledliones  Geometries  ; 
Bulliald  de  Lineis  Spiralibus;  Cavalerius;  Schooten  and 
Gregory’s  Exercitationes  Geometricas,  and  Gregory’s 
Pars  Univerfalis,  &c  ; De  Billy’s  treatife  De  Propor- 
tione  Harmonica  ; La  Lovera’s  Geometria  veteriim 
promota;  Sliifiiis’s  Mefolabium, Problem ata  Solida,  &c; 
Wallis,  in  his  treatifes  De  Cyclolde,  Ciffbide,  &c  ; De 
Proportionibus,  De  Sedlionibus  Conicis,  Arithmetica 
Infinltorum,  De  Centro  Gravitatls,  De  Sedfionibus 
Ang  ulaT  ibus,  De  Angulo  Contaclus,  Cuno-Cimeus,  &c. 
See  ; Hugo  De  Omeriqiie,  in  his  Analylis  Geometrica; 
Pafcal  on  the  Cycloid  ; Step.  Angeli’s  Problematu 
Geometrica  ;•  Alex.  Anderfon’s  Suppl.  Apollonil  Re- 
divivi.  Variorum  Problematum  PraHice,  See ; Baro- 
nius’s  Geomet.  Prob.  &c  ; Guido  Grand!  Geometr, 
Demonftr.  &c  ; Ghetaldi  Apollonius  Redivivus,  &c  ; 
Imdolph  van  Colen  or  a Ceulen,  de  Circulo  et  Ad- 
feriptis,  &c  ; Snell’s  Apollonius  Batavus,  Cyclomctri- 
cus,  &c;  Herberfteln’s  Diotome  Circuloriim  ; Palma’s 
Exerclt.  in  Geometriam ; Guldini  Centro-Baryca  ; 
with  feveral  others  equally  eminent,  of  more  modern 
date,  as  Dr.  Rob.  Simfon,  Dr.  Mat.  Stewart,  Mr. 
Tho.  Simpfon,  See.  Since  the  introdudlion  of  the 
new  Geometry,  or  the  Geometry  of  Curve  Lines,  as 
expreffed  by  algebraical  equations,  in  this  part  of  Geo* 
metry,  the  following  names,  among  many  others,  arc 
more  efpecially  to  be  refpedfed,  viz,  Des  Cartes, 
Schooten,  Newton,  Maclaurin,  Brackenridge,  Cramer, 
Cotes,  Waring,  &c,  Sec. 

As  to  the  fubjedl  of  Pradlical  Geometry,  the  chief 
writers  are  Beyer,  Kepler,  Ramus,  Clavius,  Mallet, 
Tacquet,  Ozanam,  Wolftus,  Gregor)’',  with  innumer- 
able others. 

Geometry  is  diftinguiffied  into  Theoretical  or  Spe- 
culative, and  Pradlical. 

Theoretical  or  Speculative  Geometry,  treats  of  the. 
various  properties  and  relations  in  magnitudes,  demon- 
ftrating  the  theorems,  &c.  And 

Pradical  Geometry,  is  that  which  applies  thofe 
fpcculations  and  theorems  to  particular  iifes  in  the  fohi- 
lion  of  problems,  and  in  the  meafurements  in  the  ordi- 
nary concerns  of  life. 

Speculative  Geometry  again  may  be  divided  into 
Elementary  and  Sublime. 

Elementary  or  Common  Geometry,  Is  that  which  is 
employed  in  the  confideration  of  right  lines  and  plane 
fiirfaces,  with  the  folids  generated  from  them.  And 
•the 

Higher  ot  .Sublime  Geometry,  is  that  which  is  ern- 
ployed  in  the  confideration  of  curve  lines,  conic  fedtions, 
and  the  bodies  formed  of  them.  This  part  has  been 
.chiefly  cultivated  by  the  .moderns,  by  help  of  the  im- 
proved  ffate  of  Algebra,  and  the  modern  analyfis  or 
Eluxions. 

GIBBOUS,  is  ufed  for  the  fnape  of  one  ftate  of  the 
enlightened  part  of  the  moon,  being. that  in  which  fhe 
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appears  more  tlian  half  mil  or  enlightened,  which  is  the 
time  between  the  firft  quarter  and  the  full  moon,  and 
from  the  full  moon  to  the  lall  quarter  ; appearing  then 
Gibbous,  that  is,  bnnehed  out,  or  convex  on  both  fides 
©f  the  enlightened  part ; as  contradlilinguinied  from 
the  date  when  die  is  lefs  than  lialf  full,  when  fire  is  faid 
to  be  horned,  or  a crefeent. 

GIMBOLS,  are  the  brafs  rings  by  which  a fea- 
compafs  is  fufpended  in  its  box  that  ufuaily  Hands  in 
the  binacle. 

GIN,  in  Artillery  and  INIechanics,  is  a machine  for 
raifing  great  weightvS,  ufuaily  compofed  of  three  long 
legs,  &c. 

GIRDERS,  in  Architecture,  are  the  larged  beams 
or  pieces  of  timber  fupporting  the  doors.  Their  ends 
are  ufuaily  fadened  into  the  fummers,  or  bread-fum- 
mers;  and  the  jodls  are  framed  in  at  one  end  to  the 
Girders.  By  the  datiite  for  rebuilding  I^ondon,  no 
Girder  is  to  He  lets  than  lo  inches  into  the  wall,  and 
their  ends  to  be  always  laid  in  loam.  See.  The  diorter 
bearings  a Girder  has,  and  the  oftener  it  is  fiipported 
by  the  internal  or  partition  walls,  fo  much  the  better. 
The  edablidied  breadth  and  depth  of  a Girder,  ac- 
cording to  its  length  of  bearing,  arc  as  in  the  following 
tablet : 
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GIRT,  in  Timber-meafuring,  is  the  circumference 
of  a tree  ; though  fome  ufe  this  word  for  the  quarter 
or  4th  part  of  the  circumference  only,  on  account 
of  the  great  ufe  that  Is  made  of  it ; for  the  fquare 
of  this  4th  part  is  edeemed  and  ufed  as  equal  to 
the  area  of  the  feCIion  of  the  tree  ; which  fquare 
therefore  multiplied  by  the  length  of  the  tree,  is  ac- 
counted the  i(did  content.  This  content  however  is 
always  about  one-fourth  part  lefs  tlian  the  true  quantity  ; 
being  nearly  equal  to  what  this  will  be  after  the  tree  is 
hewed  fquare  in  the  ulual  way  : fo  that  it  feems  in- 
tended to  make  an  allowance  for  tliefqiiaring  of  the  tree. 

GiRT-A/Vie,  Is  a line  on  the  common  or  carpenter’s 

Hiding  rule,  employed  in  cading  up  the  contents  of 

trees  bv  means  of  their  Girt. 

« 

GIVEN,  Datum,  a term  very  often  ufed  in  mathe- 
matics, and  fignilies  fometliing  that  is  fuppofed  to  be 
known. 

Thus,  if  a magnitude  be  known,  or  if  we  can  find 
another  equal  to  it,  it  is  faid  to  be  Given  in  magnitude. 
Or  when  the  pofition  ot  any  thing  is  known,  it  is  faid 
to  be  Given  in  pofition.  And  when  the  diameter  of  a 
circle  Is  known,  the  circle  Is  Given  In  magnitude.  Or 
the  circle  Is  Given  in  pofition  when  its  centre  Is  Given 
in  pofition.  When  the  kind  or  fpccies  of  a figure  is 
known,  or  remains  tlie  fanuq  it  is  Given  in  fpecie.  And 
io  on. 
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Euclid  wrote  a book  of  Data,  or  concerning  thi.ygs 
Given,  In  95  propofitions,  ufuaily  accompanying  his 
Elements,  in  the  bed  editions,  and  which  Pappus 
reckons  as  one  of  the  bed  fpecimens  of  the  analytical 
works  of  the  ancients. 

GLACIS,  in  Eortification,  a (loping  bank  reaching 
from  the  parapet  of  the  counterfearp,  or  covered-way, 
to  the  level  fide  of  the  field,  commonly  at  the  diilance 
of  about  40  yards. 

GI^OBE,  a round  or  fpheiical  body,  more  ufuaily 
called  a fphere,  bounded  b\  one  uniform  convex  fur- 
face,  every'  point  of  wliich  is  equally'  dillant  from  a 
point  within  called  its  centre.  Euclid  dedlnes  the 
Globe,  or  fphere,  to  be  a folid  figure  defenbed  by  the 
revolution  oi;  a fcmi-clrclc  about  its  diameter,  wliich 
remains  unmoved.  Alio,  Its  axis  Is  the  iixcd  line  or 
diameter  about  which  the  ftmi-circle  revolves  ; and  its 
centre  is  the  fame  with  that  of  the  revolving  fenii- 
clrcle,  a diameter  of  it  being  any'  rigiit  line  that  paffes 
through  the  centre,  and  terminated  both  ways  by'  the 
fuperlicles  of  the  fphere.  Elem.  ii.  dcf.  14,  ic,  16,  17. 

Euclid,  at  the  end  oi  the  12th  book,  fliews  that 
fpheres  are  to  one  another  in  the  triplicate  ratio  of  their 
diameters,  that  is,  their  folidities  are  to  one  another 
as  the  cubes  of  their  diameters.  And  Archimedes  de- 
termines the  real  miagnitudes  and  mealurcs  of  the  fur- 
faces  and  folidities  of  ipheres  and  their  legments,  in  his 
treatife  de  Sphxra  et  Cylindro  : vl/,  i,  I'hat  the  fu- 
perficies  of  any'  Globe  Is  equal  to  4 times  a great  cir- 
cle of  It. — 2,  That  any  fphere  is  equal  to  ' of  its  eireum- 
feriblng  cylinder,  or  oi  the  cylinder  of  the  fame  diame- 
ter and  altitude. — 3,  That  the  curve  furface  of  the 
fegment  of  a globe,  is  equal  to  the  circle  whofe  radius 
is  the  line  drawn  from  the  vertex  of  the  fegment  to 
the  circumference  of  the  bafe. — 4,  That  the  content 
of  a folid  feflor  of  the  (rlobe,  is  equal  to  a cone  whofe 
altitude  Is  the  radius  of  the  Globe,  and  its  bafe  eqiud 
to  the  curve  fiiperlieies  01  bafe  of  the  fecdor.  Wdth 
many  other  properties.  And  from  hence  are  eafily 
deduced  thefe  pradlical  rules  ior  the  furfaces  and  foli- 
dities of  Globes  and  their' fegments  ; viz, 

1.  For  the  Surface  of  a G/oA,  multiply  the  fquare  of 
the  diameter  by  3’ 1416  ; or  multiply  the  diameter  by 
the  circumference. 

2.  For  the  Solidity  of  a Globe,  multiply'  the  cube  of 

the  diameter  by  *5236  (viz  of  3* [416)  ; or  multiply 
the  furiace  by'  h diameter. 

3.  For  the  Surface  of  a Sepnent,  multiply'  the  diame- 
ter of  the  Globe  l)y'  the  altitude  of  the  fegment  and  the 
product  again  by  3*1416. 

4.  dor  the  SoJ.dity  oj  a Segment,  multiply'  the  fquare  of 
the  diameter  of  the  Globe  by  the  difference  between 
3 times  that  diameter  and  2 times  the  altitude  of  the 
iegment,  and  the  produfl  again  by  *5236,  or  ^ of 
3*1416. 

Hence,  if  d denote  the  diameter  of  tlie  Globe, 
c the  circumference, 
a the  altitude  of  any  fegment,  and 
y)  — 3*1416  ; then 
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The  Glob  H,  or  Terraqueous  Globe,  is  the  body 
or  mafs  of  the  earth  and  water  together,  which  is  nearly 
globular. 

Globe,  or  Artificial  Globe,  is  more  particularly 
iifed  for  a Globe  of  metal,  plaifler,  paper,  pafleboard, 
&c,  on  the  furface  of  which  is  drawn  a map,  or  re- 
prefentation  of  either  the  heavens  or  the  earth,  with 
the  feveral  circles  conceived  upon  them.  And  hence 

Globes  are  of  two  kinds,  Terrelliial,  and  Celeftial; 
wliich  are  of  confiderable  ufe  in  geography  and  aftro- 
nomy,  by  ferving  to  give  a lively  reprefentation  of 
their  principal  objeffs,  and  for  performing  and  illuflrat- 
ing  many  of  their  operations  in  a manner  eafy  to  be  per- 
ceived by  the  fenfes,  and  fo  as  to  be  conceived  even 
without  any  knowledge  of  the  mathematical  grounds  of 
thofe  fciences. 

Defc  rlption  of  the  Globes. 

The  fundamental  parts  that  are  common  to  both 
Globes,  are  an  axis,  reprefenting  the  axis  of  the  world, 
paffing  through  the  two  poles  of  a fpherical  fhell,  repre- 
lenting  thofe  of  the  world,  which  fliell  makes  the  body 
of  the  Globe, (upon  the  external  furface  of  wmich  is  drawm 
the  reprefentation  of  the  wdiole  furface  of  the  earth, 
fea,  rivers,  iflands,  &c,  for  the  Terreilrial  Globe,  and 
the  liars  and  conllcllations  of  the  heavens,  for  the  Ce- 
leilial  one ; befides  the  equinoblial  and  ecliptic  lines, 
the  zodiac,  the  trvo  tropics  and  polar  circles,  and  a 
number  of  imeridian  lines.  There  is  next  a brazen  me- 
ridian, being  a llrong  circle  of  brafs,  circumferibing 
the  Globe,  at  a fmall  dillance  from  it  quite  round,  in 
which  the  globe  is  hung  by  its  two  poles,  upon  which 
it  turns  round  within  this  circle,  which  is  divided  into 
4 times  90  degrees,  beginning  at  the  equator  on  both 
hdcs,  and  ending  with  90  at  the  two  poles.  There 
are  alfo  two  fmall  hour  circles,  of  brafs,  divided  into 
twice  12  hours,  and  fitted  on  the  meridian  round  the 
poles,  rvhich  carry  an  index  pointing  to  the  hour.  The 
whole  is  fet  in  a wmoden  ring,  placed  parallel  to,  and  re- 
prefenting the  horizon,  in  which  the  Globe  Hides  by  the 
brafs  meridian,  elevating  or  depreffing  the  pole  accord- 
ing to  any  propofed  latitude.  There  is  alfo  a thin 
flip  of  brafs,  called  a Quadrant  of  Altitude,  made  to 
fit  on  occafiionally  upon  the  brafs  meridian,  at  the  high- 
efi  or  vertical  point,  to  meafure  the  altitude  of  any 
thing  above  the  horizon.  A magnetic  compafs  is 
iometiines  fet  underneath.  See  the  figure  of  the  Globes 
fo  mounted,  at  fig.  i,  plate  xii. 

Such  is  the  plain  and  fimple  conllruflion  of  the  ar- 
tificial Globe,  v/hether  celeftial  or  terreilrial,  as  adapted 
to  the  time  only  for  which  it  is  made.  * But  as  the 
angle  formed  by  the  equator  and  ecliptic,  as  well  as 
their  point  of  interfeblion,  is  always  changing  ; to  re- 
medy thefe  inconveniences,  feveral  contrivances  have 
been  made,  fo  as  to  adapt  the  fame  Globes  to  any 
other  time,  either  pall  or  to  comie  ; as  well  as  other 
contrivances  to  anfwer  particular  purpofes. 

Thus,  Mr.  Senex,  a celebrated  maker  of  Globes, 
had  a contrivance  wdiich,  by  means  of  a nut  and  ferew, 
caufed  the  pole  of  the  equator  to  revolve  about  the 
pole  of  the  ecliptic,  by  any  quantity  anfwering  to  the 
precefiion  of  the  equinoxes,  fince  the  time  for  which 
the  Globe  w'as  made.  Philof.  Tranf.  number  447,  or 
Abr.  vol.  8,  p.  217,  alfo  Philof.  Tranf.  vol.  46,  p.  290. 
Mr.  Jofe^fti  Harris,  late  affay-mafter  of  the  Mint, 


made  fome  contrivances  to  Ihew  the  effefls  of  the  earth^s 
motions.  H'e  fixed  two  horary  circles  under  the  brafs 
meridian,  to  the  axis,  one  at  each  pole,  fo  as  to  turn 
round  with  the  Globe,  and  that  meridian  ferved  as  an 
index  to  cut  the  horary  divifions.  The  Globe  in  this 
Hate  ferves  equally  for  refolving  problems  in  both  north 
and  fouth  latitudes,  as  alio  in  places  near  the  equator ; 
whereas,  in  the  common  conftru6lion,  the  axis  and  ho- 
rary circle  prevent  the  brafs  meridian  from  being  move- 
able  quite  round  in  the  horizon.  This.  Globe  is  alfo 
adapted  for  fiiewing  how  the  viciffitudes  of  day  and 
night,  and  the  alteration  of  their  lengths,  are  really 
occafioned  by  the  motion  of  the  earth  : for  this  purpofe, 
he  divides  the  brafs  meridian,  at  one  of  the  poles,  into 
months  and  days,  according  to  the  fun’s  declination, 
reckoning  from  the  pole.  Therefore,  by  bringing  the 
day  of  the  month  to  the  horizon,  and  reflifying  the 
Globe  according  to  the  time  of  the  day,  the  horizon 
will  reprefent  the  circle  feparating  light  and  darknefs, 
and  the  upper  half  of  the  Globe  the  illuminated  hemi- 
fphere,  the  fun  being  in  the  zenith.  Mr.  Harris  alfo 
gives  an  account  of  a cheap  machine  for  fhewing  how 
the  annual  motion  of  the  earth  in  its  orbit  caufes  the 
change  of  the  fun’s  declination,  wu’thout  the  great  ex- 
pence of  an  orrery.  Philof.  Tranf,  number  456,  or 
Abr.  vol.  8,  p.  352. 

The  late  Mr.  George  Adams  made  alfo  fome  ufeful 
improvements  in  the  conftrudtion  of  the  Globes.  'Be- 
fides what  is  ufual,  his  Globes  have  a thin  brafs  femi- 
circle  moveable  about  the  poles,  with  a fmall  thin  Aid- 
ing circle  upon  it.  On  the  terreftrial  Globe,  the  for- 
mmr  of  thefe  is  a moveable  meridian,  and  the  latter  is  the 
vifible  horizon  of  any  particular  place  to  which  it  is 
fet.  But  on  the  celeftial  Globe,  the  femi-circle  is  a 
moveable  circle  of  declination,  and  its  fmall  annexed 
circle  an  artificial  fun  or  planet.  Each  Globe  has  a 
brafs  wire  circle,  placed  at  the  limits  of  the  tv/ilight. 
The  terreftrial  Globe  has  many  additional  circles,  as 
well  as  the  rhumb-lines,  for  refolving  all  the  neceflary 
geographical  and  nautical  problems  : and  on  the  celef- 
tial Globe  are  drawn,  on  each  fide  of  the  ecliptic,  8 
parallel  circles,  at  the  diftance  of  one  degree  from  each 
other,  including  the  zodiac  ; which  are  crofted  at  right- 
angles  by  fegments  of  great  circles  at  every  5th  degree 
of  the  ecliptic,  for  the  more  readily  noting  the  place  of 
the  m.oon  or  of  any  planet  upon  the  Globe.  On  the 
ftrong;  brafs  circle  of  the  terreftrial  Globe,  and  about 
23  1 degrees  on  each  fide  of  the  north  pole,  the  days 
of  each  month  are  laid  down  according  to  the  fun’s  de- 
clination : and  this  brafs  circle  is  fo  contrived,  that  the 
Globe  may  be  placed  with  the  north  and  fouth  poles 
in  the  plane  of  the  horizon,  and  with  the  fouth  pole 
elevated  above  it.  The  equator,  on  the  furface  of  either 
Globe,  ferves  the  purpofe  of  the  horary  circle,  by 
means  of  a femi-circular  wire  placed  in  the  plane  of 
tl^e  equator,  carrying  two  indices,  one  of  which  is  oc- 
cafionally  to  be  ufed  to  point  out  the  time.  For  a 
farther  account  of  thefe  Globes,  with  the  method  of 
ufing  them,  fee  Mr.  Adams’s  treatife  on  their  conftruc- 
tion  and  ufe. 

There  are  alfo  what  are  called  Patent  Globes,  made 
by  Mr.  Neale  ; by  means  of  which  he  refolves  feveral 
aftronomical  problems,  wdiich  do  not  admit  of  folutioa 
by  the  common  Globes^ 

Mr. 
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Mr.  Fergufon  llkewife  made  feveral  improvements 
of  the  Globes,  particularly  one  for  conftrufting  dials, 
and  another  called  a planetary  Globe.  See  Philof. 
Tranf.  vol.  44,  p.  535,  and  Fergufon’s  Ailron.  p.  291, 
and  292. 

Laftly,  in  the  Philof.  Tranf.  for  1789,  vol.  79,  p.  i, 
Mr.  Smeatoii  has  propofed  feme  improvements  ot  the 
celeftiai  Globe,  efpecially  with  refpe6f  to  the  quadrant  of 
altitude,  for  the  refolution  of  problems  relating  to  the 
azimuth  and  altitude.  The  difficulty,  he  obferves,  that 
has  occurred  in  hxing  a femicircle,  fo  as  to  have  a 
centre  in  the  zenith  and  nadir  points  of  the  Globe,  at 
the  fame  time  that  the  meridian  is  left  at  liberty  to 
raife  the  pole  to  its  defired  elevation,  I fuppofe,  has  in- 
duced the  Globe-makers  to  be  contented  with  the  ftrip 
of  thin  flexible  brals,  called  the  quadrant  of  altitude  ; 
and  it  is  well  known  how  imperfeftlv  it  performs  its 
office.  The  improvement  I have  attempted,  is  in  the 
application  of  a quadrant  of  altitude  of  a more  folid 
conftrudtion  ; which  being  affixed  to  a brafs  focket  of 
fome  length,  and  this  ground,  and  m.ade  to  turn  upon 
an  upright  fteei  fpindle,  fixed  in  the  zenith,  fleadily 
direAs  the  quadrant,  or  rather  arc,  of  altitude  to  its 
true  azimuth,  without  being  at  liberty  to  deviate  from 
a vertical  circle  to  the  right  hand  or  left  : by  which 
means  the  azimuth  and  altitude  are  given  with  the  fame 
exadtnefs  as  ,the  meafure  of  any  other  of  the  great  cir- 
cles. For  a more  particular  defeription  of  this  improve- 
ment, illufcrated  with  figures,  lee  the  place  above 
quoted. 

The  ufe  of  the  T errejlnal  Globe. 

Pros.  1.  To  fnd  the  latitude  and  longitude, of  any  place. 

• — Bring  the  place  to  the  graduated  fide  of  the  firif  me- 
ridian : then  the  degree  of  the  meridian  it  cuts  is  the 
latitude  fought ; and  the  degree  of  the  equator  then 
under  the  meridian  is  the  longitude. 

II.  To  fnd  a place,  having  a given  latitude  and  longi- 
tude.— Find  the  degree  of  longitude  on  the  equator, 
and  bring  it  to  the  brafs  mieridian  ; tlien  find  the  de- 
gree of  latitude  on  the  meridian,  either  north  or  fouth 
of  the  equator,  as  the  given  latitude  is  north  or  fouth; 
then  the  point  of  the  Globe  juit  under  that  degree  of 
latitude  is  the  place  required. 

III.  To  fnd  all  the  places  on  the  Glohe  that  have  the 
fame  latitude,  and  the  fame  longitude,  or  hour,  nvith  a given 
place,  as  fuppofe  London.^ — Bring  the  given  place  Lon- 
don to  the  meridian,  and  obferve  what  places  are  jull 
under  the  edge  of  it,  from  north  to  fouth  ; and  all 
thofe  places  have  the  fame  longitude  and  liour  with  it. 
Then  turn  the  Globe  quite  round;  and  all  thofe  places 
which  pafs  juft  under  the  given  degree  of  latitude  on 
the  meridian,  have  the  fame  latitude  with  the  given 
place. 

IV.  To  fnd  the  Antceci,  Periceci  and  Antipodes,  of  any 

given  place,  fuppofe  Ljondon. Bring  the  given  place 

London  to  the  meridian,  then  count  51-  the  fame  de- 
gree of  latitude  foutlnvard,  or  towards  the  other  pole, 
and  the  point  thus  arrived  at  will  be  the  Antceci,  or 
where  the  hour  of  the  day  or  night  is  always  the  fame 
at  both  places  at  the  fame  tirrie,  and  where  the  feafons 
and  lengths  of  days  and  nights  are  alfo  equal,  but  at 
half  a year  diftance  from  each  other,  becaufe  their  fea- 


fons arc  oppofite  or  contrary.  London  being  ftill 
under  the  meridian,  fet  the  hour  index  to  12  at  noon, 
or  pointing  towards  London  ; then  turn  the  Globe  juft 
half  round,  or  till  the  index  point  to  the  eppoiite 
hour,  or  12  at  night ; and  the  place  that  comes  under 
the  fame  degree  of  the  meridian  where  London  was, 
fhews  where  the  Periccci  dwell,  or  thofe  people  that 
have  the  fame  feafons  and  at  the  fame  time. as  Lon- 
don, as  alfo  the  fame  length  of  days  and  nights  5:  cat 
that  time,  but  onlv  their  time  or  hour  is  juft  oppofite, 
or  12  hours  diftant,  being  day  wnth  one  when  night 
with  the  other,  <Scc.  Laftly,  as  the  Globe  ftands, 
count  down  by  the  meridian  the  fame  degree  of  lati- 
tude fouth,  and  that  will  give  th.e  place  of  the  Anti- 
podes of  London,  being  diametrically  under  or  oppofite 
to  it ; and  fo  having  all  its  times,  both  hours  and  fea* 
fons  oppofite,  being  day  with  the  one  wdien  night  with 
the  other,  and  fummer  wnth  the  one  wdien  winter  with 
the  other. 

V.  To  fnd  the  Difance  of  tavo  places  on  the  Glohe. — 
If  the  two  places  be  either  both  on  the  equator,  or  both 
on  the  fame  meridian,  the  number  of  degrees  in  the 
diftance  between  them,  reduced  into  miles,  at  the  rate 
of  70  Englifh  miles  to  the  degree,  (or  more  cxacl 
69^),  will  give  the  diftance  nearly..  But  in  any  other 
fituatioiis  of  th^*  two  places,  lay  the  quadrant  of  alti- 
tude over  them,  and  the  degrees  counted  upon  it,  from 
the  one  place  to  the  other,  and  turned  into  miles  as 
above,  whll  give  the  diftance  in  this  cafe. 

VI.  To  fnd  the  Difference  in  the  Time  of  the  day  at 
any  tvoo  given  places,  and  thence  the  Difference  of  Ijongi- 
iude. — Bring  one  of  the  places  to  the  meridian,  and  fet 
the  hour  index  to  12  at  noon;  then  turn  the  Globe 
till  the  other  place  comes  to  the  meridian,  and  the  in- 
dex wnll  point  out  the  difference  of  time  ; then  by  al- 
lowing 15°  to  every  hour,  or  1°  to  4 minutes  of  time, 
the  difference  of  longitude  will  be  known, — Or  the  dif- 
ference of  longitude  tnay  be  found  without  the  time, 
thus  ; 

Firft  bring  the  one  place  to  the  meridian,  and  note 
the  degree  of  longitude  on  the  equator  cut  by  it ; then 
do  the  fame  by  the  other  place  ; which  gives  the  lon- 
gitudes of  the  two  places  ; then  fubtradiling  tlie  one 
number  of  degrees  from  the  other,  gives  the  difierence 
of  longitude  fought. 

VI I.  The  time  being  hiovm  at  any  given  place,  as 
fuppofe  Dondon,  to  fnd  auhat  hour  it  is  in  any  other  part 
of  the  nuorld. — Bring  the  given  place,  London,  to  the 
meridian,  and  fet  the  index  to  the  given  hour  ; then 
turn  the  Globe  till  the  other  place  come  to  the  meri- 
dian, and  look  at  what  hour  the  index  points,  which 
will  be  the  time  foiuj'ht. 

VilL  To  find  the  Sung's  place  in  the  ecliptic,  and  alfo 
on  the  Globe,  at  any  given  time. — Look  into  the  calendar 
on  the  wmoden  horizon  for  the  month  and  day  of 
tlie  month  propofed,  and  immediately  oppofite  ftands 
the  fign  and  degree  which  the  fun  is  in  on  that  day. 
Then  in  the  ecliptic  drawn  upon  the  Globe,  look  for 
the  fume  iign  and  degree,  and  that  will  be  the  place  of 
the  fun  required. 

IX.  To  fnd  at  vohat  place  on  the  earth  the  fun  is 
vertical,  at  a given  moment  of  time  at  another  place,  as 
fuppofe  London. — Find  the  fun’s  place  on  the  Globe 
by  the  laft  problem,  and  turn  the  Globe  about  till 
3^2  that 
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that  place  come  to  the  meridian,  and  note  the  degree 
of  the  meridian  juft  over  it.  Then  turn  the  Globe 
till  the  given  place,  London,  come  to  the  meridian, 
and  fet  the  index  to  the  given  moment  of  time.  Laftly, 
turn  the  Globe  till  the  index  points  to  12  at  noon  j 
then  the  place  of  tiie  earth,  or  Globe,  which  Hands 
under  the  before  noted  degree,  has  the  iun  at  that  mo- 
ment in  the  zenith. 

X.  ^To  find  houf  long  the  fun  JJfines  nvilhout  fettingy 

in  any  given  place  in  the  faigtd  %ones. Subtradl  the 

degrees  of  latitude  of  tlic  given  place  from  90,  Avlu’ch 
gives  tlie  complement  of  the  latitude,  and  count  the 
number  of  this  complement  upon  the  meridian  from  the 
equator  towards  tlic  pole,  marking  that  point  of  the 
meridian  ; then  turn  the  Globe  round,  and  carefully  ob- 
ferve  what  two  degrees  of  the  ecliptic  pals  exacftly  un- 
der the  point  marked  on  the  meridian.  Then  lookTor 
the  fame  degrees  of  the  ecliptic  on  the  wooden  horizon, 
and  in  ft  oppofite  to  them  ftand  the  months  and  days 
of  the  months  correfponding,  and  between  which  two 
days  the  fun  never  fets  in  that  latitude. 

If  the  becfinninor  and  end  of  the  longeft  night  be 
required,  or  the  period  of  time  in  which  the  fun  never 
rifes  at  that  place  count  the  fame  complement  of  la- 
titude towards  the  fouth  or  fartlieft  pole,  and  then  the 
reft  of  the  work  will  be  the  fame  in  all  rclpedfs  as 
above. 

Note,  that  this  folution  is  independent  of  the  hori- 
zontal refraiflion  of  the  fun,  which  ra'fes  him  rather 
more  than  half  a degree  higher,  by  that  means  making 
the  day  fo  much  longer,  and  the  night  the  fiiorter  ; 
therefore  in  this  cafe,  fet  the  mark  on  the  meridian  half 
a degree  liiglier  up  towards  the  north  pole,  than  what 
the  complement  of  latitude  gives  ; then  proceed  with 
it  as  before,  and  the  more  exafl  time  and  length  of  the 
longeft  day  and  night  will  be  found. 

XI.  A place  being  given  In  the  torrid  %oney.  to  find  on 
what  two  days  of  the  year  the  fun  is  vertical  at  that 

place. Turn  the  Globe  about  till  the  given  place 

come  to  the  meridian,  and  note  the  degree  of  the  me- 
ridian it  comes  under.  Next  turn  the  Globe  round 
again,  and  note  the  two  points  of  the  ecliptic  paiftng 
under  that  degree  of  the  ineridian.  Imftly,  by  the 
wooden  horizon,  find  on  what  days  the  fun  is  in  thofe 
two  points  of  the  ecliptic  ; and  on  thefe  days  he  will  be 
vertical  to  the  given  place. 

XI I.  ‘To  find  thofe  places  in  the  torrid  zone  fo  which 

the  fun  is  vertical  on  a givc?i  day. liaving  found  the 

fun’s  place  in  the  ecliptic,  as  in  the  8th  problem,  turn 
the  Globe  to  bring  the  fame  point  of  the  ecliptic  on 
the  Globe  to  the  meridian  ; then  again  turn  the  Globe 
round,  and  note  all  the  places  which  pafs  under  that 
point  of  the  meridian  ;•  which  will  be  the  places 
fought. 

After  the  fame  manner  may  be  found  what  people 
are  Afcii  for  any  given  day.  And  alfo  to  what  place 
of  the  earth,  the  moon,  or  any  other  planet,  is  vertical 
on  a given  day  ; finding  the  place  of  the  planet  on  the 
globe  by  means  of  its  right  afeenfion  and  declination, 
like  finding  a place  from  its  longitude  and  latitude 
given. 

XIII.  To  reBlfy  the  Globe  for  the  latitude  of  any  place. 

By  hiding  the  brafs  meridian  in  its  groove,  elevate 


the  pole  as  far  above  the  horizon  as  is  equal  to  tlie  la- 
titude of  the  place  ; fo  for  London,  raife  the  north 
pole  5i|  degrees  above  the  wooden  horizon  : then  turn 
the  Globe  on  its  axis  till  the  place,  ns  London,  come 
to  the  meridian,  and  there  fet  the  index  to  12  at  noon. 
Then  is  the  place  exaflly  on  the  vertex,  or  top  point  of 
the  Globe,  at  90°  every  way  round  from  the  wooden 
horizon,  which  reprefents  the  horizon  of  the  place. 
And  if  the  frame  of  the  Globe  be  turned  about  till  the 
compafs  needle  point  to  22 1 degrees,  or  two  points 
weft  of  the  north  point  (becaufe  the  variation  of  the 
magnetic  needle  is  nearly  22  | degrees  weft),,  fo  (hall  trie 
Globe  then  ftand  in  the  exadl  pofitioii  of  tire  earth,  with 
its  axis  pointing  to  the  north  pole. 

XIV.  To  find  the  length  op'  the  day  or  nighty  or  the 
full’s  r'fizig  or  fettingy  in  any  latitude  ; having  the  day  of 

the  month  given. Reflify  the  Globe  for  the  latitude 

of  the  place  ; then  bring  the  fun’s  place  on  the  globe  to 
the  meridian,  and  fet  the  index  to  12  at  noon,  or  the 
upper  12,  and  then  the  Globe  is  in  the  projier  pofition 
for  noon  day.  Next  turn  the  Globe  about  towards 
the  eaft  till  the  fun’s  place  comie  juft  to  the  wooden  ho- 
rizon, and  the  index  will  then  point  to  the  hour  of  fun- 
rife  ; alfo  turn  the  Globe  as  far  to  the  weft  fide,  or  till 
the  fun’s  place  come  juft  to  tlie  horizon  on  the  weft 
fide,  and  then  the  Index  will  point  to  the  hour  of  fun- 
fet.  Thefe  being  now  knov/n,  double  the  hour  of 
fetting  will  be  the  length  of  the  dav,  and  double  the. 
rifing  will  be  the  length  of  the  night. — And  thus  alfo- 
may  the  length  of  the  longeft  day,  or  the  fiiorteft 
day,  be  found  for  any  latitude. 

XV.  To  find  the  beginning  and  end  of  Twilight  on  any- 

day  of  the  year y for  any  lafitucle. It  is  twilight  all  the 

time  from  funfet  till  the  fun  is  18°  below  the  horizon, 
and  the  famie  in  the  miornincr  from  the  time  the  fan  is 
18°  below  the  horizon  till  the  moment  of  his  rife. 
Therefore,  redlify  the  Globe  for  the  latitude  of  the 
place,  and  for  noon  by  fetting  the  index  to  12,  and 
ferew  on  the  quadrant  of  altitude.  Then  take  the 
point  of  the  ecliptic  oppofite  the  fmi’s  place,  and  turn* 
the  Globe  on  its  axis  weftward,  as  alfo  the  quadrant  of 
altitude,  till  that  point  cut  this  quadrant  in  the  i8th. 
degree  below  the  horizon,  tlien  the  index  will  Oiew  the 
time  of  dawning  in  the  morning ; next  turn  the  Globe 
and  quadrant  of  altitude  towards  the  eaft,  till  the  laid 
point  oppofite  the  fun’s  plaee  meet  this  quadrant  in  the 
fame  18th  degroej  and  then  the  index  will  (hew  the 
time  when  twiliVlit  ends  in  the  eveninsf. 

XVI.  At  any  given  day,  and  hour  of  the  day y to  find 
all  thofe  places  on  the  Globe  where  tJye  fin  then  rifes  y or 

JetSy  as  alfo  where  it  is  noon  dayy  whjere  It  is  day  lighty 

and  where  it  is  in-  darhnefs. Find  wliat  place  the, 

fun  is- vertical  to,  at  that  time  ; and  elevate  the  Globe 
according  to  the  latitude  oF  that  place,  and  bring  the 
place  alfo  to  the  meridian  ;•  in  which  ftate  it  will  alfo 
be  in  the  zenith  of  the  Globe.  Then  is  all  the  upper 
hemifphere,  above  the  wooden  horizon,  enlightened,, 
or  in  day  light  ; while  all  the  lower  one,  below  the 
horizon,  is  in,  darknefs,  or  night  : thofe  places  by  the 
edge  of  the  meridian,  in  the  upper  hemifphere,  have 
noon  day,  or  12  o’clock;  and  thofe  by  the  meridian 
below,  have  it  midnight  : kiftly,  all  tliofe  places  by 
the  eaftern  fide  of  the  horizon,  have  the  fun  juft  fet- 
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ting,  and  tliofe  by  the  wcftern  horizon  have  him  juil 
rill  n Of.  • 

Hence,  as  in  the  middle  of  a lunar  eclipfe  the  moon 
is  ill  that  degree  of  the  ecliptic  oppofite  to  the  fun’s 
place  ; by  the  prefent  problem  it  may  be  Ihevvn  what 
places  of  the  earth  then  fee  the  middle  of  the  eclipfe, 
and  what  the  beginning  or  ending;  by  ufingthe  moon’s 
place  inftead  of  the  fun’s  place  in  the  problem. 

XVII.  'To  find  the  bearing  of  one  place  from  another^ 

and  their  a?ig  e of  pcfitioiu Bring  the  one  place  to 

the  zenith,  by  rectifying  the  Globe  for  its  latitude, 
and  turning  the  Globe  till  that  place  come  to  the  me- 
ridian ; then  ferew  the  quadrant  of  altitude  upon  the 
meridian  at  the  zenith,  and  make  it  revolve  till  it  come 
to  the  other  place  on  the  Globe  ; then  look  on  the 
wooden  horizon  for  the  point  of  the  compafs,  or  num- 
ber of  degrees  from  the  fouth,  where  the  quadrant  of 
altitude  cuts  it,  and  that  wall  be  the  bearing  of  the  lat- 
ter place  from  the  former,  or  the  angle  of  pohtion 
fought. 

The  Ufe  of  the  Celcjllal  Globf. 

The  Celellial  Globe  differs  from  the  terreffrial  only 
in  this  ; inffead  of  the  feveral  parts  of  the  earth,  the 
images  of  the  liars  and  conilellations  are  deligned.  The 
meridian  circle  drawni  through  thetwo  poles  andthrough 
the  point  Cancer,  reprefents  the  folilitial  colure  ; but 
that  through  the  point  Aries,  reprefents  the  equinodlia.l 
colure. 

Prob.  XVIII.  To  exhibit  the  tnie  reprefntatlon  of 

the  face  of  the  hen-vens  at  any  given  time  and  place. 

Reclify  for  the  lat.  of  the  place,  by  prob.  13,  fetting 
the  Globe  with  its  pole  pointing  to  the  pole  of  the 
world,  by  m.eans  of  a compafs.  Find  the  fun’s  place 
in  the  ecliptic,  and  turn  the  Globe  to  bring  it  to  the 
mieridian,  and  there  fet  the  index  to  12  at  noon.  Aofain 
revolve  the  Globe  on  its  axis,  till  the  index  point  to  the 
given  hour  of  the  day  or  night  : fo  lliall  the  Globe  in 
this  polition  exaClly  reprefent  the  face  of  the  heavens  as 
it  appears  at  that  time,  every  conffellation  and  liar,  in 
the  heavens,  anfwering  in  pofition  to  thofe  on  the 
Globe  ; fo  that,  by  examining  the  Globe,  it  will  im- 
mediately appear  which  liars  are  above  or  below  the 
horizon,  wffich  on  the  eaft  or  w’ellern  parts  of  the  hea- 
vens, w'hich  lately  rifen,  and  wdiich  going  to  fet,  &c. 
And  thus  the  pofitions  of  the  feveral  planets,  or  comets, 
may  alio  be  exhibited  ; having  marked  the  places  of  the 
Globe  where  they  are,  by  means  of  their  declination 
and  right  afcenfion. 

XIX.  Tofndthe  ddecUnailon  and  Rlght-nfccrfion  of  any- 

flar  upon  the  Globe. Turn  the  Globe  till  the  liar 

come  to  the  meridian  ; then  the  number  of  degrees  on 
the  meridian,  betw'een  the  equator  aird  the  liar,  is  its 
declination  ; and  the  degree  of  the  equator  cut  bv  the 

meridian,  is  the  right-afcenlion  of  the  liar. In  like 

manner  are  found  the  declination  and  right-afcenfion  of 
the  fun,  or  any  other  point. 

XX.  To  find  the  Tatltude  and  Tonfitude  of  any  far 

dravun  upon  the  Globe. Bring  the  iolilitial  colui’e  to 

the  meridian,  and  there  lix  the  quadrant  of  altitude 
over  the  pole  of  the  ecliptic  in  the  fame  hemilphere 
with  the  liar,  and  bring  its  graduated  edge  to  the  liar  ; 
then  the  degree  on  the  quadrant  cut  by  the  liar  is  its 
latitude,  counted  from  the  ecliptic;  and  the  degree  of 
the  ecliptic  cut  by  the  quadrant  its  longitude.  ' ^ 


XXI.  Ho  fad  the  place  of  a far,  planet,  cornet,  CaJr, 
on  the  Globe ; its  declination  and,  light -afcenfion  being 

knovun. Find  the  given  point  of  right-afcenfion  on 

the  equinoclial,  and  bring  it  to  the  meridian  ; then 
count  the  degrees  of  declination  upon  the  meridian 
from  the  equinoftial,  and  there  make  a mark  on  the 
Globe,  which  will  be  the  place  of  the  planet,  &c, 
fought. 

XXII.  To fnd  the  place  of  a far,  planet,  comet,  or 

other  objeB  on  the  Globe  ; its  latitude  and  longitude  being 
given. Bring  the  pole  of  the  ecliptic  to  the  meri- 

dian, and  there  fix  the  quadrant  of  altitude,  which 
turn  round  till  its  edge  cut  the  given  longitude  on  the 
ecliptic  ; then  count  the  given  latitude,  from  the  ecli]>- 
tic,  upon  the  quadrant  of  altitude,  and  tliere  make  a 
mark  on  the  Globe,  wdiich  will  be  the  place  of  the  pla- 
net, &c,  fought. The  place  on  the  Globe,  of  any 

fucli  planet,  &c,  being  found  by  this  or  the  foregoing 
problem,  its  rifing,  or  fetting,  or  miy  other  circum- 
llance  concerninor  it,  mav  then  be  found,  the  fame  as 
the  fun,  by  the  proper  problems. 

XXIII.  To  fnd  the  r'f  ng,  fetting,  and  culminating 
of  a far,  planet,  fun,  idc  ; -with  its  continuance  above  the 
hori-z,on,  for  any  place  and  day  ; as  a/fo  its  oblique  aj - 
etnfen  and  defcenfion,  n.vith  its  eaflern  and  vuefem  ampli- 
tude and  aTimuth. Adjull  the  Globe  to  the  ffate  ot 

the  heavens  at  12  o’clock  that  day.  Bring  the  liar, 
(kc,  to  the  eallern  fide  o.f  the  horizon  : which  will 
give  its  eaff ern  a.'upHtude  and  azimuth,  and  the  time  of 
rifmg,  as  for  the  fun.  Again,  turn  the  Globe  to  bring 
the  fame  flar  to  the  w^effern  fide  of  the  horizon  : fo  wull 
the  w'ellern  amplitude  and  azimuth,  with  the  time  of 
fetting,  be  found.  Then,  the  time  of  rifmg,  fubtradl- 
ed  from  that  of  fetting,  leaves  the  continuance  of  the 
flar  above  the  horizon  : this  ccMitinuance  above  the  ho- 
rizon taken  from  24  hours,  leaves  the  time  it  is  below 
the  horizon.  Lalllv,  brlnp'  the  flar  to  the  meridian, 
and  the  hour  to  wdiich  the  index  then  points  is  the  time 
of  its  culmination,  or  fouthing. 

XXIV. .  To fnd  the  altitude  of  the  fun,  or far,  Isfc,  for 

any  given  hour  of  the  day  or  night. Adjull  the  Globe 

to  the  pofition  of  the  heavens,  and  turn  it  till  the  index 
point  at  the  given  hour.  Then  fix  on  the  quadrant  of 
altitude,  at  90  degrees  from  the  horizon,  and  turn  it  to 
the  place  of  the  fun  or  liar  fo  fhall  the  degrees  of  the 
quadrant,  intercepted  between  tlie  horizon  and  the 
fun  or  liar,  be  the  altitude  fought.. 

XXV.  Given  the  altitude  oj  the  fun  by  day,  or  of  a far 

by  night,  to  fnd  the  hour  of  the  day  or  night. Redlify 

the  Globe  as  in  the  foregoing  problem  ; and  turn  the 
Globe  and  quadrant,  till  fucli  time  as  the  liar  or  de- 
gree of  the  ecliptic  the  lun  is  in,  cut  the  quadrant  in  the 
given  degree  of  altitude  ; their  wall  the  index  point  at 
the  hour  required. 

XXVI.  Given  the  a%imiiih  of  the  fun  or  afar,  to  fuT 

the  time  of  the  day  or  night. Rectify  the  Globe,  and 

bring  the  quadrant  to  the  given  azimuth  in  the  hori- 
zon ; then  turn  the  Globe  till  the  fun  or  flar  come  to 
the  quadrant,  and  the  index  will  then  fliew  the  time  of 
the  day  or  night. 

GLOBULAR,  relating  to,  or  partaking  the  pro- 
perty or  lhape  of,  the  Globe.  As  Globular  chart,, 
Globular  projedlion,  or  Globular  failing,  &c.. 

Globular  Chart,  is  a reprefentation  of  the  furface„ 

or 
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or  part  of  the  furface,  of  the  terraqueous  Globe  upon 
a plane  ; in  wliich  the  parallels  of  latitude  are  circles 
nearly  concentric  ; and  the  meridians  are  curves  bend- 
ing towards  the  poles  ; the  rhumb-lines  being  curves 
alfo. 

.The  merits  of  this  chart  confift  in  thefe  particulars, 
viz,  that  the  dillances  between  places  on  the  lame  rhumb 
are  all  meafiired  by  the  fame  fcale  of  equal  parts  ; and 
the  diftance  of  any  two  places  in  the  arch  of  a great  cir- 
cle, is  nearly  reprefented  in  this  chart  by  a llraight  line. 

Land  maps  alfo  made  accoiding  to  this  projection 
would  have  great  advantages  over  thofe  made  in  any 
other  way.  But  for  fea  charts  for  the  ufe  of  naviga- 
tion, Mercator’s  are  preferable,  as  both  the  meridians 
and  parallels,  as  alfo  the  rhumbs,  are  all  ftraight 
lines. 

This  projection  is  not  new,  though  not  much  no- 
ticed till  of  late.  It  is  mentioned  by  Ftolomy,  in  his 
Geography  ; and  alfo  by  Blimdeville,  in  his  Exercifes. 

For  Globular  projection  of  maps  or  charts,  fee  Map. 

Globular  SmTing^  is  the  method  of  refolving  the 
cafes  of  failing  upon  principles  deduced  from  the 
fpherical  figure  of  the  earth.  Such  as  Mercator’s  fail- 
ing, or  Great-circle  failing  ; which  fee. 

GLOSSOCOMON,  in  Mechanics,  is  a name  given 
by  Heron  to  a machine  cornpofed  of  divers  dented 
wdieels  with  pinions,  ferviiig  to  raife  huge  weights. 

GNOMON,  in  Altronomy,  is  an  inftrument  or  ap- 
paratus for  meafuring  the  altitudes,  declinations,  2<:c,  of 
the  fun  and  ftars.  The  Gnomon  is  ufually  a pillar,  or 
column,  or  pyramid,  ereCted  upon  level  ground,  or  a 
pavement.  For  making  the  more  confiderable  obferva- 
tions,  both  the  ancients  and  moderns  have  made  great 
ufe  of  it,  efpecially  the  former ; and  many  have  pre^ 
ferred  it  to  the  fmaller  quadrants,  both  as  more  accu- 
rate, ealier  made,  and  more  ealily  applied. 

The  moft  ancient  obfervation  of  this  kind  extant,  is  that 
made  by  Pytheas,  in  the  time  of  Alexander  the  Great, 
at  Marleilles,  where  he  found  the  height  of  the  Gno- 
mon was  in  proportion  to  the  meridian  fnadow  at  the 
fummer  follbice,  as  213d  to  600  ; juft  the  fame  as  Gaf- 
fendi  found  it^to  be,  by  an  obfervation  made  at  the 
fame  place,  almoft  2000  years  after,  viz,  in  the  year 
1636.  Ricciol.  Almag.  voL  i,  lib.  3,  cap.  14. 

Ulugh  Beigh,  king  of  Parthia,  &c,  ufed  a Gnomon 
in  the  year  1437,  which  was  180  Roman  feet  high. 
That  erefted  by  Ignatius  Dante,  in  the  church  of  St. 
Petronius,  at  Bologna,  in  the  year  I5'76,  was  67  feet 
hiffh.  M.  Caflini  ereRed  another  of  20  feet  hig-h,  in 
the  fame  church,  in  the  year  1655. 

The  Egyptian  obelilles  were  alio  ufed  as  Gnomons  ; 
and  it  is  thought  by  fome  modern  travellers  that  this 
\vas  the  very  ufe  they  were  defigned  and  built  for  ; it 
has  alfo  been  found  that  their  four  Tides  ftand  exaCtly 
facing  the  four  cardinal  points  of  the  compafs.  It  may 
be  added,  that  the  Spaniards  in  their  conquelt  of  Peru, 
found  pillars  of  curious  and  coftly  workmanfhip,  let  up 
in  feveral  places,  by  the  meridian  ftiadows  of  Avhich 
their  am.atas  or  philofopliers  had,  by  long  experience 
and  repeated  obfervations, learned  to  determine  the  times 
of  the  equinoxes  ; which  feafons  of  the  year  were  cele- 
brated with  great  feftivity  and  rich  offerings,  in  honour 
of  the  fun.  Garcillaflb  de  la  Vega,  Hill.  Peru.  lib.  2, 
cap.  22. 


Use  of  ihe  Gnomon,  in  taking  the  meridian  aliitude  of 
the  Sun,  and  thence  finding  the  Latiinde  of  the  place, — — 
A meridian  line  being  drawn  through  the  centre  of  the 
Gnomon,  note  the  point  where  the  flradow  of  the 
Gnomon  terminates  when  projedled  along  the  meridian 
line,  and  meafurei  the  diftance  of  that  extreme  point 
from  the  centre  of  the  Gnomon,  which  will  be  the 
length  of  its  fhadow.  Then  having  the  height  of  the 
Gnomon,  and  the  length  of  the  fhadow,  the  fun’s  alti- 
tude is  thence  eaftly  found. 
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Suppofe,  ex.  gr.  AB  the  Gnomon,  and  AC 
the  length  of  the  fhadow.  Here  in  the  light-anglcd 
triangle  ABC,  are  given  the  bafe  AC,  and  the 
perpendicular  AB,  to  find  the  angle  C,  or  the  fun’s 
altitude,  which  will  be  found  by  this  analogy,  as 
CA  : AB  : : radius  : the  tang,  of  Z.  C,  that  is,  as  the 
length  of  the  fliadow  is  to  the  height  of  the  Gnomon, 
fo  is  radius  to  the  tangent  of  the  fun’s  altitude  above  the 
horizon. 

The  following  example  will  ferve  to  illuftrate  this 
propofition  : Pliny  fays,  Nat.  Hift.  lib.  2,  cap.  72, 
that  at  Rome,  at  the  time  of  the^equinoxes,  the  flia- 
dow  is  to  the  Gnomon  as  8 to  9 ; therefore  as 

8:9::  I or  radius  : — 1*125  a tangent,  to  which 

8 

anfwers  the  angle  48°  22',  which  is  the  height  of  the 
equator  at  Rome,  and  its  complement  41°  38  is 
therefore  the  height  of  the  pole,  or  the  latitude  of  the 
place. 

Riccioli  remarks  the  followu'ng  defedts  in  the  obferva- 
tions  of  the  fun’s  height,  made  with  the  Gnomon  by 
the  ancients,  and  fome  of  the  moderns  : viz,  that  they 
negledted  the  fun’s  parallax,  which  makes  his  apparent 
altitude  lefs,  by  the  quantity  of  the  parallax,  than  it 
would  be,  if  the  Gnom.on  M^ere  placed  at  the  centre  of 
the  earth  : 2d,  they  negledted  alfo  the  refraction,  by 
which  the  apparent  height  of  the  fun  is  a little  increaf- 
ed:  and  3dly,  they  made  the  calculations  from  the 
length  of  the  fliadow,  as  if  it  were  terminated  by  a 
ray  coming  from  the  centre  of  the  Inn’s  difc,  whereas 
the  fliadow  is  really  terminated  by  a ray  coming  from 
the  upper  edge  of  the  fun’s  difc  ; fo  that,  inftcad  oi 
the  height  of  the  fun’s,  centre,  their  calculations  gave 
the  height  of  the  upper  edge  of  his  diic.  And  there- 
fore, to  the  altitude  of  the  fun  found  by  the  Gnomon, 
the  fun’s  parallax  muft  be  added,  and  from  the  iam 
muft  be  fubtraCled  the  fun’s  femidiameter,  and  refrac- 
tion, which  is  'different  at  different  altitudes  ; which 
being  done,  the  correCl  height  of  the  equator  at  Rome 
will  be  48°  4^  13'''’,  the  complement  of  which,  or 

41°  55'  46%  is  the  latitude.  Ricciol.  Geogr. 
Refor.  lib.  7,  cap.  4. 

The 


G N O 


G O N 


[ 543  ] 


The  preceding  problem  may  be  rcfolved  more  accu- 
rately by  means  of  a ray  of  light  let  in  through  a fmall 
hole,  than  by  a fhadow,  thus  : Make  a circular  perfo- 
ration in  a brafs  plate,  to  tranfmit  enough  of  the  fun’s 
rays  to  exhibit  his  image  on  the  floor,  or  a llage  ; fix 
the  plate  parallel  to  the  horizon  in  a high  place,  pro- 
per for  obfervation,  the  height  of  which  above  the  floor 
let  be  accurately  meafured  with  a plummet.  Let  the 
floor,  or  ftage,  be  perfectly  plane  and  horizontal,  and 
coloured  over  with  fome  white  fubftance,  to  fhew  the 
fun  more  diftinctly.  Upon  this  horizontal  plane  draw 
a meridian  line  pafling  through  the  foot  or  centre  of  the 
Gnomon,  i.  e.  the  point  upon  w’^hich  the  plummet  falls 
from  the  centre  of  the  hole  ; and  upon  this  line  note  the 
extreme  points  I and  K of  the  fun’s  image  or  diameter, 
and  from  each  end  fubtradt  the  imaofe  of  half  the  dia- 
meter  of  the  aperture,  viz  KH  and  LI  : then  will  HL 
be  the  image  of  the  fun’s  diameter,  which,  when  bifedl:- 
ed  in  3,  gives  the  point  on  which  the  rays  fall  from 
the  centre  of  the  fun. 


Now  having  given  the  line  AB,  and  the  altitude  of 
the  Gnomon  AG,  befide  the  right  angle  A,  the  angle 
B,  or  the  apparent  altitude  of  the  fun’s  centre,  is  eafily 
found,  thus  ; as  AB  : AG  : : radius  : tang,  an- 

Gnomon,  in  Dialling,  is  the  fliyle,  pin,  or  cock  of 
a dial,  the  ihadow  of  which  points  out  the  hours.  This 
is  always  fuppofed  to  reprefent  the  axis  of  the  wmrld, 
to  w'hich  it  is  therefore  parallel,  or  coincident,  the  two 
ends  of  it  pointing  ftraight  to  the  north  and  fouth  poles 
of  the  world. 
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Gnomon,  in  Geometry,  is  a figure  formed  of  the 
two  complements,  in  a parallelogram,  together  with 
cither  of  the  parallelograms  about 
the  diameter.  Thus  the  parallelo- 
gram AC  being  divided  into  four 
jiarallelograms  by  the  two  lines 
DG,  EF  parallel  to  the  fides, 
forming  the  two  complements  AB 
and  BC,  w’ith  the  two  DE,  FG 
about  the  diameter  HI  : then  the  two  Gnomons 
are  AB  4*  BC  -f*  DE, 
and  AB  -h  EC  + FG. 

Gnomonic  Proje^ion  of  the  Sphere,  is  the  reprefenta- 
tlon  of  the  circles  of  an  hemifphere  upon  a plane  touch- 
ing it  in  the  vertex,  by  the  eye  in  the  centre,  or  by 
lines  or  rays  iffuing  from  the  centre  of  the  hemilphere, 
to  all  the  points  in  the  fiirface. 

In  this  projeflion  of  the  fplierc,  all  the  great  circles 
are  projected  into  right  lines,  on  the  plane,  of  an  indefi- 
‘ nitc  length  ; and  all  Icfler  circles  that  are  parallel  to 
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the  plane,  into  circles  ; but  if  oblique  to  the  plane,  then 
are  they  projedled  either  into  ellipfes  or  hyperbolas,  ac- 
cording to  their  different  obliquity.  It  has  its  name 
from  Gnomonics,  or  Dialling,  becaufe  the  lines  on  the 
face  of  every  dial  are  from  a projedtion  of  this  fort : for 
if  the  fphere  be  proje6led  on  any  plane,  and  upon  that 
fide  of  it  on  which  the  fun  is  to  Ihine  ; alfo  the  pro- 
jedted  pole  be  made  the  centre  of  the  dial,  and  the  axis 
of  the  globe  the  ffyle  or  Gnomon,  and  the  radius  of 
projedlion  its  height ; you  wall  have  a dial  drawn  wdth 
all  its  furniture.  See  Emerfon’s  Projedlion  of  the 
Sphere. 

GNOMONICS,  the  fame  as  Dialling  ; or  the  art 
of  drawing  fun  and  moon  dials,  on  any  given  plane  ; 
being  fo  called,  becaufe  it  fhews  how  to  find  the  hour 
of  the  day  or  night  by  the  fhadow  of  a Gnomon  or 
ffyle. 

GOLDEN  Number,  is  the  particular  year  of  the  Me- 
tonic  or  Lunar  Cycle.  See  Cycle. 

To  fnd  the  Golden  Number'’  1 79 1 

Add  I to  the  given  year,  and  j 

divide  the  fum  by  19,  and  what  ' — 

remmins  will  be  the  Golden  Num-  ^9  79-2  ^9+ 

ber  ; unleis  o remain,  for  then  

19  is  the  Golden  Number.  ^2 

Thus,  the  Golden  Number  for 
the  year  1791,  is  6 ; as  by  the  Golden  No.  6 
operation  in  the  margin.  ' 

Golden  Ride,  a rule  fo  called  on  account  of  its  ex- 
cellent Life,  in  arithmetic,  and  efpecially  in  ordinary  cal- 
culations, by  which.numbers  are  found  in  certain  propor- 
tions, viz,  having  three  numbers  given,  to  find  a qtli 
number,  that  fhall  have  the  fame  proportion  to  the  3d  as 
the  2d  hath  to  the  iff.  On  this  account,  it  is  otherwife 
called  'The  Rule  of  Three,  and  The  Rule  of  Proportien. 
See  Rule  of  Three, 

Having  ffated,  or  fet  down  in  a line,  the  three  terms, 
in  the  order  in  which  they  are  proportional,  multiply 
the  2d  and  3d  together,  and  divide  the  prcdufl  by  the 
iff,  fo  fhall  the  quotient  be  the  anfwer,  or  the  4th. 
term  fought. 

Thus,  if  3 yards  of  cloth  coff  a guinea  or  21  flill- 
lings,  what  w'ill  20  yards  coff.  Here  the  tw'o  prices 
or  values  muff  bear  the  fame  proportion  to  each  other 
as  the  two  quantities,  or  number  of  yards  of  cloth,  i.  e. 
3 muff  bear  the  lame  proportion  to  20,  as  2i.r,  the 
value  of  the  former,  muff  bear  to  the  value  of  the  lat- 
ter; and  therefore  the  ffat- 
ing  and  operation  of  the 
numbers  w'ill  be  thus. 

Then  multiplying  the 
2d  and  3d  together,  and 
dividing  the  produci  by 
the  lit,  it  glvCvS  14O0.  or 
7/.  for  the  anfwer,  being 
the  coff  of  20  yards. 

GONIOMETRICAL  Lines,  are  lines  ufed  for 
meafuring  or  determining  the  quantity  of  angles  : Inch 
as  lines,  tangents,  fecants,  verfed  fines,  drc. 

Mr.  Jones,  in  the  Philof.  Tranf.  number  483,  fedt. 
26,  gave  a paper,  containing  a commodious  difpofition 
of  equations  for  exhibiting  the  relations  of  Goniome- 
trical  Lines  j from  wdiich  a multitude  of  cuiious  theo. 
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rn'sis  may  be  derived.  See  alfo  Robertfon’s  Elem.  of 
Navigation,  vol.  i,  p i8i,  Edit.  4. 

GONIOMbTRY,  a method  of  meafuring  angles, 
fo  ealled  by  M.  de  I^agny,  wlio  gave  fcveral  papers,  on 
this  method,  in  the  Memoirs  of  tlie  Royal  Acad.  an. 
1724,  1725,  1729.  M.  de  Lagny’s  method  of  Gonio- 
metry  coniuls  in  meafuring  the  angles  with  a pair  of 
compafles,  and  that  without  any  fcale  whatever,  except 
'd'A  undivided  femicircle.  Tims,  having  any  angle 
drawn  upon  paper,  to  be  meafnred  ; produce  one  of  tiie 
iides  of  the  angle  backwards  behind  the  angular  point  ; 
then  with  a pair  of  line  compaffes  deferibe  a pretty 
large  femicircle  from  the  angular  point  as  a centre,  ciit- 
ling  the  hdes  of  the  propofed  angle,  which  wall  inter- 
cept apart  of  the  femicircle.  Take  then  this  intercepted 
part  very  exactly  between  the  points  of  the  compaffes, 
and  turn  them  fucceiFively  over  upon  the  arc  of  the  fe- 
micircle, to  find  how^  often  it  is  contained  in  it,  after 
ivhich  there  is  commonly  fome  remainder  : then  take 
this  remainder  in  the  compaffes,  and  in  like  manner 
lind  how  often  it  is  contained  in  the  iall  of  the  integral 
parts  of  the  ifl  arc,  with  again  fome  remainder  : find 
in  like  manner  how  often  this  lall  remainder  is  contained 
in  the  former;  and  fo  on  continually,  till  the  remainder 
become  too  fmall  to  be  taken  and  applied  as  a meafure. 
Tythis  means  he  obtains  a feries  of  quotients,  or  fradlion- 
al  parts,  one  of  another,  wliich  being  properly  reduced 
into  one  fradfion,  give  the  ratio  of  the  firil  arc  to  the 
lemicircle,  or  of  the  propofed  angle  to  two  right  an- 
gles, or  1 80  degrees,  and  confequently  that  angle  it- 
lelf  in  degrees  and  minutes. 


Thus,  fiippofe  the  angle  BAG  be  propofed  to  be 
meafured.  Produce  BA  out  tow'ards  f ; and  from  the 
centre  A deferibe  the  femicircle  uA/l' in  wEicli  ah  is  the 
meafure  of  the  propofed  angle.  Take  ah  m the  com- 
paffes, and  apply  it  4 times  on  the  femicircle,  as  at 
bj  c,  dy  and  e ; then  take  the  remainder  Je,  and  apply  it 
back  upon  ed,  wdiich  is  but  once,  viz  at  ^ again  take 
the  remainder  and  apply  it  5 times  on  as  at 
/>,  i,  /y  /,  andw  ; laftly,  take  the  remainder  ???<?,  and 
it  is  contained  juit  2 times  in  7;//.  Hence  the  feries  of 
quotients  is  4,  i,  5,  2 ; confequently  the  4th  or  laff 
arc  m is  i the  third  ml  or  gd^  and  therefore  the  3d 

arc  gd  is  — q-  or  of  the  2d  arc  ef ; and  theiefore 
5 2 

again  this  2d  arc  ef  is  -4r*  * j of  the  iff  arc  ab  ; and 

^ TT 

confequently  this  i ft  arc  ah  is  j-  or  H-  of  the  wdiole 

4ti 

femicircle  q/l  But  of  180°  are  37  * degrees,  or  37° 
34^ which  therefore  h the  meafure  of  the  angle 
fought.  When  the  operation  is  nicely  performed,  this  an- 
gle may  be  wuthin  2 or  3 minutes  of  the  truth  ; though 
M.  deLagny  pretends  to  meafure  muchmearer  than  that. 


It  may  be  added,  that  tlie  feries  of  fradlions  forms 
what  is  called  a continued  fraftion.  Thus,  in  the  ex- 
ample above,  the  continued  fraction,  and  its  reduction, 
will  be  as  follow^ : 

I _ I _ ^ M 

ff  + -7-  , I ~ 4 4-  — "”443  63  ’ 

I T “l  U f 

p z 

the  quotients  being  the  fucceffive  denominators,  and  i 
ahvays  for  each  numerator. 

GORGE,  or  Nechf  in  Arebitedture,  is  the  nar- 
row’eft  part  of  the  Tufean  or  Doric  capitals,  lying 
above  the  fliaft  of  the  pillar,  betw^een  the  allragal  and 
the  annulets. 

It  is  alfo  a kind  of  concave  moulding,  ferving  for 
compartments  &c,  larger  than  a fcotia,  but  not  fo  deep. 

Gorge,  in  Fortification,  is  the  entrance  into  a baf- 
tion,  or  a ravelin,  or  other  out-w’ork. 

The  Gorge  of  a Bajlion^  is  what  remains  of  the  Tides 
of  the  polygon  of  a place,  after  cutting  off  the  curtains ; 
in  which  cafe  it  makes  an  angle  in  the  centre  of  the  haf- 
tion,  viz,  the  angle  made  by  tw'o  adjacent  curtains 
produced  to  meet  wdthin  the  baftion. 

In  flat  baftions,  the  Gorge  is  a right  line  on  the  cur- 
tain, reaching  betw^een  the  twm  flanks. 

Gorge  of  a Halfmooj-iy  or  of  a RaveUn)  is  the  fpace 
betw^een  the  two  ends  of  their  faces  next  the  place. 

Gorge  of  the  other  oiit-works,  is  the  interval  be- 
tween their  Tides  next  the  great  ditch. 

All  the  Gorges  are*  to  be  made  wuthout  parapets : 
otberwuTe  the  bcfiegers,  having  taken  poffeflion  of  a w'ork, 
might  make  ufe  of  them  to  defend  themfelves  from  the 
fliot  of  the  place.  So  that  they  are  only  fortified  with 
pallifadoes,  to  prevent  a furpri-Ze. 

The  Z)^’77?i-GoRGF,  or  Half  the  Gorge,  is  that 
part  of  the  polygon  between  the  flank  and  the  centre 
of  the  baftion. 

GOTHIC  ArchiteBurey  is  that  wEich  deviates  from 
the  manner,  charadter,  proportions,  &c,  of  the  antique; 
having  its  ornaments  w'ild  and  chimerical,  and  its  pro- 
files incorredl.  This  manner  of  building  came  origi- 
nally from  the  North,  wEence  it  was  brought,  in  the  5th 
century,  by  the  Goths  into  Germany,  and  has  fince  been 
introducedinto other  countries.  The  firft  or  moft  ancient 
ftyle  of  Gothic  building  was  very  folid,  heavy,  maflive  and 
fimple,  wuth  femicircuiar  arches,  &c  : but  the  more  mo- 
dern ftyle  of  the  Gothic  is  exceedingly  rich,  light,  and 
delicate  ; having  an  abundance  of  little  wEimfical  orna- 
ments, wuth  flrarp-pointed  arches  formed  by  the  inter- 
fedlions  of  different  circular  fegments;  alfo  lofty  and 
light  fpires  and  fteeples,  large  ramified  window's,  cluf- 
tered  pillars,  &c.  Of  this  kind  are  our  Englifli  cathe- 
drals, and  manv  other  old  buildings. 

GRADUATION,  is  ufedforthe  aA  of  Graduating, 
or  dividing  any  thing  into  degrees. 

For  an  account  of  the  various  methods  of  Graduating 
mathematical  and  aftronomical  inftruments,  by  ftraight 
and  circular  diagonals,  and  by  concentric  arcs,  &:c;  lee 
Plain  Scale,  Nonius ^ and  Vernier,  And  for  an  ac- 
count of  Mr.  Bird’s  improved  method  of  dividing 
aftronomical  inftruments,  fee  Mural  Arch. 

Mr.  Ramfden,  an  ingenious  mathematical  inftrument- 
maker  of  London,  has  lately  publiflied,  by  encourage- 
ment of  the  commiffioners  of  longitude,  an  explanation 

and 
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defcnption  of  an  engine  contrived  by  him  for 
dividing  mathematical  inftruments,  accompanied  with 
proper  drawings  ; in  coniideration  of  which,  the  faid 
commiflioners  have  granted  to  him  the  fum  of  615/. 
See  his  book,  pto,  1777* 

On  the  fubje6l;  of  dividing  a foot  into  many  thou- 
fand  parts,  for  m.athematical  purpofes,  fee  Philof. 
Tranf.  vol.  2,  p.  457,  459,  54i>  or  Abr.  vol.  i,  pa. 
218,  220,  &c.  And  for  an  account  of  various  other 
methods  and  Graduations,  fee  a paper  of  Mr.  Smeaton’s 
in  the  Philof.  Tranf.  vol.  76,  for  the  year  1786,  p.  i ; 
being  “ Obfervations  on  the  Graduation  of  allronomi- 
cal  inftruments  ; with  an  explanation  of  the  method  in- 
vented by  the  late  Mr.  Henry  Hindley,  of  York,  clock- 
maker,  to  divide  circles  into  any  given  number  of 
parts.” 

GRAHAM  (George),  clock  and  watch  maker, 
the  mioil  ingenious  and  accurate  artift  in  his  time,  was 
born  at  Gratwick,  a village  in  the  north  of  Cumber- 
land, in  1675.  1688  he  came  up  to  I^ondon,  and 

was  put  apprentice  to  a perfon  in  that  profelfion  ; but 
after  being  fome  time  with  his  mailer,  he  was  received, 
purely  on  account  of  his  merit,  into  the  family  of  the 
celebrated  Mr.Tompion,  who  treated  him  with  a kind 
of  parental  affeclion  as  long  as  he  lived.  That  Mr. 
Graham  was,  without  competition,  the  moil  eminent 
of  his  profefiion,  is  but  a fmall  part  of  his  character  : 
he  was  the  bell  general  mechanic  of  his  time,  and  had  a 
complete  knowledge  of  practical  aftronomy  ; fo  that 
he  not  only  gave  to  various  movements  for  meafuring 
time  a degree  of  perfebtion  wdiich  had  never  before  been 
attained,  but  invented  feveral  aftronomical  Inftruments, 
by  wdiich  confiderable  advances  have  been  made  in  that 
fcience  : he  made  great  improvements  in  thofe  wdiieh 
had  before  been  in  ufe  ; and,  by  a wonderful  manual 
dexterity,  conilructed  them  with  greater  precifion  and 
accuracy  than  any  other  perfon  in  the  wmrld. 

A great  mural  arch  in  the  obfervatory  at  Greenwich 
was  made  for  Dr.  Halley,  under  Mr.  Graham’s  im- 
mediate InfpeClion,  and  divided  by  his  own  hand  : and 
from  this  ihcomparable  original,  the  beft  foreign  inftru- 
ments of  the  kind  are  copies  made  by  Englilh  artlfts. 
The  feftor  bv  w hicli  Dr.  Bradley  firft  diicovered  two 
new  motions  in  the  fixed  ftars,  was  of  his  invention  and 
fabric.  He  comprlfed  the  whole  planetary  iyftem 
w ithin  the  cornpafs  of  a fmall  cabinet  ; from  which,  as  a 
model,  all  the  modern  orreries  have  been  conftruclcd. 
And  when  the  Fiench  Academicians  were  fent  to  the 
north,  to  make  obfervations  for  afcertainlng  the  figure 
of  the  earth,  Mr.  Graham  was  thought  tlie  fitteil  per- 
fon in  Europe  to  fupply  them  with  Inftruments  ; by 
wiiich  means  they  finillied  their  operations  in  one  year  ; 
w hile  thofe  who  went  to  the  fouth,  not  being  lo  w ell 
furniflied,  were  very  much  embarrafied  and  retarded  in 
their  operations. 

Mr.  Graham  was  many  years  a member  of  the  Royal 
Society,  to  which  he  communicated  feveral  ingenious 
and  important  dilcoverles,  viz,  from  tlie  31ft  to  the 
42d  volume  of  the  Philof.  Tranfadiions,  chiefly  on 
aftronomical  and  plillolophical  fubjedts  ; particularly  a 
kind  of  horary  alteration  of  the  magnetic  needle  ; a 
qulckfilver  pendulum,  and  many  curious  particulars  re- 
Lating  to  the  true  length  of  the  funple  pendulum,  upon 
Vol.  1. 


which  he  continued  to  make  expermients  till  almoft  the 
year  of  his  death,  which  happened  in  1751,  at  76  years 
of  age. 

His  temper  was  not  lefs  communicative  than  his  ge- 
nius w'as  penetrating  ; and  his  principal  view  was  the 
advancement  of  fcience,  and  the  benefit  of  mankind. 
As  he  v.'as  perfedlly  fincere,  he  was  above  fufpicion  ; 
and  as  he  was  above  envy,  he  wus  candid. 

GRANADO,  in  Artillery,  is  a little  fhell  or  hollow 
globe  of  iron,  or  other  matter,  which,  being  filled  wn'rh 
powder,  is  fired  by  means  of  a fmall  fufee,  and  thrown 
either  by  the  hand,  or  a piece  of  ordnance.  As  foon  as 
it  is  kindled,  the  cafe  flics  in  pieces,  to  the  great  danger 
of  all  that  ftand  near  it.  (Aanadoes  ferve  to  fet  fire  to 
clofe  and  narrow  paflages,  and  are  often  thrown  with  the 
hand  among  the  ioldiers,  to  diforder  their  ranks;  more 
efpecially  In  thofe  polls  where  they  ftand  thickeft,  as  in 
trenches,  redoubts,  lodgments,  6<c. 

GRAVE8ANl)b  (^VILL^AM  James),  a very  ce- 
lebrated Dutch  mathematician  and  philofopher,  was 
born  at  Bols-le-duc,  Sept.  27,  1688.  He  lludicd  the  civil 
law  at  Iw^yden,  but  mathematical  learning  was  his  fa- 
vourite amufement.  When  he  had  taken  his  doeftor’b 
degree,  in  1707,  he  went  and  fettled  at  the  Hague, 
where  he  praftifed  at  the  bar,  and  cultivated  an  ac- 
quaintance with  learned  men  ; with  a Society  of  whor»' 
he  publlflied  a periodical  Review,  entitled  Le  Jourtia^ 
Litteiaircj  which  was  continued  without  interruption 
from  the  year  1713  to  the  year  1722.  The  parts  of 
it  written  or  extradfed  by  Gravefaiide  were  chiefly 
thofe  relating  to  geometry  and  phyfics.  But  he  en 
riched  it  alfo  with  feveral  original  pieces  entirely  of  hi^ 
own  compofition  ; viz.  Remarks  on  the  Conltrudb'on  of 
Pneumatical  Engines;  A Moml  Effay  on  Lvin^r 
And  a celebrated  Eflay  on  the  Collifion  of  Bodies  ; 
which,  as  it  oppofed  the  Newtonian  philofopay,  was 
attacked  by  Dr.  Clarke,  and  many  other  learned 
men. 

In  1715,  when  the  States  fent  to  congratulate* 
George  the  ill,  on  his  accellioii  to  the  throne,  Dr. 
Gravefande  was  appointed  fecretary  to  the  embaflv. 
During  his  flay  in  England  he  was  admitted  a inemJjcr 
of  the  Royal  Society,  and  became  intimately  acquainted 
with  Sir  Ifaac  Newton.  On  his  return  to  Holland,  he 
was  chofen  profcflbr  of  mathematics  and  aftronomy  at 
I.eyden  ; where  lie  had  the  honour  of  firft  teaching  the 
Newtonian  philofophy,  which  was  then  in  its  infancy. 
He  died  in  1742,  at  54  years  of  age. 

Gravelande  was  a man  amiable  in  his  private  charac- 
ter, and  refpcdfable  in  liis  public  one  ; for  few  men  of 
letters  have  rendered  more  eminent  fervices  to  their 
country.  Tlie  minifters  of  the  republic  confult  ed  hi'it 
on  all  occalions  when  liis  talents  were  requiiite  to  aflift 
them,  which  his  fltill  in  calculation  often  enabled  him 
to  do  in  money  matters.  He  was  of  great  fervice  as  a 
decypherer,  in  detcefting  the  fe\:ret  correfpondence  of 
their  enemies.  And  in  his  own  profelfion  none  evttP- 
applied  the  powers  of  nature  with  more  fuccefs,  or  to 
more  ufeful  purpofes. 

Of  his  publication's,  the  principal  aiT, 

I.  All  Introduftion  to  the  Newtonian  Philofopliy  ; 
or,  a 'Preatife  on  tlie  Elements  of  Phyfics,  confirmed 
by  Experiments.  This  performance,  being  only  a more 
ft  l-'erfcA 
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perfecf^  copy  of  liis  public  ledlures,  was  firft  printed  in 
1720;  and  hath  iince  gone  through  many  editions,  with 
conliderable  improvements  : the  6tli  edit,  is  in  Englifh, 
in  2 large  vols.  410,  by  .Dr.  Defaguliers,  in  1 747,  under 
the  title  of  hlathematical  Elements  of  Natural  Philofo- 
phy,  confirmed  by  Experiments. 

2.  A treatife  on  the  Elements  of  Algebra,  for  the 
ufe  of  Young  Students  ; to  which  is  added  a Specimen 
of  a Commentary  on  Newton’s  Univerfal  Arithmetic  ; 
as  alfo,  A Nev/  Rule  for  determining  the  Form  of  an 
Afi'iimcd  Infinite  Series. 

3.  An  Effay  on  Perfpedlive.  This  was  written  at 
19  years  of  age. 

4.  A New  Theory  of  the  Collihon  of  Bodies. 

5.  A Courfe  of  Logic  and  Metaphyfics. 

With  feveral  fmaller  pieces. 

Flis  whole  mathematical  and  philofophical  works, 
except  the  firft  article  above,  were  colledled  and  pub- 
lifiied  at  Amfterdam,  in  2 vols,  410,  to  which  is  prefix- 
ed a critical  account  of  his  life  and  writings,  by  Pro- 
feffor  xTllamand- 

GRAVITATION,  the  exercife  of  gravity,  or  the 
preft'ure  a body  exerts  on  another  body  beneath  it  by 
the  power  of  gravity. 

This  is  fometiraes  diftinguifhed  from  gravity.  Thus 
M.  Maupertuis,  in  his  Figure  de  la  Ferre^  takes  gravity 
for  that  force  by  wFich  a body  would  fall  to  the  earth 
fuppofed  at  reft  ; and  Gravitation  for  the  fame,  but  di- 
minifiied  by  the  centrifugal  force.  It  is  only  Gravita- 
tion, or  gravity  thus  blended  with  the  centrifugal  force, 
that  we  can  ufually  meafure  by  our  experiments.  Me- 
thods however  have  been  found  to  dillinguifh  what  re- 
mains of  the  primitive  gravity,  and  what  has  been  de- 
ftroyed  by  the  centiifugal  force. 

It  is  one  of  the  laws  of  nature,  difeovered  by  New- 
ton, and  now  received  by  all  philofophers,  that  every 
particle  of  matter  in  nature  gravitates  towards  every 
-^other  particle  ; which  law  is  the  main  principle  in  the 
Newtonian  philofophy.  But  what  is  called  Gravitation 
with  refpeft  to  the  gravitating  body,  is  ufually  called 
attraction  wu'th  refpedl  to  the  body  gravitated  to.  The 
planets,  both  primary  and  fecondary,  as  alfo  the  comets, 
do  all  gravitate  towards  the  fun,  and  towards  each 
other  ; as  w^eli  as  the  fun  towards  them  ; and  that  in 
proportion  to  the  quantity  of  matter  in  each  of  them. 

The  Peripatetics  See  hold,  that  bodies  only  gravitate 
or  weigh  when  out  of  their  natural  places,  and  that 
Gi'avitation  ceafes  when  they  are  reftored  to  the  fame, 
Ehe  pnrpoie  of  nature  being  then  fulfilled:  and  they 
maintain  that  the  final  caufe  of  this  faculty  is  only  to 
bring  ekrnentai’y  bodies  to  their  proper  place,  wdiere 
they  may  reft.  But  the  moderns  fhew  that  bodies  exercife 
gravity  even  when  at  reft.,  and  in  their  proper  places. 
This  is  particularly  flievvn  of  fluids  ; and  it  is  one  of  the 
laws  of  hydroftatics,  demonftrated  by  Boyle  and  others, 
that  fluids  gravitate  in  proprio  loco,  the  upper  parts 
preffing  on  the  lower,  &c. 

For  the  laws  of  Gravitation  of  bodies  in  fluids  fpe- 
cifically  lighter  or  heavier  than  themfelves,  fee  Speci- 
fic Gravity.  Alfo  for  the  centre  or  line  or  plane  of 
Gravitation,  fee  Centre,  Line,  or  Plane. 

GRAVITY^,  in  Phyfics,  the  natural  tendency  or 
Inclination  of  bodies  towards  the  centre.  And  in  this 
fenfe  Gravity  agrees  with  Centripetal  force, 
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Gravity  however  is,  by  fome,  defined  mote  gencfally 
as  the  natural  tendency  of  one  body  towards  another  \ 
and  again  by  others  ttili  more  generally  as  the  mutual 
tendency  of  each  body,  and  each  particle  of  a body,  to- 
w^ards  all  others  : in  which  fenfe  the  word  anfwers  to 
wdiat  is  more  ufually  called  Attradtion.  Indeed  the 
terms  Gravity,  weight,  centripetal  force,  and  attrac- 
tion, denote  in  effeff  all  the  fame  thing,  only  in  dif- 
ferent views  and  relations  ; all  which  however  it  is  very 
common  to  confound,  and  ufe  promifeuoufly.  But,  ia 
propriety,  when  a body  is  confidered  as  tending  t6- 
w^ards  the  earth,  the  force  with  which  it  fo  tends  is. 
called  Gravity,  Force  of  Gravity,  or  Gravitating 
Force  ; when  the  body  is  confidered  as  immediately 
tending  to  the  centre  of  the  earth,  it  is  called  Centripetal 
Force  ; but  when  wc  confider  the  earth,  or  mafs  to 
which  the  body  tends,  it  is  called  Attradlion,  or  Attrac- 
tive Force  ; and  when  it  is  confidered  in  refpeft  of  aa 
obftacle  or  another  body  in  the  way  of  its  tendency, 
upon  which  it  adfs,  it  is  called  Weight. 

Philofophers  think  differently  on  the  fubje6I  of  Gra- 
vity. Some  confider  it  as  an  inadlive  property  or  innate 
power  in  bodies,  by  vAich  they  endeavour  to  join  their 
centre.  Others  hold  Gravity  in  this  fenfe  to  be  an 
occult  quality,  and  to  be  exploded  as  fuch  out  of  ail 
found  philofophy.  Newton,  though  he  often  calls  it  a 
vis,  power,  or  property  in  bodies,  yet  explains  himfelf, 
that  he  means  nothing  more  by  the  word  but  the  effei^ 
or  phenomenon  ; he  does  not  <;qnfider  the  principle,  the 
caufe  by  which  bodies  tend  downwards,  but  the  ten- 
dency itfelf,  which  is  no  occult  quality,  but  a fenfible 
phenomenon,  be  its  caufes  ^^^hat  they  may  ; whether  a, 
property  effential  to  body,  as  fome  make  it,  or  fuper- 
added  to  it,  as  others  ; or  even  an  impulfe  of  fome  bo- 
dy from  without,  as  others. 

It  is  a law  of  nature  long  obferved,  that  all  bodies 
near  the  earth  have  a Gravity  or  weight,  or  a tendency 
towards  its  centre,  or  at  ieaft  perpendicular  to  its  fur- 
face  ; which  law  the  moderns,  and  efpecially  Sir  I. 
Newton,  from  certain  obfervations  have  found  to  be 
much  more  extenfive,  and  holding  univerfally  with  re- 
fpedt  to  all  known  bodies  and  matter  in  nature.  It  is 
therefore  at  prefent  acknowledged  as  a principle  or  law 
of  nature,  that  all  bodies,  and  all  the  particles  of  all 
bodies,  mutually  gravitate  towards  each  other ; from 
which  fingle  principle  it  is  that  Newton  has  happily  de- 
duced all  the  great  phenomena  of  nature. 

Hence  Gravity  may  be  dittinguilhed  into  Particular 
and  General. 

Particular  Gravity,  is  that  which  refpeffs  the 
earth,  or  by  which  bodies  defeend,  or  tend  towards  the 
centre  of  the  earth  ; the  phenomena  or  properties  of 
which  are  as  follow  : 

1.  All  circumterreftrial  bodies ~do  hereby  tend  to- 
wards a point,  which  is  either  accurately  or  very  nearly 
the  centre  of  magnitude  of  the  terraqueous  globe.  Not 
that  it  is  meant  that  there  is  really  any  virtue  or  charm 
in  the  point  called  the  centre,  by  which  it  attradbs  bo- 
dies ; but  becaufe  this  is  the  refult  of  the  gravitation 
of  bodies  towards  all  the  parts  of  which  the  earth 
confifts. 

2.  This  point  or  centre  is  fixed  within  the  earth,  or 
at  Ieaft  has  been  fo  far  as  any  autlrentic  hiftory  reaches. 
For  a confequence  of  its  ffiifting,  though  ever  fo  little,. 
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wout(ll)e  tlie  overflowing  of  the  lowlands  on  that  fide 
of  the  globe  towards  which  it  fhould  approach.  Dr. 
Halley  fuggefts,  that  it  would  well  account  for  the 
i.iniverfal  deluge,  to  have  the  centre  of  gravitation  re- 
moved for  a time  towards  the  middle  of  the  then  in- 
habited world;  for  the  change  of  its  place  but  the 
2000th  part  of  the  radius  of  the  earth,  or  about  2 miles, 
would  he  fufficient  to  lay  the  tops  of  the  highcll  hills 
■under  water. 

3.  In  all  places  equidiflant  from  the  centre  of  the 
earth,  the  force  of  Gravity  is  nearly  equal.  Indeed  all 
parts  of  the  earth’s  furface  are  not  at  equal  diftances 
from  the  centre,  becaufe  the  equatorial  parts  are  iiigher 
than  the  polar  parts  by  about  17  miles  ; as  has  been 
proved  by  the  neceffity  of  making  the  pendulum  fhorter 
in  thofe  places,  before  it  will  fwing  ^feconds.  In  the 
new  Peterfburg  Tranfaftions,  vol.  6 and  7,  M.  Krafft 
gives  a formula  for  the  proportion  of  Gravity  in  different 
latitudes  on  the  earth’s  furface,  which  is  this : 

y = (l  -f  0*0052848  fine  ; 
where  g denotes  the  Gravity  at  the  equator,  and  y the 
Gravity  under  any  other  latitude  X.  On  this  fubjeft, 
fee  alfo  the  articles  Degree,  and  Earth. 

4.  Gravity  equally  affecis  all  bodies,  without  regard 
either  to  their  bulk,  hgure,  or  matter : fo  that,  ab> 
ftrafting  from  the  refiflance  of  the  medium,  the  mofl 
compaft  and  loofe,  <the  greatefl  and  fmallefl  bodies 
would  all  defeend  through  an  equal  fpace  in  the  lame 
time  ; as  appears  from  the  quick  defeent  of  very  light 
bodies  in  an  exhaufted  receiver.  The  fpace  which 
bodies  do  aftually  fall,  in  vacuo,  is  167'^  feet  in  the 
hrft  fccond  of  time,  in  the  latitude  of  I.ondon  ; and 
for  other  times,  either  greater  or  lefs  than  that,  the 
fpaces  defeended  from  rell  are  diredtly  proportional  to 
the  fquares  of  the  times,  while  the  falling  body  is  not 
far  from  the  earth’s  furface. 

5.  This  power  is  the  greatefl  at  the  earth’s  furface, 
from  whence  it  decreafes  both  upwards  and  downwards, 
but  not  both  ways  In  the  fame  proportion  ; for  up- 
wards the  force  of  Gravity  Is  lefs,  or  decreafes,  as  the 
fquarc  of  the  diflance  from  the  centre  Increafes,  lo  that 
at  a double  dillance  from  the  centre,  above  the  furface, 
the  force  would  be  only  i-4th  of  what  it  is  at  the  fur- 
face ; but  below  the  furface,  the  power  decreafes  in 
fuch  fort  that  its  Intenfity  is  in  the  dlrefl  ratio  of  the 
diftance  from  the  centre  ; fo  that  at  the  dillance  of 
half  a femidiameter  from  the  centre,  the  fcjrce  would 
be  but  half  what  It  is  at  the  furface  ; at  3 of  a femi- 
diameter the  force  would  be  and  fo  on. 

6.  As  all  bodies  gravitate  towards  the  earth,  fo  does 
the  earth  equally  gravitate  towards  all  bodies  ; as  well 
as  all  bodies  towards  particular  parts  of  the  earth,  as 
hills,  &:c,  which  has  been  proved  by  the  attraction  a hill 
has  upon  a plumb  line,  infenfibly  drawing  It  afide. — 
Hence  the  gravitating  force  of  entire  bodies  confiils  of 
thofe  of  all  their  parts  : for  by  adding  or  taking  away 
any  part  of  the  matter  of  a body,  its  Gravity  is  in- 
creafed  or  decreafed  in  the  proportion  ( f the  quantity 
of  fuch  portion  to  the  whole  mafs.  Plence  alfo  the 
gravitating  powers  of  bodies,  at  the  fame  diftance  from 
the  centre,  are  proportional  to  the  quantities  of  matter 
in  the  bodies. 

General  or  Univerfal  Gravity,  is  that  by  which  all 
the  planets  tend  to  one  another,  and  indeed  by  which 


all  the  bodies  and  particles  of  matter  in  the  umverfc 
tend  towards  one  another. 

The  exiflence  of  the  fame  principle  of  Gravitation 
in  the  fuperlor  regions  of  the  heavens,  as  on  the  earth, 
is  one  of  the  great  difeoveries  of  Newton,  who  made 
the  proof  of  it  as  eafy  as  that  on  the  earth.  . At  firft', 
it  would  feem  this  was  only  conjedlure  with  him  : he 
obferved  that  all  bodies  near  the  earth,  and  in  its  at- 
mofphere,  had  the  property  of  tending  diiedlly  towards 
It  ; he  foon  conjeclured  that  it  probably  extended 
much  higher  than  any  diilarice  to  which  we  could 
reach,  or  make  experiments  ; and  fo  on,  from  one 
diflance  to  another,  till  he  at  length  faw  no  reafon  why 
it  might  not  extend  as  far  as  to  the  moon,  by  means 
of  which  fhe  might  be  retained  in  her  orbit  as  a Hone 
in  a fling  is  retained  by  the  hand  ; and  if  fo,  he  next 
Inferred  why  'might  not  a fimilar  principle  exifl  in 
the  other  great  bodies  in  the  univcrle,  the  fun  and  all 
the  othtT  planets,  both  primary  and  fecondary,  which 
might  all  be  retained  in  their  orbits,  and  perform  their 
revolutions,  by  means  of  the  fame  univerfal  principle  of 
gravitation. 

Thefe  coiijeclures  he  foon  realized  and  verified  by 
mathematical  proofs.  Kepler  had  found  out,  by  conteiii- 
pldting  the  motions  of  the  planets  about  the  fun,  that 
the  area  deferibed  by  a line  connecting  the  fua  and 
planet,  as  this  revolved  in  its  orbit,  was  always  propor- 
tional to  the  time  of  its  defcriptlon,  or  that  it  deferibed 
equal  areas  In  equal  times,  in  whatever  part  of  its  orbit 
the  planet  might  be,  moving  always  fo  much  the  quicker 
as  its  diflance  from  the  fun  was  lefs.  And  it  is  alfo 
found  that  the  fatellites,  or  fecondary  planets,  refpet^t 
the  fame  law  in  revolving  about  their  prirrmnes.  But 
it  was  foon  proved  by  Newton,  that  all  bodies  itio\ ing 
In  any  curve  line  deferibed  on  a plane,  and  which,  by 
radii  drawn  to  any  certain  point,  deferibe  areas  about 
the  point  proportional  to  the  times,  are  impelled  or, 
ailed  on  by  fome  power  tending  towards  that  point. 
Confequently  the  power  by  which  all  thefe  planets  re- 
volve, and  are  retained  in  their  orbits,  is  direCled  to  the 
centre  about  which  they  move,  viz,  the  primary  planets 
to  the  fun,  and  the  fatellites  to  their  feveral  primaries. 

Again,  Newton  demonflrated,  that  if  feveral  bodies 
revolve  with  an  equable  motion  in  feveral  circles  about 
the  fame  centre,  and  that  If  the  fquares  of  their  pe- 
riodical tlmes^be  In  the  fame  proportion  as  the  cubes 
of  their  diflances  from  the  common  centre,  then  the 
centripetal  forces  of  the  revolving  bodies,  by  which 
they  tend  to  their  central  body,  will  be  In  the  recipro- 
cal or  inverfe  ratio  of  the  fquares  of  the  diflances.  Or 
if  bodies  revolve  in  orbits  approaching  to  circles,  and 
the  apfes  of  thofe  orbits  be  at  refl,  then  alfo  the  centri- 
petal forces  of  the  revolving  bodies  will  be  reciprocally 
proportional  to  the  fquares  of  the  diflances.  But  It 
had  been  agreed  on  by  the  allronomers,  and  particularly 
Kepler,  that  both  thefe  cafes  obtain  in  all  the  planets. 
And  therefore  he  inferred  that  the  c«^ntripetal  forces 
of  all  the  planets  are  reciprocally  proportional  to  the 
fquares  of  the  diflances  from  the  centres  of  their  orbits. 

Upon  the  whole  It  appears,  that  the  planets  are  re- 
tained in  their  orbits  by  fome  power  which  Is  conti- 
nually a6ling  upon  them  : that  this  power  Is  direcled 
towards  the  centre  of  their  orbits  : that  the  intenfity 
or  efficacy  of  this  power  increafes  upon  an  approach 
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towards  the  centre,  and  diminifTies  on  receding  from 
the  fame,  and  that  in  the  reciproca,!  duplicate  ratio  of 
the  dihances  : and  that,  by  comparing  this  centripetal 
force  of  the  planets  tvith  the  force  of  gravity  on  the 
earth,  they  are  found  to  be  perfeftly  alike,  as  may 
cafily*  be  fhewn  in  various  inflances.  For  example,  in 
th  e cale  of  the  moon,  the  nearefl  of  all  tlie  planets, 
ddie  rectilinear  fpaces  defcribed  in  any  given  time  by 
a falling  body,  urged  by  any  powers,  reckoning  from 
the  beginning  of  its  defcent,  are  proportional  to  thofe 
powers.  Confequently  the  centripetal  force  of  the 
moon  revolving  in  her  orbit,  will  be  to  the  force  of 
Gravity  on  the  furface  of  the  earth,  as  the  fpace  which 
the  moon  'wmuld  defcribe  in  falling  dining  any  fmall 
time,  by  her  centripetal  force  towards  the  earth,  if  (lie 
had  no  circular  motion  at  all,  to  the  fpace  a body  near 
the  earth  would  defcribe  in  falling  by  its  Gravity  to- 
wards the  fame. 

Now  by  an  eafy  calculation  of  thofe  two  fpaces,  it 
appears  that  the  former  force  is  to  the  latter,  as  the 
fquare  of  the  femi-diameter  of  the  earth  is  to  the 
fquare  of  that  of  the  moon’s  orbit.  The  moon’s  cen- 
tripetal force  therefore  is  equal  to  the  force  of  Gravity  ; 
and  confequently  thefe  forces  are  not  different,  but 
they  are  one  and  the  fame : for  if  they  were  different, 
bodies  a6fed  on  by  the  two  powers  conjointly  would 
fall  towards  the  earth  with  a velocity  double  to  that 
arifing  from  the  foie  power  of  Gravity. 

It  is  evident  therefore  that  the  moon’s  centripetal 
force,  by  which  fhe  is  retained  in  her  orbit,  and  pre- 
vented from  running  off  in  tangents,  is  the  very  power 
of  Gravity  of  the  earth  extended  thither.  See  New- 
ton’s Princip.  lib.  i,  prop.  45,  cor.  2,  and  lib.  3,  prop. 
3 ; where  the  numeral  calculation  may  be  feen  at  full 
length. 

The  moon  therefore  gravitates  towards  the  earth,  and 
reciprocally  the  earth  towards  the  moon.  And  this  is 
alfo  farther  confirmed  by  the  phenomena  of  the  tides. 

The  like  reafoning  may  alfo  be  applied  to  the  other 
planets.  For  as  the  revolutions  of  the  primary  planets 
round  the  fun,  and  thofe  of  the  fatellites  of  Jupiter  and 
Saturn  round  their  primaries,  are  phenomena  of  the 
fame  kind  with  the  revolution  of  the  moon  about  the 
earth  ; and  as  the  centripetal  powers  of  the  primary 
are  directed  towards  the  centre  of  the  fun,  and  thofe 
of  the  fatellites  towards  the  centres  of  tjieir  primaries  ; 
and  laflly  as  all  thefe  powers  are  reciprocally  as.  the 
fquares  of  the  diflances  from  the  centres,  it  may  fafely^ 
be  concluded  that  the  power  and  caule  are  the  fame  in  all. 

Therefore,  as  the  moon  gravitates  towards  the  earth, 
and  the  earth  towards  the  moon  ; fo  do  all  the  fecon- 
daries  to  their  primaries,  and  thefe  to  their  fecondaries  ; 
a,nd  fo  alfo  do  the  primaries  to  the  fun,  and  the  fun  to 
the  primaries.  Newton’s  Princlp.  lib.  3,  prop.  4,  j", 
6 ; Greg.  Aftron.  lib.  i,  fedc.  7,  prop.  46  and  47. 

The  laws  of  Univerfai  Gravity  are  the  fame  as  thofe 
of  bodies  gravitating  towards  the  earth,  before  laid 
down. 

Cavfe  Gravity.  Various  theories  have  been  ad- 
vanced by  the  philofophers  of  different  ages  to  account 
for  this  grand  principle  of  Gravitation.  The  ancients, 
who  were  only  acquainted  with  particular  Gravity,  or 
the  tendency  of  fublur.ar  bodies  towards  the  earth, 
aimed  no  farther  than  a fyflem  that  might  anfwer  the 
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more  obvious  phenomena  of  It.  Floivever,  fome  hinfj; 
are  found  concerning  the  Gravitation  of  celeftial  bodies 
in  the  account  given  of  the  doctrine  of  Thales  and  his 
fuccefTors  ; and  it  would  feem  that  Pythagoras  was 
kill  better  acquainted  with  it,  to  w^hlch  it  is  fuppofed 
he  had  a view  in  what  he  taught  concerning  the  ffar- 
mony  of  the  Spheres. 

Ariftotle  and  the  Peripatetics  content  themfelvcs 
with  referring  Gravity  or  weight  to  a native  inclination 
in  heavy  bodies  to  be  in  their  proper  place  or  fphere, 
the  centre  of  the  earth.  And  Copernicus  aferibes  it 
to  an  innate  principle  in  all  parts  of  matter,  by  which, 
when  feparated  from  their  wholes,  they  endeavour  to 
return  to  them  again  the  nearek  way.  In  anfwer  to 
Arlkotle  and  his  follow^ers,  vidio  coniidered  the  centre 
of  the  earth  as  t^e  centre'  of  the  univerfe,  he  obferved 
that  It  was  reafonable  to  think  there  was  nothing  pe- 
culiar to  the  earth  In  this  principle  of  Gravity  ; that 
the  parts  of  the  fun,  moon,  and  kars  tended  likewife  to 
each  other,  and  that  their  fpherical  figure  was  preferred 
inkheir  various  motions  by  this  power.  Copern.  Revol. 
lib.  I,  cap.  9.  But  neither  of  thefe  fy kerns  afkgns  any 
phyiical  caufe  of  this  great  effedt:  they  only  amount  to 
this,  that  bodies  defeend  becaufe  they  are  inclined  to 
defeend. 

Kepler,  in  his  preface  to  the  comm.entaries  concern- 
ing the  planet  Mars,  fpeaks  of  Gravity  as  of  a power 
that  was  mutual  between  bodies,  and  fays  that  the 
earth  and  moon  tend  towards  each  other,  and  would 
meet  in  a point  fo  many  times  nearer  to  the  earth  than- 
to  the  moon,  as  the  earth  is  greater  than  the  moon, 
if  their  motions  did  not  hinder  it.  He  adds,  that 
the  tides  arife  from  the  Gravity  of  the  waters  to- 
wards the  moon.  To  him  we  alfo  owe  the  important, 
difeovery  of  the  analogy  between  the  dikances  of  the 
feveral  planets  from  the  fun,  and  the  periods  In  which 
they  complete  their  i^evoiutlons,  viz,  that  the  fquares 
of  their  periodic  times  are  always  in  the  fame  pro- 
portion as  the  cubes  of  their  mean  dikances  irora 
tlie  fun.  However,  Kepler,  Gakendi,  Gilbert,  and 
others,  aferibe  Gravity  to  a certain  magnetic  attraction 
of  the  earth  ; conceiving  the  earth  to  be  one  great 
magnet  continually  emitting  effluvia,  which  take  hold 
of  all  bodies,  and  draw  them  towards  the  earth.  But 
this  is  inconfikent  with  the  feveral  phenomena. 

F)es  Cartes  and  his  followers,  Rohault  &c,  attribute 
Gravity  to  an  external  impulfe  or  truliou  of  fome  fub- 
tle  matter.  By  the  rotation  of  the  earth,  fay  they,  all 
the  parts  and  appendages  of  it  neceifarily  endeavour  to 
recede  from  the  centre  of  rotation  ; but  whence  the}? 
cannot  all  aCfually  recede,  as  there  is  no  vacuum  or 
fpace  to  receive  them.  But  this  hypothefis,  founded 
on  the  fuppofition  of  a plenum,  is  overthrown  by  what 
has  been  knee  proved  of  the  eGkenee  of  a vacuum. 

Dr.  Hook  inclines  to  an.  opinion  much  like  that  of 
Des  Cartes.  Gravity  he  thinks  deducible  from  the 
adtion  of  a mok  fubtle  medium,  which  eaiily  pervades 
and  penetrates  the  mok  folid  bodies  ; and  which,  by 
fome  motion  it  has,  detrudes  all  earthly  bodies. from  it, 
towarefs  the  centre  of  the  earth.  Voffius  too,  and 
many  others,  give  partly  into  the  Cart.efian  notion,  and 
fuppofe  Gravity  to  arife  from  the  diurnal  rotation  at 
the  earth  round  its  axis. 

Dr.  Halley,  defpairing  of  any  fatlsfadory  theory, 
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Ciioofes  to  have  immediate  recourfe  to  the  agency  of 
the  Deity.  So  Dr.  Clarke,  from  a view  of  feveral 
properties  of  Gravity,  concludes  that  it  is  no  adventi- 
tious effcdt  of  any  motion,  or  fubtle  matter,  but  an 
original  and  general  law  imprefied  by  God  on  all  mat- 
ter, and  preferved  in  it  by  fome  efficient  power  pene- 
trating the  very  folid  and  intimate  fubftance  of  it  ; 
being  found  always  proportional,  not  to  the  furfaces  of 
bodies  or  corpuicles,  but  to  their  folid  quantity  and 
contents.  It  Ihould  therefore  be  no  more  inquired 
why  bodies  gravitate,  than  how  they  came  to  be  flrft 
put  in  motion.  Aniiot.  in  Rohault.  Pliyf.  part  i,  cap. 
1 1. 

Gravefande,  in  his  Introdudi.  ad  Philof.  Newton, 
contends  that  the  caufe  of  Gravity  is  uttejly  unknown; 
and  that  we  are  to  conhder  it  no  otherwife  than  as  a 
law  of  nature  originally  and  immediately  impreiTed  by 
the  Creator,  without  any  dependence  on  any  fecond 
law  or  caufe  at  all.  Of  this  he  thinks  the  three  fol- 
lowing confiderations  fufficient  proof.  I.  That  Gravity 
requires  the  prefence  of  the  gravitating  or  attracting 
body  : fo  the  fatellites  of  Jupiter,  for  ex.  gravitate  to- 
wards Jupiter,  wherever  he  may  be.  2.  That  the 
dlftance  being  fuppofed  the  fame,  the  velocity  with 
which  bodies  are  moved  by  the  force  of  Gravity,  de- 
pends on  the  quantity  of  matter  in  the  attracting  body  : 
and  the  velocity  is  not  changed,  whatever  the  mafs  of 
the  gravitating  body'  may  be.  3.  That  if  Gravity'  do 
depend  on  any  known  law'  of  motion,  it  mull  be  fame 
impulfe  from  an  extraneous  body  ; fo  that  as  Gravity 
is  continual,  a continual  llroke  mud  alfo  be  required. 
Now  if  there  be  any  fuch  matter  continually  ftriking  on 
bodies,  it  mud  be  fluid,  and  fubtle  enough  to  penetrate 
the  fubdance  of  all  bodies  : but  how  fliall  a body  fubtle 
enough  to  penetrate  the  fubdance  of  the  hardell  bodies, 
and  fo  rare  as  not  fenfibly  to  hinder  the  motion  of 
bodies,  be  able  to  impel  vad  maffes  towards  each  other 
with  fuch  force  ? how  does  this  force  increafe  the 
ratio  of  the  mafs  of  the  body,  towards  which  the  other 
body  is  moved  ? whence  is  it  that  all  bodies  move  wdth 
the  fame  velocity,  the  didance  and  body  gravitated  to 
being  the  fame  ? can  a fluid  which  only  adls  on  the 
fnrface  either  of  the  bodies  theinltlves,  or  their  internal 
particles,  communicate  fuch  a quantity  of  motion  to 
bodies,  w'liich  in  all  bodies  ffiall  exaCtly  follow'  the  pro- 
portion of  the  quantity  of  matter  in  them  ? 

Mr.  Cotes  goes  yet  farther.  Giving  a view  of  New- 
ton’s pliilofophy,  he  aflerts  that  Gravity  is  to  be  ninked 
among  the  primary  qualities  of  all  bodies  ; and  deemed 
equally  efiential  to  matter  as  extenfion,  mobility,  or 
^impenetrability.  Pnefat.  ad  Nev;t.  Piincip.  But 
Newton  himfclf  difclaims  this  notion  ; and  to  drew 
that  he  docs  not  take  Gravity  to  be  eflentlal  to  bodies, 
he  declares  his  opinion  of  the  caufe  ; chooflng  to  pro- 
pofe  it  by  w'ay  of  query,  not  being  yet  iufficiently 
fatisfied  about  its  experiments.  Thus,  after  liavlng 
fhewn  that  there  is  a medium  in  nature  vaflly  moie 
fubtle  than  air,  by  vvhofe  vibrations  iound  is  propa- 
gated, by  w'hlch  light  communicates  hea.t  to  bodies, 
and  by  the  different  den fities  of  which  the  refradtion 
and  reflc6lion  of  light  are  performed  ; he  proceeds  to 
inquire  ; “ Is  not  this  medium  much  rarer  wu’thln  tlie 
denfe  bodies  of  the  fun,  liars,  planets,  and  comets,  than 


in  the  empty  celeflial  fpaces  between  them  ? and  m 
paffing  from  them  to  greater  dihances,  doth  it  not  grow 
denfer  and  denfer  perpetually,  and  thereby  caufe  the 
Gravity  of  thofe  great  bodies  towards  one  another,  and 
of  their  parts  towards  the  bodies ; every  body  endea- 
vouring to  recede  from  the  denfer  parts  of  the  medium 
tow'ards  the  rarer  ? 

For  if  this  medium  be  fuppofed  rarer  within  the 
fun’s  body  than  at  its  furface,  and  rarer  there  than  at 
the  hundredth  part  of  an  inch  from  his  body,  and  rarer 
there  than  at  the  fiftieth  part  of  an  inch  from  his  body, 
and  rarer  there  than  at  the  orb  of  Saturn ; I fee  no  reafoiu 
w'liy  the  increafe  of  denfity  fhould  flop  any  where,  and 
not  rather  be  continued  through  all  dillances  from  the 
Sun  to  Saturn,  and  bevond. 

And  though  this  increafe  of  denflty  may  at  great 
dillances  be  exceeding  flow  ; yet  if  the  elallic  force  ot 
this  medium  be  exceeding  great,  it  may  fuffice  to  impel 
bodies  from  the  denfer  parts  of  the  medium  towards 
the  rarer  w'ith  all  that  power  w’hicli  w'c  call  Gravity. 

And  that  the  elallic  force  of  this  medium  is  exceed- 
ing  great,  may  be  gathered  fioin  the  fwiftnefs  of  its 
vibrations.  Sounds  move  about  1140  Englifii  feet  ia 
a fecond  of  time,  and  in  feven  or  eight  minutes  of  time, 
they  move  about  one  hundred  Engliffi  miles : light 
moves  from  the  Sun  to  us  in  about  feven  or  eight 
minutes  of  time,  w'hich  dillance  is  about  7000000Q 
Englifh  miles,  fuppofing  the  horizontal  parallax  of  the 
Sun  to  be  about  twelve  fcconds  ; and  the  vibrations, 
or  pulfes  of  this  medium,  that  they  may  caufe  the  al- 
ternate fits  of  eafy  tranfmiffion,  and  eafy  refledlion, 
mull  be  fwifter  than  light,  and  by  confcquence  above 
700000  times  fwifter  than  founds  ; and  therefore  the 
elallic  force  of  this  medium,  in  proportion  to  its  den  li- 
ly, mull  be  above  700000  X 700000  (that  is,  above 
490C00000C00)  times  greater  than  the  elallic  force  of 
the  air  is  in  proportion  to  its  denfity  : for  the  veloci- 
ties of  the  pulfes  of  elallic  mediums  are  in  a fubdupli- 
cate  ratio  of  the  elallicities  and  the  rarities  of  the  me- 
diums taken  together. 

As  Magnetifm  is  llronger  in  fmall  loadllones  than  in 
great  ones,  in  proportion  to  their  bulk  ; and  Gravity  is 
llronger  on  tlie  furface  of  fmall  planets,  than  thofe  of 
great  ones,  in  proportion  to  their  bulk  ; and  fmall 
bodies  are  agitated  much  more  by  eletlrlc  attradlion 
than  great  ones  : fo  the  fmallnedb  of  the  rays  of  light 
may  contribute  very  much  to  the  power  of  the  agent 
by  whicli  they  arc  refradled  ; and  if  any  one  fliould 
fuppole,  that  aether  (like  our  air)  may  contain  particles 
which  endeavour  to  recede  from  one  another  (for  I do 
not  know  what  this  aether  is),  and  that  its  particles  are 
exceedingly  fmaller  than  thofe  of  air,  or  even  than  thofe 
of  light ; the  exceeding  frnalluefs  of  fuch  particles  may 
contribute  to  the  great nefs  of  the  force,  by  w'hich  they 
recede  from  one  another,  and  thereby  make  that  me- 
dium exccedincrlv  more  rare  and  elallic.  than  air,  and  of 
confequcnce,  exceedingly  lefs  able  to  refill  the  motions 
of  projectiles,  and  exceedingly  more  able  to  prefs  upon 
grofs  bodies  by  endeavouring  to  expand  Itfelf,”'  Op- 
tics, p.  325  &c. 

Gravity,  in  Mechanics,  denotes  the  conatns  or 
tendency  of  bodies  tow'ards  the  centre  of  the  earth. — ^ 
That  part  of  mechanics  which  conliders  the  equilibrium 
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or  motion  of  bodies  ariiing  from  Gravity  or  weigdit,  is 
particularly  called  llatics. 

Gravity  in  this  view  is  diftinguifiied  into  Abfolate 
and  Relative. 

y'lhfolute  Ga.AviTY  is  that  with  which  a body  delcends 
freely  and  perpendicularly  through  an  iinrehfting  me- 
dium. 'The  laws  of  which  fee  under  Descent  of 
,'Bobies,  Acceleration,  Motion,  8rc. 

Bylail’ve  Gravity  is  that  with  which  a body  de- 
fcends  cn  an  inclined  plane,  or  through  a refilling  me- 
dium, or  as  oppofed  by  foine  other  refiltance.  The 
laws  of  which  fee  under  the  articles  Inclined  Plane, 
i.lEscENT,  Fluid,  Resistance,  &c; 

Gravity,  in  Hydroilatics.  The  laws  of  bodies 
fn-avitatina:  in  Fluids  make  the  bufinefs  of  Hydrofta- 
lies. 

Gravity  is  here  divided  into  Abfolute  and  Specific. 

Ahj'olute  ox  Tn/r  Gravity,  is  the  whole  force  with 
which  the  body  tends  downwards. 

Specific  Gravity,  is  the  relative,  comparative,  or 
apparent  Gravity  in  any  body,  in  refpedl  of  that  of 
an  equal  bulk  ar  magnitude  of  another  body  ; denot- 
ing that  Gravity  or  weight  which  is  peculiar  to  each 
fpecies  or  kind  of  body,  and  by  which  it  is  diftinguillied 
from  all  other  kinds. 

In  this  fenfe  a body  is  faid  to  be  Specifically  Heavier 
than  another,  when  under  the  fame  bulk  it  contains  a 
greater  weight  than  that  other ; and  reciprocally  the 
latter  is  faid  to  be  Specifically  Lighter  than  the  form- 
er. Thus,  if  there  be  two  equal  fpheres,  each  one  foot 
in  diameter  ; the  one  of  lead,  and  the  other  of  wood  i 
fince  the  leaden  one  is  found  heavier  than  the  wooden 
one,  it  is  faid  to  be  Specifically,  or  in  Specie,  Hea- 
vier ; and  the  wooden  one  Specifically  Lighter. 

This  kind  of  Gravity  is  by  fome  called  Relative  ; in 
oppofition  to  Abfolute  Gravity,  which  increafes  in  pro- 
portion to  the  quantity  or  mafs  of  the  body. 

Laws  of  the  Specific  Grafity  of  bodies. 

I.  If  two  bodies  be  equal  in  bulk,  their  fpecific  gra- 
vities  are  to  each  other  as  their  weights,  or  as  their 
denfities. 

II.  If  twm  bodies  be  of  the  fame  fpccific  gravity  of 
denfity,  their  abfolute  weights  will  be  as  their  magni- 
tudes or  bulks. 

III.  In  bodies  of  the  fame  weight,  the  fpecific  gra- 
vities are  reciprocally  as  their  bulks. 

IV.  The  fpecific  gravities  of  all  bodies  are  in  a ra- 
tio compounded  of  the  diredl  ratio  of  their  weights, 
iind  the  reciprocal  ratio  of  their  magnitudes.  And 
hence  again  the  fpecific  gravities  are  as  the  denfities. 

V.  The  abfolute  gravities  or  weights  of  bodies  arc 
in  the  compound  ratio  of  their  fpecific  gravities  and 
magnitudes  or  bulks. 

VI.  The  magnitudes  of  bodies  are  dire£lly  as  their 
weights,  and  reciprocally  as  their  fpecific  gravities. 

VII.  A body  fpecifically  heavier  than  a fluid,  lofes 
as  much  of  its  weight  when  immerfed  in  it,  as  is  equa\ 
to  the  weight  of  a quantity  of  the  fluid  of  the  fame 
bulk  or  magnitude. 

Hence,  fmee  the  Specific  Gravities  are  as  the  abfo- 


lute gravities  under  the  fame  bulk  ; the  Specific  Gra- 
vity of  the  fluid,  will  be  to  that  of  the  body  immerged, 
as  the  part  of  the  weight  loll  by  the  folid,  is  to  the 
whole  weight. 

And  hence  the  Specific  Gravities  of  fluid«  are  as  the 
weights  loll  by  the  fame  folid  immerged  in  them. 

VIII.  Lo  fnd  the  'Specific  Gravity  of  a Fluids  or  of 
a Solid. — On  one  arm  of  a balance  fufpend  a globe  of 
lead  by  a fine  thread,  and  to  the  other  fallen  an  equal 
weight,  which  may  juft  balance  it  in  the  open  air. 
Immerge  the  globe  into  the  fluid,  and  obferve  what 
weight  balances  it  then,  and  confequently  what  weight 
is  loft,  whicli  is  proportional  to  the  Specific  Gravity 
as  above.  And  thus  the  proportion  of  the  Specific 
Gravity  of  one  fluid  to  another  is  determined  by  im~ 
merfmg  the  globe  fucceflively  in  all  the  fluids,  and  ob- 
ferving  the  weights  loft  in  each,  which  will  be  the  pro- 
portions of  the  Specific  Gravities  of  the  fluids  fought. 

This  fame  operation  determines  alfo  the  Specific 
Gravity  of  the  folid  immerged,  whether  it  he  a globe 
or  of  any  other  lhape  or  bulk,  fuppoling  that  of  the 
fluid  known.  For  the  Specific  Gravity  of  the  fluid 
is  to  that  of  the  folid,  as  the  weight  loft  is  to  the  whole 
Vv^eight. 

Hence  alfo  may  be  found  the  Specific  Gravity  of  a 
body  that  is  lighter  than  the  fluid,  as  follows  : 

IX.  To  find  the  Specific  Gravity  of  a Solid  that  is 

lighter  than  the  fluids  cis  water  ^ in  which  it  is  An- 

nex to  the  lighter  body  another  that  is  much  heavier 
than  the  fluid,  fo  as  the  compound  mafs  may  link  in 
the  fluid.  Weigh  the  heavier  body  and  the  compound 
mafs  feparately,  both  in  water  and  out  of  it ; then  find 
how  much  each  lofes  in  water,  by  fubtradling  its  weight 
in  v/ater  from  its  weight  in  air  ; and  fubtradl  the  lefs 
of  thefe  remainders  from  the  greater. 

Then,  As  this  laft  remainder. 

Is  to  the  weight  of  the  light  body  in  air. 

So  is  the  Specific  Gravity  of  the  fluid. 

To  the  Specific  Gravity  of  that  body. 

X.  The  Specific  Gravities  of  bodies  of  equal  weight-, 
are  reciprocally  proportional  to  the  quantities  of  weight 
loft  in  the  fame  fluid.  And  hence  is  found  the  ratio 
of  the  Specific  Gravities  of  folids,  by  weighing  in  the 
fame  fluids,  malTes  of  them  that  weigh  equally  in  air, 
and  noting  the  weights  loft  by  each. 

The  Specific  Gravities  of  many  hinds  of  bodies,  both 
folid  and  fluid,  have  been  determined  by  various  au- 
thors. Marinus  Ghetaldus  particularly  tried  the  Spe- 
cific Gravities  of  various  bodies,  efpecially  metals  ; 
v/hich  were  taken  from  thence  by  Oiightred.  In  the 
Philof.  Tranf.  are  feveral  ample  tables  of  them,  by  va^t 
rious  authors,  particularly  thofe  of  Mr.  Davis,  vol.  45, 
p.  416,  or  Abr.  vol.  10,  p.  206.  Some  tables  of  them 
were  alfo  publillied  by  P.  Merfenne,  Mufchenbroeck, 
Ward,  Cotes,  Emerfon,  Martin,  d<c. 

It  will  be  fufficient  here  to  give  thofe  of  fome  of 
the  moll  iifiial  bodies,  that  have  been  determined  with 
the  greater  certainty.  The  numbers  in  this  table  ex- 
prefs  the  number  of  Avoirdupois  ounces  in  a cubic  foitt 
of  each  body,  that  of  common  water  being  juft  tooo 
ounces,  or  62|  lb. 
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Tabis.  of  Sfbcific  Grafitiss, 


I.  Solids. 


Platina,  pure 

' » 

• 

m 

23000 

Fine  gold 

- 

19640 

Standard  gold 

- 

• 

- 

18888 

•Lead 

• 

m 

- 

•Fine  Silver 

Standard  Silver 

- 

1 1091 

10535 

Copper 

«v> 

m 

* 

9000 

Copper  halfpence 

m 

- 

- 

8915 

Gun  metal 

. 

- 

- 

8784 

Fine  brafs 

- 

- 

- 

8350 

Cah  brafs 

m 

m 

8000 

Steel 

- 

- 

7850 

Iron 

- 

- 

- 

7^45 

Pewter 

r 

m 

7471 

Cah  Iron 

- 

- 

7425 

Tin 

- 

«» 

- 

7320 

Lapis  calaminaris 

* 

- 

5000 

Loadhone 

- 

- 

- 

4930 

Mean  of  the  w’hole 

Earth 

- 

- 

4500 

Crude  Antimony 

••  m 

m 

• 

4000 

Diamond 

- 

- 

3517 

Granite 

- 

m 

m 

3500 

White  lead 

im 

3160 

Ifland  cryhal 

m 

- 

m 

2720 

Marble 

m 

- 

m 

2705 

Pebble  hone 

m 

- 

Wm 

2700 

Jafper 

m 

- 

- 

2666 

Rock  cryhal 

- 

- 

2650 

Pearl 

m- 

- 

- 

2630 

Green  glafs 

• * 

« 

- 

2600 

Flint 

m 

m 

- 

2570 

Onyx  hone 

- 

- 

2510 

Common  hone 

- 

- 

2500 

Cry^hal 

- 

•• 

2210 

Clay 

- 

- 

- 

2160 

.Oyher  fliells 

Brick 

. 

m 

m 

2092 

2000 

Common  earth 

- 

- 

1984 

Nitre 

V m 

- 

- 

1900 

Vitriol 

•• 

- 

1 880 

Alabaher 

A 

- 

- 

1874 

Horn 

- 

- 

- 

1840 

Ivory 

•m 

■>- 

- 

1825 

Sulphur 

- 

- 

1810 

Chalk 

- 

• - 

1793 

Solid  gunpowder 

- 

- 

- 

1745 

Alum 

- 

m- 

- 

1714 

Dry  bone 

-- 

- 

- 

1660 

Human  calculus 

- 

- 

1542 

Sand 

- 

- 

1520 

Liofnum  vitae 

m 

m 

- 

1327 

Coal 

- 

•v 

1250 

Jet 

- 

1238 

Ebony 

- 

- 

1177 

Pitch 

- 

m 

1150 

Rofm 

- 

m 

1 ICO 

Mahogany 

» m 

• 

- 

1063 

Amber 

m 

-- 

1040 

Brazil  wood 

m 

> 

- 

1031 

Boxwood 

m 

• 

to 

1030 

Common  water 

1000 

Beeswax 

m « 

955 

Butter 

m 

940 

Oak  ♦ 

m 

» 

925 

Gunpowder,  fliaken 

i#  m 

m 

922 

Logwood 

- 

913 

Ice 

m 

m * 

- 

908 

Afli 

m m 

.. 

800 

Maple 

. 

m 

755' 

Beech 

- 

m 

m 

700 

Elm 

m 

600 

Fir 

am 

55c 

Saffafras  wood 

» 

482’ 

Charcoal 

» 

Cork 

am 

^^40 

New  fallen  fnow 

II. 

n 

Fluids. 

t 

86> 

Quickfilver 

• 

. 

am 

13600 

off  of  Vitriol 

m m 

1700 

Oil  of  Tartar 

• 

1550 

Honey 

- 

- 

- 

1450 

Spirit  of  Nitre 

« m 

- 

^315 

Aqua  Foitis 

- 

- 

- 

1300 

Treacle 

A 

. .■ 

m 

1290 

Aqua  Regia 

- 

m 

1234 

Hinnan  blood 

- 

-- 

.. 

' 1054 

Urine 

m 

am 

1P32 

Cow’s  milk 

1 

- 

1031 

Sea  Water 

M mt 

-- 

1030 

Ale 

m 

1028 

Vinegar 

A 

1026 

Tar 

•k  m 

- 

1015 

Water 

m 

1000 

Dihilled  Water 

m 

> 

am 

993' 

Red  Wine 

> 

m 

m 

990' 

Proof  Spirits 

931 

Olive  Oil 

— 

913' 

Pure  Spirits  of  Wine 

m m 

-■ 

865- 

Oil  of  Turpentine 

■ 

800 ' 

iEther 

-■ 

726 

Common  Air 

- 

- 

am  ' 

1-232 

or  very  nearly 

- 

Thefe  numbers  being  the  weight  of  a cubic  foot,  or 
172:8  cubic  inches,  of  each  of  the  bodies,  in  Avoirdu-- 
pois  ounces,  by  proportion  the  quantity  in  any  other 
weight,  or  the  weight  of  any  other  quantity,  may  be* 
readily  known. 

For  ex.  Required  the  content  of  an  irregular  block 
of  common  hone  which  weighs  i cwt,  or  ii2lb,  or' 
1792  ounces.  Here,  as  2500:  1792  1728^-1228-5 

cubic  inches  the  content. 

Ex.  2.  To  hnd  the  weight  of  a block  of  granite, 
whofe  length  is  63  feet,  and  breadth  and  thicknefs  each 
12  feet  ; being  tlie  dimenfions  of  one  of  the  hones,  of 
granite,  in  the  walls  of  Balbeck.  Here,  63  X 12  x 12 
= 9072  feet  is  the  content  of  the  hone;  therefore  as 
1 : 9072  3500  oz  : 31752000  oz  or  885  tons  iS 

cwt.  3 qrs.  the  weight  of  the  hone. 

XI.  A body  defeends'in  a fluid  fpecifically  lighter, 
or  afeends  in  a fluid  fpecifically  heavier,  with  a force 
equal  to  the  difference  between  its  weight  and  that 
of  an  equal  bulk  of  the  fluid. 

XII.  A body  finks  in  a fluid  fpecifically  heavier,  fo 

far- 
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far  as  that  ths  weight  of  the  body  is  equal  to  the 
\teight  of  a quantity  of  the  fluid  of  the  fame  bulk  as 
ihe  part  immerfed.  Hence,  as  the  Specific  Gravity 
of  the  fluid  is  to  that  of  the  body,  fo  is  the  whole 
-inagnitiide  of  the  body,  to  the  magnitude  of  the  part 
immerfed. 

XIII.  The  Specific  Gravities  of  equal  folids  are  as 
their  parts  immerged  in  the  fame  fluid. 

The  feveral  theorems  here  delivered,  are  both  demon- 
flrable  from  the  principles  of  mechanics,  and  are  alfo 
equally  conformable  to  experiment,  which  anfwers  ex- 
udlly  to  the  calculation  ; as  is  abundantly  evident  from 
the  courfes  of  philofophical  experiments,  fo  frequently 
exhibited  ; where  the  laws  of  fpecifio  gravitation  are 
well  illullrated. 

GREAT  BEAR,  one  of  the  condellations  in  the 
northern  hemifphere.  See  Ursa  Major. 

Great  Circles,  of  the  Globe  or  Sphere,  are  thofe 
w hofe  planes  pafs  through  the  centre,  dividing  it  into 
two  equal  parts  or  hemifpheres,  and  therefore  having 
the  fame  centre  and  diameter  with  the  fphere  itfelf. 
The  principal  of  thefe  are,  the  equator,  the  ecliptic, 
the  horizon,  the  meridians,  and  the  two  colures. 

Great-Circle  Sailing,  is  the  art  of  conducing 
a fliip  along  the  arc  of  a great  circle.  And  it  is  alfo 
that  part  of  the  theory  of  navigation  which  treats  of 
failing  in  the  arc  of  a great  circle.  See  Navigation. 

GREAVES  (John),  an  eminent  aflronomer,  an- 
tiquary andlinguift,  was  born  in  1602,  being  the  elded 
fon  of  John  Greaves  redlor  of  Colemore,  near  Alresford 
in  Hamplhire,  and  luader  of  a grammar  fchool,  where 
liis  fon  of  courfe  was  well  grounded  in  the  primary 
rules  of  literature.  He  then  went  to  Baliol  college  in 
Oxford,  in  1617  ; but  afterward,  on  account  of  his  fleill 
in  philofophy  and  polite  literature,  he  was  t>he  fird  of 
five  that  w'ere  eledfed  into  Merton  college.  Having 
read  over  all  the  ancient  Greek  and  Latin  wmlters,  he 
applied  to  the  diidy  of  natural  philofophy  and  mathe- 
matics ; and  having  contracted  an  intimacy  with  Mr. 
Briggs,  Savilian  profeflbr  of  geometry  at  Oxford,  and 
Dr.  Bainbridge,  Savilian  profeflbr  of  adronomy  there, 
he  was  animated  by  their  examples  to  profecute  that 
lludy^  with  the  greated  indudry  ; and  not  content  with 
reading  the  writings  of  Purbach,  Regiomontanus,  Co- 
pernicus, Tycho  Brahe,  Kepler,  and  other  celebrated 
adronomers  of  that  and  the  preceding  age,  he  made 
the  ancient  Greek,  Arabian,  and  Perfian  authors  fami- 
liar to  him,  having  before  gained  an  accurate  fleill  in 
the  oriental  languages.  Thefe  accomplifliments  pro- 
cured him  the  profelTorfliip  of  geometry  in  Grefliam- 
college  London,  in  1630  ; and  at  the  fame  time  he  held 
his  fellowfliip  of  Merton-college. 

In  a journey  to  the  Continent,  in  1635,  he  vifited  the 
celebrated  Goiius,  profeflbr  of  Arabic  at  Leyden,  and 
Claud  Hardy  at  Paris,  to  converfe  about  the  Perfiart 
language.  Hence  he  paflfed  through  Italy,  and  accu- 
rately furveyed  the  venerable  remains  of  antiquity^  at 
Rome,  vifiting  and  correfponding  everywhere  with  the 
mod  learned  men  of  every  nation.  After  vifiting  Pa- 
dua, Florence,  and  Leghorn,  he  hence  embarked  for 
Condantinople,  where  he  arrived  in  1638.  From  thence 
he  pafied  over  to  Rhodes,  and  Alexandria  in  Egypt, 
where  he  daid  four  or  five  months,  and  made  a great 
number  of  curious  obfervations.  He  next  went  to 


Grand  Cairo,  meafured  the  pyramids  ; and  while  there 
he  adjuded  the  meafure  of  the  foot,  obferved  by  all  na- 
tions. From  hence  he  returned  again  through  Italy', 
and  arrived  in  England  in  the  y-’ear  1640,  after  doring 
his  mmd  with  a variety  of  curious  knowledge,  and 
colledling  many  valuable  oriental  manuferipts  and  an- 
cient curiofities  ; and  while  at  Rome  he  made  a parti- 
cular inquiry  into  the  true  date  of  the  ancient  weights 
and  meafures. 

On  the  death  of  Dr.  John  Bainbridge,  in  1643, 
he  was  chofen  Savilian  profeflbr  of  adronomy  at  Ox- 
ford, and  principal  reader  of  Linacre’s  leflure  in  Mer- 
ton college  ; an  appointment  for  which  he  w^as  eminent- 
ly qualified,  from  his  critical  acquaintance  with  the 
works  of  the  ancient  and  modern  adronomers.  In  1645 
he  propofed  a method  of  reforming  the  calendar,  by 
omitting  the  intercalary  day -.for  40  years  to  come  : 
the  paper  relating  to  wdiich,  was  publifhed  by  Dr, 
Thomas  Smith,  in  the  Philof.  Tranf.  for  1699.  In 
1646,  he  publilhed  his  Pyramidographia,  or  a De- 
feription  of  the  Pyramids  of  Egypt;  and,  in  1647, 
his  Difeourfe  on  the  Roman  Foot  and  Denarius  ; from 
which,  as  from  two  principles,  the  meafures  and 
weights  ufed  by'  the  Ancients  may  be  deduced.  He 
alfo  publilhed  feveral  other  curious  works  concerning 
antiquities,  &c. 

Soon  after  piiblilhing  the  lad  mentioned  book,  he 
wms  ejeffed,  by  the  parliament  vifitors,  from  the  pro- 
feflbrlhip  of  adronomy  and  fellowfliip  of  Merton-col- 
lege ; and  the  foldiers  committed  many  outrages, 
breaking  open  his  cheds,  and  dedroyung  many*  of  his 
manuferipts  ; wdiich  greatly  aflebted  him.  On  this  oc- 
cafion  he  retired  to  London,  where  he  afterwards  mar- 
ried, and  profecuted  his  dudies  with  great  vigour,  as  ap- 
pears from  feveral  of  his  philofophical  and  theological 
writings.  This  how^ever  proved  but  a tranflent  happi- 
nefs  to  him  ; for  he  died  at  London,  the  8th  of  O6I0- 
ber  1652,  before  he  v/as  quite  50  yTars  of  age;  and 
left  his  adronomical  indruments  to  the  Savilian  library- 
in  Oxford,  where  they  are  depofited. 

GREEK  Orders,  in  Architeflure,  are  the  Doric, 
Ionic  and  Corinthian  ; in  contradidinbtion  to  the  two 
Latin  orders,  viz  the  Tufeanand  Compofite. 

GREEN,  One  of  the  original  colours  of  the  rays  of 
light,  or  of  the  prifmatic  colours  exhibited  by  the  rd- 
frabtion  of  the  rays  of  light. 

Green  is  the  pleafanted  of  all  the  colours  to  the  fight. 
And  hence  It  has  been  inferred  as  a proof  of  the  wif- 
dom  and  goodnefs  of  the  Deity',  that  almoil  all  vege- 
tables, cloathing  the  furface  of  the  earth,  are  green  ; 
which  they  are  ivhen  growing  in  the  open  air ; though 
thofe  in  fubterraneous  places,  or  places  inacceflible  to 
frefli  air,  are  white  or  yHlow.  See  Chromatics,  and 
Colours. 

GREGORIAN  Calendar,  fo  called  from  Pope 
Gregory  the  13th,  is  the  new  or  reformed  Calendar, 
fhewing  the  new  and  full  moons,  with  the  time  of  Eader, 
and  the  other  moveable  feads  depending  upon  it,  by 
means  of  epabts  difpofed  through  the  feveral  months  of 
the  Gregorian  year. 

Gregorian  Epoch,,  is  the  epoch  or  time,  from  which 
the  Gregorian  calendar,  or  computation,  took  place. 
This  began  in  the  y'ear  1582  ; fo  that  the  y'ear  1800 
is  the  218th  of  this  epoch. 
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Gregoria?!  Tekfcope^  a particular  fort  of  telefcope, 
invented  by  Mr.  James  Gregory.  See  Telescope. 

Gregorian  Tear^  the  new  account,  or  new  ftyle,  in- 
troduced upon  the  reformation  of  the  calendar,  by 
Pope  Gregory  the  13th,  in  the  year  1582,  and  from 
whom  it  took  its  name.  This  was  introduced  to  re- 
form the  old,  or  Julian  year,  ellabliflied  by  Julius  Cse- 
far,  which  confided  of  365  days  6 hours,  or  365  days 
and  a quarter,  that  is  three  years  of  365  days  each, 
and  the  fourth  year  of  366  days.  But  as  the  mean 
tropical  year  confifts  only  of  365ds  5hrs  48m  yyfec.  the 
former  loft  i imin.  3fec.  every  year,  which  in  the  time  of 
Pope  Gregory  had  amounted  to  10  days,  and  who, 
by  adding  thefe  10  days,  brought  the  account  of  time 
to  its  proper  day  again,  and  at  the  fame  time  appoint- 
ed that  every  century  after,  a day  more  ftiould  be  add- 
ed, thereby  making  the  years  of  tlic  complete  centu- 
ries, viz  1600,  1700,  1800,  &c,  to  be  common  years 
of  365  days  each,  inftead  of  leap  years  of  366  days, 
whicli  makes  the  mean  Gregorian  year  equal  to  3 65 ds 
5 hrs  45  m.  3 6 fee. 

This  computation  was  not  introduced  into  the  ac- 
count of  time  in  England,  till  the  year  1752,  when  the 
Julian  account  had  loft  ii  days,  and  therefore  the  3d 
■of  September  was  in  that  year,  by  aft  of  parliament, 
accounted  the  14th,  thereby  reftorlng  tiie  ii  days 
which  had  thus  been  omitted.  See  Year. 

GREGORY  Qames),  profeftbr  of  matliematics, 
firft  in  the  univcrfity  of  St.  Andrews,  and  afterwards 
in  that  of  Edinburgh,  was  one  of  the  moft  eminent 
mathematicians  of  the  17th  century.  He  was  a fon  of 
the  Rev.  Mr.  John  Gregory  minifter  of  Drumoak  in 
the  county  of  Aberdeen,  and  was  born  at  Aberdeen 
in  November  1638.  His  mother  was  a daughter  of 
Mr.  David  Anderfon  of  Finzaugh,  or  Flnfhaugh,  a 
gentleman  who  poflefled  a fingular  turn  for  mathema- 
tical and  mechanical  knowledge.  This  mathematical 
genius  was  hereditary  in  the  family  of  the  Anderfons, 
and  from  them  it  feems  to  have  been  tranfmitted  to 
their  defendants  of  the  names  of  Gregory,  Reid,  &c. 
Alexander  Anderfon,  coufin-german  of  the  faid  David, 
was  profeftbr  of  mathematics  at  Paris  in  the  beginning  of 
the  17  th  century,  and  publiftied  there  feveral  valuable  and 
ingenious  works  ; as  may  be  feen  in  the  memoirs  of  his 
life  and  writings,  under  the  article  Anderson.  The 
mother  of  James  Gregory  inherited  the  genius  of  her 
family;  and  obferving  in  her  fon,  while  yet  a child,  a 
llrong  propenfity  to  mathematics,  (he  inftrufted  him 
lierfelf  in  the  elements  of  that  fcience.  His  education 
in  the  languages  he  received  at  the  grammar  fchool  of 
Aberdeen,  and  went  through  the  ufaal  courfe  of  aca- 
demical ftudies  in  the  Marlfchal  college  ; but  he  was 
chiefly  delighted  with  philofophical  refearches,  into 
which  a new  door  had  lately  been  opened  by  the  key 
-of  the  mathematics.  Galileo,  Kepler,  Des  Cartes, 
&:c,  were  the  great  mailers  of  this  new  method  : their 
works  therefore  became  the  principal  ftudy  of  young 
Gregory,  who  foon  began  to  make  improvements  upon 
their  difcoverles  in  Optics.  The  ftrll  of  thefe  improve- 
ments was  the  invention  of  the  refledling  telefcope  ; the 
conftruAion  of  which  inilrument  he  publiihed  in  his 
Optica  Promota,  In  1663,  at  24  years  of  age.  This  dif- 
covery  foon  attrafted  the  attention  of  the  mathemati- 
cians, both  of  our  own  and  of  foreign  coantiies,  who 
Vox.  L 


immediately  perceived  its  great  importance  to  tlic 
fclences  of  optics  and  aftronomy.  But  the  mariner  of 
placing  the  two  fpecula  upon  the  fame  axis  appearing 
to  Newton  to  be  attended  with  the  difadvantage  of 
loling  the  central  rays  of  the  larger  fpeculum,  he  pro- 
poled  an  improvement  on  the  inftrument,  by  giving 
an  oblique  polition  to  the  fmaller  fpeculum,  and  placing 
the  eye-glais  in  the  fide  of  the  tube.  It  is  obfervabic 
however,  that  the  Newtonian  conllrudlion  of  that  in- 
ftrument was  long  abandoned  for  the  original  or  Grego- 
rian, which  is  now  always  ufed  when  the  inftrument 
is  of  a moderate  fize  ; though  Herfchel  has  preferred 
the  Newtonian  form  for  the  conftru6lion  of  thole  Im- 
menfe  telefcopes,  which  he  has  of  late  fo  fuccefsfully 
employed  in  oblerving  the  heavens. 

About  the  year  1664  or  1665,  coming  to  I^ondon, 
he  became  acquainted  with  Mr.  John  Collins,  whore- 
commended  him  to  the  bell  optic  glafs-grinders  there, 
to  have  his  telefcope  executed.  But  as  this- could  not 
be  done  for  want  of  ftclll  in  the  artifts  to  grind  a plate 
of  metal  for  the  objedt  Ipeculum  into  a true  parabo- 
lic concave,  which  the  defign  required,  he  was  much 
difeouraged  with  the  difappointment  ; and  after  a few 
imperfect  trials  made  with  an  ill-polllhed  fpherical  one, 
which  did  not  lucceed  to  hi#  wilh,  he  dropped  the  puf- 
fuit,  and  refolved  to  make  the  tour  of  Italy,  then  the 
mart  of  mathematical  learning,  that  he  might  profecute 
his  favourite  ftudy  with  greater  advantage.  And  the 
univerfity  of  Padua  being  at  that  time  in  high  reputa- 
tion for  mathematical  ftudies,  Mr.  Gregory  fixed  his  re- 
fidence  there  for  fome  years.  Plere  it  was  that  he  pub- 
li fired,  in  1667,  Pera  Circuit  et  HyperhoLt  phiadratura  ; 
in  which  he  propounded  another  difeovery  of  his  own, 
the  invention  of  an  infinitely  converging  ferles  for  the 
areas  of  the  circle  and  hyperbola.  Pie  fent  home  a 
copy  of  this  work  to  his  friend  Mr.  Collins,  who  com- 
municated it  to  the  Royal  Society,  where  it  met  with 
the  commendations  of  lord  Brounker  and  Dr.  Wallis. 
He  reprinted  it  at  Venice  the  year  following,  to  w hick 
he  added  a new  work,  entitled  Geometric  Pars  Univer^ 
falls,  tnferviens  '^i  ant  it  alum  Curvaruin  Pranfmutationi  et 
Menftira ; in  which  he  is  allowed  to  have  fhewn,  for 
the  firll  time,  a method  foi  the  tranfmutation  of  curves, 
ft'hefe  works  engaged  the  notice,  and  procured  the  au- 
thor the  correfpondence  of  the  greateft  mathematicians 
of  the  age,  Newton,  Huygens,  Wallis,  and  others. 
An  account  of  this  piece  was  alfo  read  by  Mr.  Collins 
before  the  Royal  Society,  of  wlilch  Mr.  Gregory,  being 
returned  from  his  travels,  was  chofen  a member  the 
fame  year,  and  communicated  to  them  an  account  of  a 
controverfy  in  Italy  about  the  motion  of  the  earth, 
which  was  denied  by  Riccloll  and  his  followers. — 
Through  this  channel,  in  particular,  he  carried  on  a 
difpute  with  Mr.  Huygens  on  the  occafion  of  his  treatife 
on  the  quadrature  of  the  circle  and  hyperbola,  to  which 
that  great  man  had  ilarted  fome  objeftions  ; in  the 
courfe  of  which  our  author  produced  fome  improve- 
ments of  his  ferles.  But  in  this  difpute  It  happened, 
as  It  generally  does  on  fuch  occafions,  that  the  anta- 
gonifts,  though  fetting  out  with  temper  enough,  yet 
grew  too  warm  in  the  combat.  7'his  was  the  cafe  here, 
cfpecially  on  the  fide  of  Gregory,  whofe  defence  was, 
at  his  own  reqneft,  inferted  in  the  Philofophical  Tranf- 
a(ftions.  It  is  unirec^^ftary  to  enter  into  particulars  : 
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fufficert  tlierefore  to  fay  that,  in  th?  opinion  of  Leibnitz, 
who  allows.  Mr.  Gregory  the  higheft  merit  for  liis  ge- 
nius. and  difcoveries,,  M.  Huygens  has  pointed  out, 
though  not  errors,  fome  conilderable  deficiencies  in 
the  treatiie  above  mentioned,  and  Ihewn  a much  fimpler 
method  of  attaining  the  fame  end. 

in  1668,  our  author  publiflred  at  London  another 
work,  entitled, Geom.etrlc^.,  which  contri- 
buted ftill  much  farther  to  extend  his  reputation.  About 
this  time  he  was  elected  profelTor  of  mathematics  in  the 
univerfity  of  St.  Andrew^s,  an  office  which  he  held  for 
iix  years.  Luring  his  refidence  there,  he  married,  in 
1669,  Mary,  the  daughter  of  George  Jamefon,  the  ce- 
lebrated painter,,  whom  Mr.  Walpole  has  termed  tlie 
Vandyke  of  Scotland,  an'd  who  was  fellow  difciple  with 
that  great  artili  in  the  fchool  of  Rubens  at  Ant- 
werp. 

In  1672,  he  publilhed  “ The  Great  and  New  Art 
of  Weighing  Vanity  : or  a Lifcovery  of  the  Ignorance 
and  Arrogance  of  the  Great  and  New  Artift,  in  his 
Pfeudo-philofopliical  Writings.  By  M.  Patrick  Ma- 
thers, Arch-bedal  to  the  Univerfity'  of  St.  Andrews. 
To  which  are  annexed  fome  Tentamina  de  Motu  Pen- 
duli  & Projedlorum.’’  Under  this  afiimed  name,  our 
author  wrote  this  little  piece  to  expofe  the  ignorance 
of  Mr.  Sinclare,  profeffor  at  Glafgow,  in  his  hydrofta- 
tical  writings,  and  in  return  for  fome  ill  ufage  of  that 
author  to  a colleague  of  Mr.  Gregory’s.  The  fame 
year,  Newton,  on  his  wonderful  difcoveries  in  the  na- 
ture of  light,  having  contrived  a new  rededling  tele- 
fcope,  and  made  feveral  objedlions  to  Mr.  Gregory’s, 
this  gave  birth  to  a difpute  between  thofe  two  phllofo- 
phers,  which  was  carried  on  during  this  and  the  fol- 
lowing year,  in  the  mod  amicable  manner  on  both  fides ; 
Mr.  Gregory  defending  his  own  conllrudlion,  fo  far,  as 
to  give  his  antugonill  the  whole  honour  of  having 
made  the  catoptric  telefccpes  preferable  to  the  dioptric  y 
and  fhewing,  that  the  imperfe^ions  in  thefe  inftruments 
were  not  fo  much  owing  to  a defedh  in  the  objedt  fpecu- 
lum,  as  to  the  different  refrangibility  of  the  rays  of  light* 
In  the  courfe  of  this  difpute,  our  author  defcrihed  a 
burning  concave  mirror,  which  was  approved  by  New- 
ton, and  is  ftill  in  good  efleem.  Several  letter^,  that 
palTed  in  this  difpute,  are  printed,  by  Lr.  Lefaguliers,^ 
in  an  Appendix  to  the  Englifh  edition  of  Lr.  Lavid 
Gregory’s  Elements  of  Catoptrics  and  Lioptrics. 

In  1674,  Mr.  Gregory  was  called  to  Edinburgh,  to 
fill  the  chair  of  mathematics  in  that  univerfity.  This 
place  he  had  held  but  little  more  than  a year,  when, 
in  October  1675,  being  employed  in  fhewing  the  fatel- 
lites  of  Jupiter  through,  a telefcope  to  fome  of  his  pu- 
pils, he  was  fuddenly  flriick  with  total  blindnefs,  and 
died  a few  days  after,  to  the  great  lofs  of  the  mathe- 
matical world,  at  only  37  years  of  age. 

As  to  his  character,  Mr.  James  Gregory  was  a man 
©f  a very  acute  and  penetrating  genius.  His  temper 
feems  to  have  been  v/arm,  as  appears  from  his  condudl 
in  the  difpute  with  Huygens  ; and,  canfeious  perhaps 
of  his  own  merits  as  a difeoverer,  he  feems  to  have  been 
Jealous  of  lofing  any  portion  of  his  reputation  by  the 
improvements  of  others  upon  his  inventions.  He  pof- 
feffed  one  of  the  moft  amiable  eharafters  of  a true  phi- 
lofopher,  that  of  being  content  with  his  fortune  in  his 
fituation-  But  the  moft  brilliant  part  of  his.charader 
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is  that  oPais  matbematical  genius  as  an  inventor,  whreh, 
was  of  the  firll  order  ; as  will  appear  by  the  following 
lift  of  his  inventions  and  .dilcoveries.  Among  many 
others  may  be  reckoned^,  his  Reflecting  Telefcope  , 
Burning  Concave  Mirror  ;■ — Q_uadraturc  of  the  Circle 
and  Hyperbola,  by  an  infinite  converging  feries.; — . 
his.  method  for  the  Transformation  of  Curves  a Geo- 
metrical Lemoiiftration  of’lord  Brounker’s  feries  for 
Squaring  the  Hyperbola — 'his  Lemonftration  that  the 
Meridian  Line  is. analogous  to  a fcale  of  Logarithmic 
Tangents  of  the  Half  Complements  of  the  Latitude;-^ 
he  alfo,  invented  and  demonftrated  geometrically,  by 
help  of  the  hyperbola,  a very  fimple  converging  feries 
for  making  tlie  logarithms  ;■ — he  fent  to  Mr,  Collins  the 
folution  of  the  famous  Keplerian  problem  by  an  infinite 
feries; — he  difeovered  a method  of  drawing  Tangents 
to  Curves  geometrically,  without  any  previous  calcu- 
lations ;■ — a rule  for  the  Lircrit  and  Inyerfe  method 
of  Tangents,  which  Hands  upon  the  fame  principle 
^of  exhauftions)  with  that  of  fluxions,  and  differs  not 
much  from  it  in  the  manner  of  application  ; a Series, 
for  the  length  of  the  Arc  of  a.  Circle  from  the  Tan- 
gent, and  vice  verfa  ; as  alfo  for  the  Secant,  and  Lo- 
garithmic Tangent  and  Secant,  and  vice  verfa . 
Thefe,  with  others,  for  meafuring  the  length  of  the. 
elliptic  and  hyperbolic  curves,  were  fent  to  Mr.  Collins, 
in  return  for  fome  received  from  him  of  Newton’s,  iri: 
which  he  followed  the  elegant  example  of  this  author,, 
in  delivering  his  feries  in  fimple  terms,  independent  of. 
each  other.  Thefe  and  other  writings  of  our  author  are 
moftly  contained  in  the  follov^ing  works,  viz,, 

T.  Optica  Promota.i  qto,  London  , 1663^, 

2 . Vera  Cirruli  et  Hyperbplce  ^adratura ; qto,  Padua: 
1667  and  1668. 

3.  Geonietriiie  Pars  Unlverfalls  ; qto,  Padua  1668. 

4.  Exercitationes  Geometricee ; 4to,  London  1668. 

5.  The  Great  and  New  Art  of  Weighing  Vanity y 
8 VO,  Glafgow  1672. 

The  reft  of  his  inventions  make  the  fubjefl  of  feve- 
ral letters  and  papers,  printed  either  in  the  Philof  . 
Vremf  vol.  3 the  Commerc,  EpifloL  fob.  Collins  et 
Aiiorum,  1715;  in  the  Appendix  to  the  Englifh 
edition  of  Dr.  Lavid  Gregorfs.  Elements  of  Optics y P>\Oy:. 
1735,  by  Lr.  Lefaguliers  ;.and  fome  feries  in  tht  Exer- 
citatio  Geometrica  of  the  fame  author,  4to,,  1684,  Edin-* 
burgh ; as  well  as  in  his  little  piece  on  Practical  Geo-- 
metry. 

G REGORY  (Er,  Eavid)y  Savilian  profeffor  of  af- 
tronomy  at  Oxford,  was  nephew  of  the  above-men-- 
tioned  Mr.  James  Gregory,  being  the  eldeft  fon  of  his 
brother  Mr.  Lavid  Gregory  of  Kinardie,  a gentleman 
who  had  the  lingular  fortune  to  fee  three  of  his  Ions 
all  profeffors  of  mathematics,  at  the  fame  time,  in  three 
of  the  Britilh  Univerfities,  viz,  our  author  David  at 
Oxford,  the  fecond  fon  James  at  Edinburgh,  and  the 
third  fon  Charles  at  St.  Andrew^s.  Our  author  Lavid, 
the  eldfeft  fon,  was  born  at  Aberdeen  in  1 661 , where  he 
received  the  early  parts  of  his  education,  but  completed 
his  ftudies  at  Edinburgh ; and,  being  poffeffed  of  the 
mathematical  papers  of  his  uncle,  foon  diftinguiffied 
himfelf  likewife  as  the  heir  of  his  genius.  In  the  23d 
year  of  his  age,  he  was  elefred  profeffor  of  mathema*- 
tics  in  the  univerfity  of  Edinburgh  ; and,  in  the  fame 
year,  he  publifiied  Exercitatio  Geometrica  de  Dimenfione 
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■^ig-uranun^  Jive  Specimen  Methodi  genernTis  D'metiendi 
quafvis  Figur as,  Edinb.  16^4,410.  He  very  foon  per- 
ceived the  'excellence  of  the  Newtonian  philofophy  ; 
and  had  the  merit  of  being  the  fiidf  that  introduced 
it  into  the  fchools,  by  his  public  ledlures  at  Edinburgh. 

He  had  (f^ys  Mr.  Wilton,  in  the  Memoirs  of  his 
•own  Life,  i.  3 2)  already  caufed  Lveral  of  his  fcholars  to 
keep  a6ls,  as  we  call  them,  upon  feveral  branches  of  the 
Newtonian  philofophy^  while  we  at  Cambridge,  poor 
wretches,  were  ignominioiifly  lludying  the  lidlitious  hy- 
pothefis  of  the  Cartefian.’^ 

In  1691,  on  the  report  of  Dr.  Bernardos  Intention  of 
yefigning  the'Bavilian  profeflbrlhip  of  aftronomy  at  Ox- 
ford, our  author  went  to  London  ; and  being  patronifed 
'by  Newton,  and  warmly  befriended  by  Mr.  Flamfteed 
the  allronomer  royal,  he  obtained  the  vacant  profellbr- 
fhip,  though  Dr.  Halley  was  a competitor.  This  ri- 
"valfhip,  however,  Inftead  of  animofity,laId  the  foundation 
of  friendfliip  between  thefe  eminent  men;  and  Halley 
foon  after  became  the  colleague  of  Gregory,  by  obtain- 
ing the  profelforlliip  of  geometry  In  the  fame  univerfity. 
Soon  alter  his  arrival  in  London,  Mr.  Gregory  had 
been  eledfed  a fellow  of  the  Royal  Society  ; and,  pre- 
vloufly  to  his  eiecftion  Into  the  Savlllan  profelTorlhIp, 
had  thedegree  of  doefor  of  phyfic  conferred  on  him  by 
the  unlverilty  of  Oxford. 

In  1693,  pubhihed  In  the  Phllof.  Tranf.  a refo- 
lution  of  the  Florentine  problem  de  Fejludine  veliformi 
quadrah'iVi  ; and  he  ■continued  to  coinmunicate  to  the 
public,  from  time  to  time,  many  Ingenious  mathematical 
papers  by  the  fame  channel. 

In  1695,  printed  at  Caloptrieg:  tt  Diop~ 

trica  Spharica  Elemenia  ; a work  which,  we  are  inform- 
ed in  the  preface,  contains  the  fubftance  of  fome  of  his 
public  leflurcs  read  at  Edinburgh,  eleven  yearn  before. 
This  valuable  treatife  was  republlfhed  in  Engllfh,  fird 
with  additions  bv  Dr.  William  Brown,  with  the  i*e- 
commendation  c>f  Mr.  Jones  and  Dr.  Defaguliers  ; and 
afterwards  by  the  latter  of  thefe  gentlemen,  with  an 
appendix  containing  an  account  of  the  Gicgorlan  and 
Newtonian  telefcopes,  together  with  Mr.  Hadley’s 
tables  for  the  conllrudlion  of  both  thofe  inftruments. 
It  is  not  unworthy  of  remark,  that,  in  the  conclufion 
of  this  treatife,  there  is  an  obfeiwation  which  Ihews, 
that  the  conftrudlion  of  achromatic  telefcopcs>  which 
'Mr.  Dollond  has  carried  to  fuch  great  perfedlion, 
•had  occurred  to  the  mind  of  David  Gregor)',  from  re- 
'fledllng  on  the  admirable  contrivance  of  nature  in  com- 
bining the  different  humours  of  the  eye.  The  paf- 
fage  is  as  follows  : “ Perhaps  it  would  be  of  fervice  to 
make  the  objedl  lens  of  a different  medium,  as  we  fee 
'done  in  the  fabric  of  the  eye  ; where  the  Cryff allin e 
humour  (whofe  po-^ver  of  refraeffing  the  rays  of  Hgiit 
differs  very  little  from  that  of  gLfs)  Is  by  nature,  who 
never  does  any  thing  in  vain,  joined  with  the  a^queous 
and  vitreous  huiTmurs  (not  differing  from  water  as  to 
their  power  of  refratffion)  in  order  that  tlie  image  may 
be  painted  as  dillinct  as  poffible  upon  the  bottom  of 
the  eye.” 

In  1702  our  author  publinied  at  Oxford,  in  folio, 
/fjfronomia  Phyjica  et  Gcomcir  'tca  Elemcnta ; a work 
which  is  accounted  his  mailer-piece.  It  is  founded 
on  tltc  Newtonian  doffiines,  and  was  ellecmed  by  New- 
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ton  himfelf  as  a moft  excellent  explanation  and  defence 
of  his  philofophy.  In  the  following  year  he  gave  to 
the  world  an  edition,  in  folio,  of  the  works  of  Euclid, 
in  Greek  and  Latin  ; being  done  in  profecutlon  of  a 
defign  of  his  predeceffor  Dr.  Bernard,  of  printing  the 
works  of  all  the  ancient  mathematicians^  In  this  work, 
which  contains  all  the  treatifes  that  have  been  attri- 
buted to  Euclid,  Dr.  Gregory  has  been  careful  to 
point  out  fuch  as  he  found  reafon,  from  internal  evi- 
dence, to  believe  to  be  the  produftlons  of  fome  infe- 
rior geometrician.  In  profecutlon  of  the  fame  plan, 
Dr.  Gregoiy'  engaged  foon  after,  with  his  colleague 
Dr.  Halley,  in  the  publication  of  the  Conics  of  Apol- 
lonius ; but  he  had  proceeded  only  a little  way  in  this 
undertaking,  wlien  he  died  at  Maidenhead  in  Berkfliir^, 
in  1710,  being  the  49th  year  of  his  age  only. 

Behdes  thofe  works  publiflied  in  our  author’s  life 
time,  as  mentioned  above,  he  had  feveral  papers  Infert- 
ed  in  the  Phllof.  Tranf.  vol.  18,  19,  21,  24,  and  25, 
particularly  a paper  on  the  catenarian  curve,  hril  con- 
fidered  by  onr  author.  He  left  alfo  in  manufeript, 
A Short  Treatife  of  the  Nature  and  Arithmetic  of  1.0“ 
garithms,  which  Is  printed  at  the  end  of  Keill’s  tranfla- 
tion  of  Commandine’s  Euclid  ; and  a Treatife  of  Pradi“ 
cal  Geometry,  whioh  was  afterwards  tranffated,  and  pub- 
lifhed  In  1745,  by  Mr.  Maclaurin. 

Dr.  David  Gregory  married.  In  1695,  Elizabeth,  the 
daughter  of  Mr.  Oliphaiit  of  Langtown  in  Scotland. 
By  this  lady  he  had  four  fons,  of  whom,  the  eldeff, 
David,  was  appointed  regius  profeffor  of  modern  hif- 
tory  at  Oxford  by  king  George  the  iff,  and  died  at  an 
advanced  age  In  1767,  after  enjoying  for  many  years 
the  dignity  of  dean  of  Chrlffchurch  in  that  univerfity. 
When  David  Gregory  quitted  Edinburgh,  he  was 
fucceeded  in  the  profefforfhip  at  that  univerlity  by  bis 
brother  fames,  likcwlfe  an  eminent  mathematician  ; 
who  held  that  office  for  33  years,  and,  retiring  in 
17-25,  was  fucceeded  by  the  celebrated  Maclaurin.  A 
daughter  of  this  profeffor  James  Gregory,  a young 
lady  of  great  beauty  aiul  accompliffiments,  was  the 
viffim  of  an  unfortunate  attachmcpt,  that  furniffied  the 
fubjeff  of  Mallet’s  w'ell  known  ballad  of  William  and 
Margaret. 

Another  brother,  Charles,  was  treated  profeffor  of 
mathematics  at  St.  Andi-ewsby  X^een  Anne,  In  1707. 
This  office  he  held  with  reputation  and  ability  for  32 
years;  and,  refigning  in  1739,  was  fucceeded  by  his 
ion,  who  eminently  inkerited  the  talents  of  his  family,, 
and  died  In  1763. 

Some  farther  Particulars  of  the  Family  of  the  Gregorys  and 
Anderfons , conmnnicated  by  T)r.  Thomas  Reid,  ProfeJ 
foi'  of  Moral  Philofophy  in  the  'Univerfity  of  Glafgozu, 
■a  Tephe-tv  of  the  late  Dr.  David  Gregory  Savilicn  PrO“ 
fejfor  at  Oxf  ord., 

Some  account  of  the  family  of  the  Gregorys  at 
Aberdeen,  is  given  in  the  In’fe  of  the  late  Dr.  John 
Gregory  prefixed  to  his  works,  printed  at  Edinburgh 
for  A.  Strahan  and  T.  Cadell,  London,  and  W.  Crecciq 
Ediiiburgli,  178^1,  in  four  fmall  8vo  volumes. 

Who  was  the  author  of  that  Life,  or  wdience  he  had 
his  information,  I do  not  know'.  1 have  heard  It  aicribed 
to  Mr.  Tytl^r  the  younger,  whofe  father  wa*;  appointed 
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one  of  the  guardians  of  Dr.  John  Gregory’s  children. 
Some  additions  to  what  is  contained  in  it,  and  remarks 
upon  it,  is  all  I can  furnilh  upon  this  fuhjedl;. 

Page  3.  I know  nothing  of  the  education  of  David 
Anderfon  of  Finzaugh.  He  feems  to  have  been  a felf* 
taught  Engineer.  Every  public  work  which  furpafled 
the  llcill  of  common  artifts,  was  committed  to  the 
management  of  David.  Such  a reputation  he  acquired 
by  h is  fuccefs  in  works  of  this  kind,  that  with  the  vul- 
gar he  got  the  by-name  of  Davie  do  o’  thing,  that  is  in 
the  Scottifh  dialedt,  David  who  could  do  every  thing. 
By  this  appellation  he  is  better  known  than  by  his 
proper  name.  He  raifed  the  great  bells  into  the 
fleeple  of  the  principal  church  : he  cut  a paffage  for 
{hips  of  burden  through  a ridge  of  rock  under  water, 
which  crolTed  the  entrance  into  the  harbour  of  Aber- 
deen. In  a long  pidturc  gallery  at  Cullen  Houfe,  the 
feat  of  the  earl  of  Findlater,  the  wooden  ceiling  is 
painted  with  feveral  of  the  fables  of  Ovid’s  Metamor- 
phofis.  The  colours  are  flill  bright,  and  the  repre- 
fentation  lively.  The  prefent  earl’s  grandfather  told 
me  that  this  painting  was  the  wmrk  of  David  Anderfon 
my  ancellor,  whom  he  acknowledged  as  a friend  and 
relation  of  his  family. 

Such  works,  while  they  gave  reputation  to  David, 
fuited  ill  with  his  proper  bufinefs,  which  was  that  of  a 
merchant  in  Aberdeen.  In  that  he  fucceeded  ill;  and 
having  given  up  mercantile  bufinefs,  from  a fmall  re- 
mainder of  his  fortune  began  a trade  of  making  malt ; 
and  having  inltrufted  his  wife  in  the  m.anagement  of  it, 
left  it  to  her  care,  and  went  into  England  to  try  his  for- 
tune as  an  engineer ; an  employment  which  in  his  own 
country  he  had  pradtifed  gratuitoufly.  Having  in  that 
wav  made  a fortune  which  fatisfied  him,  he  returned 
to  Aberdeen,  where  his  wife  had  alfo  made  money  by 
her  malting  bufinefs. 

After  making  fuch  provifion  for  their  children  as 
they  thought  reafonable,  they  agreed  that  the  longefi; 
liver  of  the  two  fhould  enjoy  the  remainder,  and  at 
death  fiiould  bequeath  it  to  certain  piirpofes  in  the  ma- 
nasfement  of  the  maffiflrates  of  Aberdeen. 
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^I’he  wife  happened  to  live  longefi,  and  fulfilled  what 
had  been  concerted  with  her  hulband.  Her  legacies, 
well  known  in  Aberdeen,  are  called  after  her  name 
"Jane  GuldD  Mortijications,  a mortification  in  Scots  law 
fignifyin^  a bequeathment  for  fome  charitable  purpofe. 
They  confifi  of  fums  for  different  purpofes.  For  or- 
phans, for  the  education  of  boys  and  girls,  for  unmar- 
ried gentlewomen,  and  for  widows  ; and  they  fiili  con- 
tinue to  be  ufeful  to  many  in  indigent  circumftances. 
She  Avas  the  daughter  of  Dr.  Guild  a minifier  of 
Aberdeen.  Befides  her  money,  fhe  bequeathed  a piece 
of  tapefiry,  wrought  by  her  OAvn  hand,  and  reprefent- 
jng  the  hifiory  of  queen  Efiher,  from  a dravAung  made 
by  her  hufband.  ITe  tapefiry  continues  to  ornament 
the  Avail  of  the  principal  church. 

In  the  fame  page  it  is  faid  that  Alexander  Ander- 
fon, profeflbr  of  mathematics  at  Paris,  was  the  coufin- 
german  of  David  above-mentioned.  I know  not  the 
writer’s  authority  for  this : 1 have  always  heard  that  they 
were  brothers  ; but  for  this  I have  only  family  tradition. 
P.  It  is  here  faid  that  James  Gregory  was  in- 


firudted  in  the  Elements  of  Euclid  by  liis  mother, 
the  daughter  of  David  Anderfon. 

The  account  I have  heard  differs  from  this.  It 
is,  that  his  brother  David,  being  ten  or  eleven  years 
older,  had  the  diredfion  of  his  education  after  their 
father’s  death,  and,  when  James  had  finilhed  his  courfe 
of  philofophy,  Avas  at  a lofs  to  what  literary  profeffion 
he  fiiould  diredi  him.  After  fome  unfuccefsiul  trials, 
he  put  Euclid’s  Elements  into  his  hand,  and  finding 
that  he  applied  to  Euclid  Avith  great  avidity  and  fuc- 
cefs, he  encouraged  and  afiified  him  in  his  mathemati- 
cal fiudies. 

This  tradition  agrees  AAuth  what  James  Gregory  fays 
in  the  preface  to  his  Optica  Proniota  ; where  after  men- 
tioning his  advance  to  the  26th  propofition,  he  adds, 
Ubi  diu  heeji  omne  Jpe  progrediendi  orbatus,  fed  continuis 
hortatibus  et  auxiliis  fratris  mei  Davidis  Gregorii,  in  Ma~ 
thematicis  non  parum  verfati  ( cui  fi  quid  in  hijee  Scientiis 
prajiitero,  me  illud  debere  non  injicias  ibo ) animatus,  tan- 
dem incidi  l5c.  Whether  David  had  been  inftrudled  in 
mathematics  by  his  mother,  or  had  any  living  inftruc- 
tor,  I know  not. 

P.  5,  6.  In  thefe  tAVO  pages  I think  the  merit  of 
Gregory  compared  Avith  that  of  Newton  in  the  inven- 
tion of  the  catoptric  telefcope,  is  put  in  a light  more 
unfavourable  to  Newton  than  is  jufi.  Gregory  be- 
lieving that  the  imperfedlion  of  the  dioptric  telefcope 
arofe  folely  from  the  fpherical  figure  of  the  glaffes,  in- 
vented his  telefcope  to  remedy  that  imperfedlion.  Being 
lefs  converfant  in  the  pradtice  of  mechanics,  he  did  not 
attempt  to  make  any  model.  The  fpecula  of  his  te-r 
lefcope  required  a degree  of  pollfii  and  a figur-e  AAdiich 
the  befi  opticians  of  that  age  Avere  unable  to  execute. 
Newton  demonfirated  that  the  imperfedlion  of  the 
dioptric  telefcope  arofe  chiefly  from  the  different  re- 
frangibility  of  the  rays  of  light ; he  demonfirated  alfo 
that  the  catopric  telefcope  required  a degree  of  polifii 
far  beyond  Avliat  was  neceffary  for  the  dioptric.  He 
made  a model  of  his  telefcope ; and  finding  that  the 
befi  polifii  which  the  opticians  could  give,  was  infuffi- 
clent,  he  improved  the  polifii  with  his  OAvn  hand,  fo 
as  to  make  it  anfwer  the  purpofe,  and  has  deferibed 
mofi  accurately  the  manner  in  which  he  did  this.  And, 
had  he  not  given  this  example  of  the  pradlicability  of 
making  a refledling  telefcope,  it  is  probable  that  it 
AAmuld  have  paffed  as  an  impradlicable  idea  to  this  day. 

P.  II.  To  what  is  faid  of  this  James  Gregory  might 
have  been  added,  that  he  v/as  led  by  analogy  to  the  true 
laAV  of  Refraction,  not  knoAvung  that  it  was  difeovered 
by  Des  Cartes  before  (fee  Preface  to  Optica  Proniota)  ; 
and  that  in  1670  having  receiVed  in  a letter  from  Col- 
lins, a Series  for  the  Area  of  the  Zone  of  a Circle,  and 
as  Newton  had  invented  an  univerfal  method  by  which 
he  could  fquare  all  Curves  Geometrical  and  Mechanical 
by  Infinite  Series  of  that  kind  ; Gregory  after  much, 
thought  difeoA'ered  this  univerfal  method,  or  an  equiva- 
lent one.  Of  this  he  perfeClly  fatisfied  Newton  and  the 
other  mathematicians  of  that  time,  by  a letter  to  Collins 
in  Feb., 1 67 1.  He  Avas  firongly  folicited  by  his  brother 
David  to  publifii  ins  Univerfal  Method  of  Series  without 
delay,  but  excufed  hinifelf  upon  a point  of  honour-; 

that  as  Newton  was  the  fuit  inventor,  and  as  he  had 
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been  led  to  it  by  an  account  of  Newton’s  having  fuch 
a method,  he  thought  himfelf  bound  to  wait  till  Newton 
fhould  publifli  his  method.  I have  feen  the  letters  that 
paiTed  between  the  brothers  on  this  fubjedl. 

With  regard  to  the  controverfy  between  James 
Gregory  and  Huygens,  I take  the  fubjedl  of  that  con- 
troverfy to  have  been,  not  whether  J.  Gregory  ’s  Qi?- 
drature  of  the  Circle  by  a converging  fenes  was  juft, 
but  whether  he  had  demonftrated,  as  in  one  of  his 
propofitions  he  pretended  to  do,  That  it  is  impoffi- 
ble  to  exprefs  perfeftly  the  Area  of  a Circle  in  any 
known  Algebraical  form,  befides  that  of  an  infinite 
converging  feries.  Huygens  excepted  to  the  demon- 
ftration  of  this  propofttion,  and  Gregory  defended  it  ; 
neither  of  them  convinced  his  antagonift,  nor  do  I 
know  that  Leibnitz  improved  upon  what  Gregory  had 
done. 

P.  12.  David  Gregory  of  Kinardie  deferved  a more 
particular  account  than  is  here  given. 

It  is  true  that  he  ferved  an  apprenticefhip  to  a mer- 
cantile houfe  in  Holland,  but  he  followed  that  profeflion 
no  longer  than  he  was  under  authority,  having  a ftronger 
paffion  for  knowledge  than  for  money.  He  returned 
to  his  own  country  in  1655,  being  about  28  years  of 
age,  and  from  that  time  led  the  life  of  a philofopher. 
Having  fucceeded  to  the  eftate  of  Kinardie  by  the 
death  of  an  elder  brother,  he  lived  there  to  the  end  of 
that  century.  There  all  his  children  were  born,  of 
whom  he  had  thirty-two  by  two  wives, 

Kinardie  is  above  40  Englifh  miles  north  from  Aber- 
deen, and  a few  miles  from  Bamf,  upon  the  river  Di- 
veron.  He  was  a jeft  among  the  neighbouring  gentle- 
men for  his  ignorance  of  what  was  doing  about  his  own 
farm,  but  an  oracle  in  matters  of  learning  and  phllofo- 
phy,  and  particularly  in  medicine,  which  he  had  ftu- 
died  for  his  amufement,  and  begun  to  praclife  among 
his  poor  neighbours.  He  acquired  fuch  a reputation 
in  that  fclence,  that  he  was  employed  by  the  nobility 
and  gentlemen  of  that  county,  but  took  no  fees.  PIls 
hours  of  ftudy  were  fingular.  Being  much  occupied 
through  the  day  with  tliofe  who  applied  to  him  as  a 
phyfician,  he  went  early  to  bed,  rofe  about  two  or 
three  in  the  morning,  and,  after  applying  to  his  ftudies 
for  fome  hours,  \vent  to  bed  again  and  flept  an  hour  or 
two  before  breakfaft. 

He  was  the  firft  man  in  that  country  who  had  a 
barometer ; and  by  fame  old  letters  which  I have 
feen,  it  appeared,  that  he  had  correfponded  with  fome 
philofophers  on  the  continent  about  the  changes  in  the 
barometer  and  in  the  weather,  particularly  with  Ma- 
riotte  the  French  philofopher.  He  was  once  in  danger 
of  being  profecuted  as  a conjurer  by  the  Prefbytery  on 
account  of  his  barometer.  A deputation  of  that  body 
having  waited  upon  him  to  enquire  into  the  ground  of 
certain  reports  that  had  come  to  their  ears,  he  fatisfied 
them  fo  far  its  to  prevent  the  profecutlon  of  a man 
known  to  be  fo  extenfively  ufeful  by  his  knowledge  of 

medicine. About  the  beginning  of  this  century  he 

removed  with  his  family  to  Aberdeen,  and  in  the  time 
of  queen  Anne’s  war  employed  his  thoughts  upon  an 
improvement  in  artillery,  in  order  to  make  the  fhot  of 
great  guns  m.ore  deftrueftive  to  the  enemy,  and  executed 
a model  of  the  engine  he  had  conceived.  I have  con- 
?erfed  with  a clock-maker  in  Aberdeen  who  w'us  em* 


ployed  in  making  this  model ; but  having  made  many 
different  pieces  by  direftion  without  knowing  their  in- 
tention, or  how  they  were  to  be  put  together,  he 
could  give  no  account  of  the  wdiole.  After  making 
fome  experiments  with  this  model,  wdiich  fatisfied  him, 
the  old  gentleman  was  fo  fangulne  in  the  hope  of  being 
ufeful  to  the  allies  in  the  war  againft  France,  that  he 
fet  about  preparing  a field  equipage  with  a view’’  to 
make  a campaign  in  Flanders,  and  in  the  mean  time 
fent  his  model  to  his  fon  the  Savillan  profeffor,  that  he 
might  have  his  and  Sir  Ifaac  Newton’s  opinion  of  it.- 
His  fon  fhewxd  it  to  New'ton,  without  letting  him  know 
that  his  own  father  was  the  inventor.  Sir  Ifaac  w^as 
much  difpleafed  wn’th  it,  faying, that  if  it  tended  as  much 
to  the  prefervation  of  mankind  as  to  their  deftrudtion, 
the  inventor  w'ould  have  defeiwed  a great  rew^ard  ; but 
as  it  w^as  contrived  folely  for  deftru6lion,  and  would 
foon  be  knowm  by  the  enemy,  he  rather  deferved  to  be 
puniihed,  and  urged  the  profeffor  very  ftrongly  to  de- 
ftroy  it,  and  if  poffible  to  llipprefs  the  invention.  It 
is  probable  the  profeffor  followed  this  advice.  He  died 
foon  after,  and  the  model  w’as  never  found. 

When  the  rebellion  broke  out  in  17  ly,  the  old  gen- 
tleman W’ent  a fecond  time  to  Holland,  and  returned 
w’hen  it  w'as  over  to  Aberdeen,  wdiere  he  died  about 
1720,  aged 93. 

He  left  an  hiftorical  manufeript  of  the  Tranfadiions- 
of  his 'own  Time  and  Country,  which  my  father  told 
me  he  had  read. 

I w^as  w’ell  acquainted  with  tw^o  of  this  gentleman’s 
fons,  and  wnth  feveral  of  his  daughters,  befides  my  owm 
mother.  The  facts  abovementloned  are  taken  from 
w’hat  I have  occafionally  heard  from  them,  and  from 
other  perfons  of  his  acquaintance.- 

P.  14.  In  confirmation  of  what  is  fald  in  this  page*, 
that  the  two  broUiers  David  and  James  w^ere  the  firit 
w’ho  taught  the  New^tonian  phllofophy  in  the  Scotcb 
Uiilverfities  ; I have  by  me  a Thejls,  printed  at  Edin- 
burgh in  1690,  by  James  Gregory,  wdio  was  at  that 
time  a profeffor  of  phllofophy  at  St.  Andrews,  and 
fucceeded  his  brother  David  in  the  profelfion  of  mathe- 
matics at  Edinburgh.  In  this  TheJis^  after  a dedication 
to  Vlfcount  Tarbct,  follow  the  names  of  twentv-one  of 
his  fcholars  w’ho  w’cre  candidates  lor  the  degree  of  A. 
M.  then  tw’enty-five  pofitions  or  Thefts.  The  firft 
three  relate  to  logic,  and  the  abufe  of  it  in  the  Arifto- 
telian  and  Carteiian  philofophy.  Fie  defines  logic  to 
be  the  art  of  making  a proper  ufe  of  things  granted,  in 
order  to  find  wdiat  is  fought,  and  thcTefore  admits: only 
two  Categories  in  logic,  viz.  Data  and  d'hc 

remaining  twenty-t^vo  pofitions  are  a compend  of  New- 
ton’s Princlpla.  This  Thtfis,.  as  w^as  the  cullom  at- 
that  time  in  the  Scotch  univerfities,  was  to  be  defended', 
in  a public  difputation,  by  the  candidates,  previous  to 
their  taking  their  degree. 

The  famous  Dr.  Pitcairn  was  a fellow  ftudent  and’ 
Intimate  companion  of  thefe  tw’O  Gregorles,  and  du- 
ring the  vacation  of  the  college  was  wont  to  go  north 
W’ith  them  to  Kinardie,  their  father’ vS  houfe.. 

David  Gregory  was  appointed  a preceptor  to  the  duke 
of  Gloucefter,  queen  A-nne’s  fon;  but  his  entering  upotL 
that  office  was  prevented  by  the  death  of  that  prince  in 
the  eleventh  year  of  his  age. 

P.  19.  D.  Gregory’s  Euclidis  fald  to  have  been  wrot^ 
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in  profecution  of  a defignof  his  predeceffor  Dr,  Bernard, 
of  printing  the  works  of  all  the  antient  mathetnaticians. 
This  defign  ought  to  have  been  afcribed  to  Savile,  who 
left  in  charge  to  the  two  profeifors  of  his  foundation, 
to  print  the  mathematical  works  of  the  antieiits,  and  I 
think  left  a fund  for  defraying  the  expence,  Wallis 
did  fomething  in  confequence  of  this  charge;  Gregory 
and  Halley  did  a great  deal  ; but  I think  nothing  has 
been  done  in  this  defign  by  the  Savilian  profellbrs  fmce 
their  time. 

P.  20.  Befides  what  is  mentioned,  Dr.  Greg6ry  left 
in  manufcript  a Commentary  on  Newton’s  Principia, 
which  Newton  valued,  and  kept  by  him  for  many  .years 
after  the  author’s  death.  It  is  probable -that  in  what 
relates  to  aftronomy,  this  commentary  may  coincide  in 
a great  meafure  with  the  author’s  aftronomy,  which 
indeed  is  an  excellent  Commentary  upon  that  part  of 
•the  Principia. 

P.  24.  This  David  Gregory  publlftied  in  Latin,  a 
very  good  compend  of  arithmetic  and  algebiTi,  with  the 
title  jlrlthmetlcce  et  Algebra  Compendium^  in  UJuni  yuven- 
tutis  Academica.  Edinb.  1736.  He  had  a defign  of 
publifnlng  his  uncle’s  Commentary  on  the  Principia, 
with  extradls  from  the  papers  'left  by  j^ames  Gregory 
his  grand  uncle  ; but  the  expence  being  too  great  for 
his  fortune,  and  he  too  gentle  a folicitor  of  the  aiTift- 
ance  of  others,  the  defign  was  dropped.  His  fon  David, 
yet  alive,  was  matter  of  an  Eaft  India  fhip. 

P.  40.  To  the  projedlors  of  the  fociety  at  Aberdeen, 
ought  to  have  been  added  John  Stewart  profeffor  of 
mathematics  in  the  Marifchal  college  at  Aberdeen.  He 
publifiied  an  explanation  of  two  treatifes  of  Sir  Ifaac 
Newton,  viz,  his  Quadrature  of  Curves,  and  his  Ana- 
lyfis  by  Equations  of  an  infinite  number  of  terms.  He 
was  an  intimate  friend  of  Dr.  Reid’s. 

Another  of  the  firft  members  of  that  fociety  was 
Dr.  David  Skene,  who,  befides  his  eminence  in  the 
practice  of  medicine,  had  applied  much  to  all  parts  of 
natural  hiftory,  particularly  to  botany,  and  was  a cor- 
refpondent  of  the  celebrated  Linnaeus. 

Dr.  John  Gregory  and  Dr.  David  Skene  were  the 
firft  who  attempted  a college  of  medicine  at  Aberdeen. 
'The  firft  gave  leftures  to  his  pupils  in  the  theory  and 
pradice  of  medicine,  and  in  chemiftry  ; thelaft,  in  ana- 
tomy, materia  medica,  and  midwifery,  in  order  to  prepare 
them  for  attending  tiie  medical  college  at  Edinburgh. 

T.  R. 

The  folloavlng  additional  lines  by  Mr.  Janies  Millar,  Pro- 
jyfor  of  Mathematics,  Glajgow, 

Another  inftance  of  the  prevalence  of  mathematical 
'genius  in  the  family  of  Gregory  or  Anderfon,  whether 
produced  by  an  original  and  inexplicable  determination 
of  the  mind,  or  communicated  by  the  force  of  exam- 
ple, and  the  -confeioufnefs  of  an  intirnate  connexion 
with  a reputation  already  acquired  in  a particular  line, 
is  the  celebrated  Dr.  Reid,  profeftbr  of  moral  philofo- 
phy  in  the  imiverfity  of  Glafgo\v  ; a nephew,  by  his 
mother,  of  the  lute  Dr.  David  Gregoiy,  Savilian  pro- 
feftbr at  Oxford. 

This  gentleman,  well  known  to  the  public  by  his 
moral  and  metaphyfical  wu'itings,  and  remarkable  for 
that  liberality,  and  that  ardent  ipirit  of  enquiry,  which 
iieitber  overlooks  nor  undervalues  any  branch  of  fcience,is 


peculiarly  diftinguifired  by  his  abilities  and  proficiency  if! 
mathematical  learning.  The  obje<ft;s  of  literary  purfuit 
are  often  directed  by  accidental  occurrences.  And  ap- 
prelienfion  of  the  bad  confequences  which  might  refult 
from  the  philofophy  of  the  late  Mr,  Hume,  induced 
Dr.  Reid  to  cotnbat  the-do6Irines  of  that  eminent  au- 
thor ; and  produced  a work,  which  has  excited  univer- 
fal  attention,  and  feems  to  have  given  a new  turn  to 
fpeculations'upon  that  fubjeCt.  But  it  is  well  known  to 
Dr.  Reid’s  literary  acquaintance,  that  thefe  exertions 
have  not  diminifiied  the  original  bent  of  his  genius,  nor 
blunted  the  edge  of  his  inclination  for  mathematical  re- 
Tearches  ; wliich,  at  a very  advanced  age,  he  ftill  con- 
ftinuGS  to  profecute  with  a youthful  attachment,  and 
'with  unremitting  affiduity. 

It  may  farther  be  obferved,  of  the  extraordinary  family 
above  mentioned,  that  Dr.  James  Gregory,  the  prefent 
learned  profeftbr  of  phyfic  and  medicine  in  the  univer- 
fity  of  Edinburgh,  is  tire  fon  of  the  late  Dr.  John 
Gregory,  upon  the  memoirs  of  whofe  life  the  above  re- 
marks have  been  written  by  Dr.  Reid  ; the  faid  James 
has  lately  publiftied  a moft  ingenious  work,  intitled, 
Philofopbical  and  Literary  EJfays,  in  2 volumes  8vo, 
Edinb.  1792  ; and  he  feems  to  be  another  w^orthy  in* 
heritant  of  the  fingular  genius  of  his  family% 

. Gregory Vincent),  a very  refpebtable  Elemifii 
geometrician,  was  born  at  Bruges  in  1584,  and  became 
a Jefuit  at  Rome  at  20  years  of  age.  He  ftiidied  ma- 
thematics under  the  learned  Jefuit  Clavius.  He  after* 
■ward  became  a reputable  profeftbr  of  thofe  fciences 
himfelf,  and  his  inftrudlions  W’^ere  folicited  by  feverai 
princes  i he  was  called  to  Prague  by  the  emperor  Fer* 
din  and  the  2d  ; and  Philip  the  4th,  king  of  Spain, 
was  defirous  of  having  him  to  teach  mathematics  to  his 
fon  the  young  prince  John  of  Auftria.  He  was  not 
lefs  eftimable  for  his  virtues  than  his  ftcill  in  the  fciences* 
H is  well-meant  endeavours  were  very  commendable, 
when  his  holy  zeal,  though  for  a falfe  religion,  led  him 
to  follow  the  army  in  Flanders  one  campaign,  to  con- 
fefs  the  wounded  and  dying  foldiers,  in  wdiich  he  re* 
ceived  feverai  wounds  himfelf.  He  died  of  an  apoplexy 
at  Ghent,  in  1667,  at  83  yearn  of  age. 

As  a writer,  Gregory  St.  Vincent  wms  very  diffufe 
and  voluminous,  but  he  was  an  excellent  geometrician* 
He  publiftied,  in  Latin,  three  mathematical  works,  the 
principal  of  which  was  his  Opus  Geometricum  ^ladrc'^ 
tura  Circuit,  et  SeBionum  Coni,  Antwerp,'*  1647,  2 
vol.  folio.  Although  he  has  not  demonftrated,  iit 
this  work,  the  Q^uadrature  of  the  circle,  as  he  pretends 
to  have  done,  the  book  neverthelefs  contains  a great 
number  of  truths  and  important  difeoveries  ; one  of 
which  is  this,  viz,  that  if  one  afymptote  of  an  hyper- 
bola be  divided  Into  parts  in  geometrical  progreffion^ 
and  from  the  points  of  divifion  ordinates  be  drawn  pa- 
rallel to  the  other  afymptote,  they  will  divide  the 
fpace  between  the  afy mptote  and  curve  into  equal  por- 
tions ; from  whence  it  M-as  ftiewn  by  Merfenne,  tha4 
by  taking  the  continual  fiims  of  thofe  parts,  there 
would  be  obtained  areas  in  arithmetical  progreftion-, 
adapted  to  abfeiftes  in  geometrical  progreftion,  and 
which  therefore  were  analogous  to  a fyftem  of  loga* 
rithms. 

GRENADE,  or  Grenado.  See  Granade. 

GREIS,  the  Crane,  one  of  the  new  conftellations,  in 
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t!ie  foutliern  hemiTpKere ; containing,  according  to  Mr. 
Sharp’s  catalogae,  13  liars. 

Grus  is  alio  one  of  the  Arabian  conllellations,  and 
anfwers  to  Our  Ophiucus,  to  which  they  changed  this 
conllellation,  their  religion  prohibiting  them  from  draw- 
ing any  human  figures. 

GRY,  a meafure  containinof  one-tenth  of  a line.  A 
line  is  one-tenth  of  a digit,  and  a digit  is  one-tenth  of 
a foot,  and  a philofophical  foot,  one-third  of  a pendu- 
lum, whofe  diadromes,  or  vibrations,  in  the  latitude  of 
45  degrees,  are  eadi  equal  to  one  fecond  of  time,  or 
one-fixtieth  of  a minute. 

GUARDS,  a name  that  has  been  fometimes  ap- 
plied to  the  two  liars  nearell  the  north  pole  ; being  in 
the  hind  part  of  the  chariot,  at  the  tail  of  Urfa  Minor 
or  little  bear  ; one  of  them  being  alfo  called  the  pole 
liar. 

GUERICKE  (Opto  or  Otho),  counfellor  to  the 
elector  of  Brandenbourg  and  burgomafter  of  Magde- 
bourg,  was  born  in  1602,  and  died  in  1686  at  Ham- 
bourg.  He  was  one  of  the  greatell  philofophers  of  his 
time.  It  was  Guericke  that  invented  the  air-pump  ; 
the  two  brafs  hemifpheres,  which  being  applied  to  each 
other,  and  the  air  exhaulled,  16  horfcs  were  not  able 
to  draw  them  afiinder  ; the  marmoufet  of  glafs  which 
defcended  in  a tube  in  rainy  weather,  and  rofe  again  on 
the  return  of  ferene  weather.  This  lall  machine  fell 
into  difuie  on  the  mvention  of  the  barometer,  efpecially 
after  Huygens  and  Amontons  gave  theirs  to  the  world. 
Guericke  made  ufe  of  his  marmoufet  to  foretell  Itorms  ; 
from  whenrce  he.  was  looked  upon  as  a forcerer  by  the 
people  ; lo  that  the  thunder  having  one  day  fallen  upon 
his  houfe,  and  Ihivered  to  pieces  feveral  machines  which 
he  had  employed  in  his  experiments,  they  failed  not  to 
fay  it  was  a punilhm.ent  from  heaven  that  was  angry 

with  him.- Guericke  was  author  of  feveral  works  in 

natural  philofophy,  the  principal  of  which  was  his  .Sa*- 
perimenta  Magdeburgreay  in  folio,  which  contains  his 
experiments  on  a vacuum. 

GE^ERITE,  in  Fortification,  a centry-box  ; being 
a fmall  tower  of  wood,  or  Hone,  ufually  placed  on  the 
point  of  a baflion,  o-r  on  the  angles  of  the  flioulder,  to 
hold  a centlnel,  who  is  to  take  care  of  the  ditch,  and 
■watch  againil  a furprife. 

GUEULE,  in  Architeflurc.  See  Gula. 

GUINEA,  a gold  coin  ftruck  in  England. The 

value  or  rate  of  the  guinea  has  varied.  It  was  at  firft 
equal  to  20  Ihillings  ; but  by  the  fcarcity  of  gold  it 
was  afterwards  advanced  to  2 l x.  Gd,  ; thoug-h  it  is  now 
funk  to  2 IX. 

The  pound  weight  troy  of  gold  is  cut  into  44  parts 
and  a half,  and  each  part  makes  a guinea,  which  is 
therefore  equal  to  ^35!^)  or  I5OZ,  or  5dwts  q gr. 

This  coin  took  its  name,  Guinea,  from  the  circum* 
llance  of  the  gold  of  which  it  was  firfl  llruck  being 
Brought  from  that  part  of  Africa  called  Guinea,  for 
•which  reafon  alfo  it  bore  the  imprefiion  of  an  ele- 
phant. 

GULA,  Gueule,  or  Gola,  in  Architecture,  a 
wavy  member  whole  contour  refembles  the  letter  S, 
commonly  called  an  Ogee. 

GULBE,  in  Architedlure,  the  fame  as  Gorge. 

GULFj  or  Gulph,  in  Geography,  apart  of  the 


ocean  running  up  into  the  land  through  a narrow  paf- 
fage,  or  ilrait,  and  forming  a bay  within.  As,  the 
Gulf  of  Venice,  or  Adriatic  fea  ; the  Gulf  of  Arabia, 
or  of  Perfia,  which  is  the  Red  Sea  ; the  Gulf  of  Con- 
llantinople,  or  the  Black  Sea  j the  Gulf  of  Mexico; 
See. 

GUN,  a fire-arm,  or  weapon  of  offence,  which  forci- 
bly difeharges  a ball  or  other  matter  through  a cylindri- 
cal tube,  by  means  of  inflamed  gan-pow’’der. 

Tlie  word  Gun  now  includes  moll  of  the  fpecies  of 
fire-arms  ; mortars  and  piflols  being  almoil  the  only 
ones  excepted  from  this  denomination.  They  are  di- 
vided into  great  and  fmall  guns  ; the  former  including 
all  that  are  ufually  called  cannon,  ordnance,  or  artil- 
lery ; and  the  latter  includes  mufquets,  firelocks,  cara- 
bines, mufquetoons,  blunderbufles,  fowling-pieces.  See. 

It  is  not  certainly  knowm  at  what  time  thefe  weapons 
Avere  firft,  invented.  And  though  the  introdudlion  of 
guns  into  the  w^eftern  part  of  the  xyorld  is  but  of  mo- 
dern date,  comparatively  fpeaking  ; yet  it  is  certain 
that  in  fome  parts  of  Afia  they  have  been  ufed  for 
many  ages,  though  in  a very  rude  and  imperfedt  man- 
ner. Philoftratus  fpeaks  of  a city  near  the  river  Hy- 
phafis  in  the  Indies,  which  was  faid  to  be  impregnable, 
and  that  its  inhabitants  were  relations  of  the  gods,  be- 
caufe  they  threw  thunder  and  lightning  upon  their  ene- 
mies ; and  other  Greek  authors,  as  alfo  Quintus  Cur- 
tins, fpeak  of  the  fame  thing  having  happened  to  Alex- 
ander the  Great.  Hence  fome  have  imagined  that 
guns  were  ufed  by  the  eaftern  nations  in  his  time,  while 
others  fuppofe  the  thunder  and  lightning  alluded  to  by 
thofe  authors,  were  only  certain  artificial  fire-works, 
or  rockets,  fuch  as  we  know  are  ufed  in  the  wars  by  the 
Indians  even  iu  the  prefent  day  againft  the  Eur©peans. 
Be  this  however  as  it  may,  it  is  afterted  by  many  mo- 
dern travellets,  that  Guns  were  ufed  in  China  as  far 
back  as  the  year  of  Chrill  85,  and  have  continued  in  ufe 
ever  fince. 

The  firft  hint  of  the  invention  of  Guns  in  Europe,  is 
in  the  works  of  Roger  Bacon,  who  fiouriflied  in  the 
I3tli  century.  In  a treatife  written  by  liim  about  the 
year  1280,  he  propofes  to  apply  the  violent  explofive 
force  of  gun-powder  for  the  deftru6lion  of  armies.  And 
though  it  is  certainly  known  that  the  compofition  of 
gun-powder  is  deferibed  by  Bacon  in  the  faid  work,  yet 
the  invention  has  ufually,  though  improperly,  been  af- 
cribed  to  Bartholdus  Schwartz,  a Gerriian  monk,  who 
it  is  faid  difeovered  it  only  in  the  year  1320;  and  the 
invention  is  related  in  the  following  manner.  Schwartz 
having,  for  fome  purpofe,  pounded  nitre,  fulphur,  and 
charcoal  together,  in  a mortar,  which  be  afterwards 
covered  imperfeflly  with  a ftone,  a fpark  of  fire  acci- 
dentally fell  into  the  mortar,  which  fetting  the  mixture 
on  fire,  the  cxplofion  blew  the  ftone  to  a confiderable 
diftance.  Hence  it  is  probable  that  Schwartz  might 
be  taught  the  fimpleft  method  of  applying  it  in  war ; 
for  it  rather  feems  that  Bacon  conceived  the  manner  of 
ufing  it  to  be  by  the  violent  effort  of  the  flame  uncon- 
fined, and  which  is  indeed  capable  of  producing  afto- 
nifhing  effeefts.  (See  Gunpowder.)  And  the  figure 
and  name  of  mortars  given  to  a fpecies  of  old  artillery, 
and  their  employment,  in  throwing  large  ftone  bullets 
at  an  elevation,  very  much  favour  this  conjecture. 
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Soon  after  the  time  of  Schwartz,  we  find  Guns  com- 
monly iiied  as  inltruments  of  war.  Great  guns  were 
hrft  ufed.  Thefe  were  originally  made  of  iron-bars  fol- 
dered  together,  and  fortified  with  llrong  iron  hoops  or 
rings  ; feveral  of  which  are  ftill  to  be  feen  in  the  Tower 
©f  London,  and  in  the  Warren  at  Woolwich.  Others 
were  made  of  thin  flieets  of  iron  rolled  up  together  and 
hooped;  and  on  particular  emergencies  lome  have  been 
made  of  leather,  and  of  lead,  with  plates  of  iron  or  cop- 
per. Thefe  firfi;  pieces  were  executed 'in  a rude  and 
imperfe£l  manner,  like  the  firll  efiays  of  moft  new  in- 
ventions. Stone  balls  were  thrown  out  of  them,  and  a 
fmall  quantity  of  powder  ufed  on  account  of  their 
weaknefs.  They  were  of  a cylindrical  form,  with- 
out ornamients,  and  were  placed  on  their  carriages  by 
rings. 

When,  or  by  whom  they  were  firfi:  made,  is  uncer- 
tain. It  is  known  however  that  the  Venetians  ufed 
cannon  at  the  fiege  of  Claudia  Jelfa,  now  called  Chiog- 
gia,  in  1366,  which  were  brought  thither  by  two  Ger- 
mans, with  fome  powder  and  leaden  balls  ; as  likewife 
in  their  w^ars  with  the  Genoefe  in  1379.  But  before 
that,  king  Edward  the  3d  made  ufe  of  cannon  at  the 
battle  of  Creffy  in  1346,  and  at  the  fiege  of  Calais  in 
1347.  Cannon  were  employed  by  the  Turks  at  the 
fiege  of  Conllantinople,  then  in  poffeffion  of  the  Chrif- 
' tkns,  in  1394,  and  in  that  of  1452,  which  threw  a 
weight  of  I oolb  ; but  they  commonly  burfi:  at  the  i ft, 
2d,  or  3d  firing.  Louis  the  12th  had  one  call  at 
Tours,  of  the  fame  fize,  which  threw  a ball  from  the 
Baftile  to  Charenton  : one  of  thefe  extraordinary 
cannon  was  taken  at  the  fiege  of  Dieu  in  1546, 
by  Don  John  de  Caftro,  and  is  now  in  the  caftle 
of  St.  Julian  da  Barra,  10  miles  from  Lifbon  ; the 
length  of  is  20  feet  7 inches,  its  diameter  at  the  mid- 
■dle  6 feet  3 inches,  and  it  threw  a ball  of  loolb 
weight.  It  has  neither  dolphins,  rings,  nor  button  ; 
IS  of  an  unufual  kind  of  metal  ; and  it  has  a large 
Indoftan  infcription  upon  it,  which  fays  it  was  call  in 
1400.  V 

Formerly,  cannon  were  dignified  with  uncommon 
names.  Thus,  Lewis  the  12th,  in  1503,  had  12  brafs 
cannon  caft,  of  an  extraordinary  fize,  called  after  the 
names  of  the  12  peers  of  France.  The  Spanifli  and 
Portiiguefe  called  them  after  their  faints.  The  empe- 
ror Charles  the  5th,  when  he  marched  againft  Tunis, 
founded  the  12  apoftles.  At  Milan  there  is  a 70  poun- 
der, called  the  Pimontelle  ; and  one  at  Bois-le-duc, 
called  the  Devil.  A 60  pounder  at  Dover-caftle,  called 
Qaieen  Elizabeth’s  pocket-piftol.  An  80  pounder  in 
the  Tower  of  London,  brought  there  from  Edinburgh- 
caftle,  called  Mounts-meg.  An  80  pounder  in  the 
royal  arfenal  at  Berlin,  called  the  Thunderer.  An  80 
pounder  at  Malaga,  called  the  Terrible.  Two  curious 
4o  pounders  in  the  arfenal  at  Bremen,  called  the  Mef- 
fenger  of  bad  news.  And  laftly  an  uncommon  70 
pounder  in  the  caftle  of  St.  Angelo  at  Rome,  made  of 
the  nails  that  faftened  the  copper-plates  which  covered 
the  ancient  Pantlieon,  with  this  infcription  upon  it, 
Ex  clavis  trabalibus  porticus  Agrippas. 

In  the  beginning  of  the  15th  century  thefe  uncom- 
mon names  were  generally  abolilhed,  and  the  following 
more  univerfal  ones  took  place,  viz, 


IV of  piece 

W f.  of  hally  in  cvjts^  about. 


Names* 

Pounders, 

C’wt. 

Cannon  royal,  or  carthoun, 

48 

90 

Baftard  cannon,  or  1 carthoun, 

36 

79 

Demi-carthoun,  - - 

A 

24 

60 

Whole  culverins. 

m 

18 

50 

Demi-culverins, 

m 

9 

30 

Falcon, 

m 

6 

25 

f largeft  fize 

•• 

8 

18 

Sacker  ordinary 

- 

6 

15 

loweft  fort 

- 

5 

E3 

Bafilifl^ 

- 

48  - 

85  . 

Serpentine 

4 

8 

Afpic 

- 

2 

7 

Dragon 

- 

6 

12 

Syren 

- 

60 

81 

Falconet 

- 

3,  2,  and  I 

15?  5 

Rabinet 

- 

I 

Moyens 

4*' 

10  or  12  oz. 

Thefe  curious  names  of  beafts  and  birds  of  prey 
were  adopted  on  account  of  their  fwiftnefs  in  motion, 
or  of  their  cruelty  ; as  the  falconet,  falcon,  facker,  and 
culverin,  &c,  for  their  fwiftnefs  in  flying ; the  bafi- 
lific,  ferpentine,  afpic,  dragon,  fyren,  &c,  for  their 
cruelty. 

But,  at  prefent,  cannon  take  their  names  from  the 
Aveight  of  their  proper  ball.  Thus,  a piece  that  dif- 
charges  a caft-iron  ball  of  24  pounds,  is  called  a 24 
pounder  ; one  that  carries  a ball  of  12  pounds,  is  called 
a 12  pounder;  and  fo  of  the  reft,  divided  into  the  fol- 
lowing forts,  viz. 

Ship-guns,  confining  in  42,  36,  32,  24,  18,  12, 
9,  6,  and  3 pounders. 

Garrifon-guns,  in  42,  32,  24,  18,  12,  9,  and  6 
pounders. 

Battering-guns,  11124,  and  12  pounders. 

Field-pieces,  in  12,  9,  6,  3,2,  i|,  i,  and|^  pounders. 

Mortars,^  it  is  thought,  have  been  at  leaft  as  ancient 
as  cannon.  They  were  employed  in  the  wars  of  Italy, 
to  throw  balls  of  red-hot  iron,  ftoncs,  &c,  long  before 
the  invention  of  {hells.  Thefe  laft,  it  is  fuppofed,  were 
of  German  invention,  and  the  ufe  of  them  in  war  {hewn 
by  the  following  accident  ; viz,  a citizen  of  Venlo,  at 
a feftival  celebrated  in  honour  of  the  duke  of  Cleves, 
throwinof  a number  of  {hells,  one  of  them  fell  on  a 
houfe  and  fet  it  on  fire,  by  which  misfortune  the  greateft 
part  of  the  town  was  reduced  to  afhes.  The  firft  ac- 
count of  {hells  ufed  for  military  purpofes,  is  in  I435> 
when  Naples  was  befieged  by  Charles  the  8th.  Hif- 
tory  informs  us,  with  more  certainty,  that  {hells  were 
thrown  out  of  mortars  at  the  fiege  of  Wachtendonk,  in 
Guelderland,  in  1588,  by  the  earl  of  Mansfield  ; and 
Cyprian  Lucar  wrote  upon  the  m.ethod  of  filling  and 
throwing  fuch  fhells  in  his  Appendix  to  the  Colloquies 
of  Tartaglia,  printed  at  London  in  1588  ; where  alfo 
the  compounding  and  throwing  of  carcaffes  and  various 
forts  of  fire-works  are  fhewn. 

Mr.  Maker,  an  Englifh  engineer,  firft  taught  th^ 
French  the  art  of  throwing  fhells,  which  they  praclifed 
at  the  fiege  of  Motte  in  1634.  The  method  of  throw- 
ingred-hot  balls  out  of  mortars  was  firft  certainly  put 
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If!  praftice  at  tlie  liege  of  Stralfund  in  1675  ^7 
cledfor  of  Brandenburgh  ; though  feme  fay  in  1653  at 
the  liege  of  Bremen. 

Another  fpecies  of  ordnance  lias  been  long  in  ufe,  by 
the  name  of  Hoivitzerj  which  is  a kind  of  medium  as 
to  its  length,  between  the  cannon  and  the  mortar,  and 
rs  a very  ufeful  piece,  for  difeharging  either  fbells  or 
laige  balls,  which  is  done  either  at  point-blanc,  or  at  a 
- imali  elevation. 

A new  fpecies  of  ordnance  has  lately  lieen  iptrodneed 
b}  the  Canon  company,  and  thence  called  a Carronadc, 

nich  is  only  a veiy  fhort  howitzer,  and  winch  pofTefl'es 
the  advantage  of  being  very  light  and  cafy  to  w’ork. 

d h-e^  ipccies  ot  CtUiis  before  mentioned,  are  now 
made  ciiicliy  of  call  iron  ; except  the  liowitzer,  which 
is  of  brafs,  as  well  as  fome  cannon  and  mortars. 

INIuikets  were  iiiic  lued  at  the  liege  ot  hen'e  in  tlie 
year  ipi.^  The  Spaniards  were  the  firil  who  armed 
part  of  their  foot  with  thefe  weapons.  At  firll  they 
were  very  heavy,  and  could  not  be  ufed  v.  itliout  a relt. 
"I  hey  had  match-locks,  and  did  execution  at  a great 
dillance.  On  tlieir  inarcli  the  loldiers  carried  only  the 
rells  anci  ammunition,  having  boys  to  bear  their  mufleets 
aftci  them.  .Ih.ey  W'cie  very  flow  in  loading,  notonlv 
by  reafon  of  tlie  uiiwieldinels  of  them  pieces,  and  be- 
caufe  they  carried  the  powder  and  ball  feparate,  but 
from  tae  time  it  took  to  prepare  and  adjull  the  match  ; 
ib  that  their  fire  was  not  near  fo  briHc  as  ours  is  iioiv. 
Afterwards  a lighter  match-lock  muiket  came  in  ufe  : 
and  they  carried  their  ammunition  in  bandeliers,  to 
w'hich  were  hung  feveral  little  cafes  of  wood  covered 
with  leather,  each  containing  a charge  of  powder.  I'he 
mulkcts  with  refls  w^ere  ufed  as  late  as  the  beginning  of 
th.e  civil  wars  in  the  time  of  Charles  the  ill.  The 
lighter  kind  fucceeded  them,  and  continued  till  the 
beginning  of  the  prefent  century’,  when  they  alfo  w’ere 
ciilufed,  and  the  troops  throughout  Europe  armed  with 
ill  clocks.  Thefe  are  uliially  made  ofliammered  iron. 
I’or  the  dimenfions,  conllrudlion,  and  practice  of  every 
fpecies  of  Gun,  (See,  fee  the  feveral  articles  Cannon, 
Mortar,  &c.  See  alio  Gunnery. 

GUNNERY,  the  art  of  charging,  directing,  and 
exploding  fire-arms,  as  cannon,  mortars,  muikets,  &:c, 
to  the  bell  advantage. 

O 

Gunnery  is  fometimes  confidered  as  a part  of  the 
military  art,  and  fometimes  as  a part  of  pyrotechny. 
To  the  ait  of  Gunnery  too  belongs  the  knowledge  of 
the  force  and  effect  of  gunpow’der,  the  dimenfions  of 
the  pieces,  and  the  proportions  of  the  pow’der  and  ball 
they  carry,  w'ith  the  m.etliods  of  managing,  eliarging, 
pointing,  fpunging,  S:c.  Alfo  fome  parts  of  Gunnery 
are  brought  under  mathematical  coniideratioii,  Avhich 
among  mathematicians  are  called  abiblutely  by  the  name 
Gunnery,  viz,  the  rules  and  method  of  comjiiiting  the 
range,  elevation,  quantity  of  pew’der,  S:c,  fo  as  to  hit 
a mark  or  objed  propofed,  and  is  more  particularly 
called  Projectiles  ; which  fee. 

History  of  Gunnery. 

l^ong  before  the  invention  of  gunpowder,  and  of 
Gunnery,  properly  fo  called,  the  art  of  artillery,  or  pro- 
jedtiles,  was  adually  in  practice.  For,  not  to  n^j-ntion 
the  ufe  of  fpears,  javelins,  or  Hones  tlirown  with  the 
Band,  or  of  bows  and  arrows,  all  wdiich  are  found 
among  the  nwfl  barbarous  and  ignorant  people,  ac- 
Vox.  I. 


counts  of  the  larger  machines  for  throwing  Hones, 
darts,  &c,  are  recorded  by  the  moH  ancient  WTiters. 
Thus,  one  of  the  kings  of  Judah,  800  years  before  the 
chriH'ian  lera,  ereded  engines  of  w’ar  on  the  towers  and 
Imlwarks  of  Jerufalem,  for  lliootiiig  arrow- s and  grtai 
Hones  for  the  defence  of  that  city.  2 Chron.  xxvi.  ,i  y, 
Much  machines  w’ere  afterwards  knowm  among  the 
Greeks  and  Romans  by  tlie  names  of  BalliHa,  Catapul- 
ta^,  dc,  w'hich  produced  effeds  by  the  adion  of  a fpring 
of  a Hrongh'  twilled  cordage,  formed  of  tough  and 
elallic  auimrd  fiibllanees,  no  lefs  terrible  than  the  artib 
leiy  of  the  moderns.  Such  warlike  inllruments  conli- 
nucdin  ulc  dowm  to  the  12th  and  13th  centuries,  and 
the  ufe  of  bows  Hill  longer  ; nor  is  it  probable  that 
tliey  were  totally  laid  alidc  till  they  were  fuperfeded  hv 
gunpowder  and  the  modern  ordnance. 

I’he  liril  application  of  gunpowder  to  military  af- 
fairs, it  feems,  v/as  made  foun  after  the  year  1300,  for 
W'hich  the  jn-opofal  of  friar  Bacon,  about  the  year 
1280,  for  applying  its  enormous  explofion  to  the  de- 
Itrudion  of  armies,  might  give  the  firll  hint  ; and 
Schwartz,  to  whom  the  invention  of  gunpow'der  lias 
been  erroneoLilly  aferibed,  on  account  of  tlie  accident 
abovementioned  under  the  article  Gun,  might  have 
been  the  firll  w'ho  adually  applied  it  in  this  way,  that 
is  in  F.urope  ; for  as  to  Alla,  it  is  probable  tliat  tlic 
Chlnele  and  Indians  had  fometliing  of  the  kind  many 
ages  before.  Thus,  only  to  mention  the  prolilbitioii 
ot  iire-arms  in  the  code  of  Gentoo  laws,  printed  by  the 
idalt  India  Company  in  1776,  wdiicli  feems  to  confirm 
the  fiifpieion  fuggelled  by  a palTage  in  Qiiintufi  Cur- 
tins, that  Alexander  the  Great  found  fome  weapons  of 
that  kind  in  India  : Cannon  in  the  Shanferit  idiom  is 
called  Hiet-aghnee,  or  the  w'capon  that  kills  a hundred 
men  at  once. 

How’cver,  the  firH  pieces  of  artillery,  whidi  were 
charged  with  gunpoAvder  and  Hone  bullets  of  a prodigious 
lize,  Avere  of  very  clumfy  and  inconvenient  Hructurc 
and  Aveiglit.  Thus,  aa'Iich  Mahomet  the  2d  befieged 
Conllantinople  in  1453,  he  battered  the  Avails  AAUth 
Hones  of  this  kind,  and  Avith  pieces  of  the  calibre  of 
1200  pounds  ; Avhich  could  not  be  fired  more  than  four 
times  a day.  It  Avas  hoAvever  foon  difeoA’ered  that  iron 
bullets,  of  much  lefs  Aveight  than  Hone  ones,  AA'ould  be 
more  efficacious  if  impelled  by  greater  quantities  of 
Hronger  poAvder.  This  occafioned  an  alteration  in  the 
matter  and  form  of  the  cannon,  which  Avere  now'  call  of 
brais.  i hele  Avere  lighter  and  more  manageable  than 
the  former,  at  the  fame  time  that  they  Avere  Hronger  in 
proportion  to  tlieir  bore.  This  change  took  place  about 
the  clofe  of  the  1 5th  century. 

By  this  means  came  Hril  into  ufe  fiich  poAvder  as  is 
noAV  employed  over  all  Europe,  by  varying  the  propor- 
tion of  the  materials.  But  this  change  of  the  propor- 
tion Avas  not  die  only  improvement  it  received.  Tlie 
pradice  of  graining  it  is  doubtlefs  of  confidcrable  ad- 
vantage. At  firH  the  poAvder  had  been  ahvays  ufed  in 
the  form  of  fine  meal,  fuch  as  it  Avas  reduced  to  by 
grinding  the  materials  together.  And  it  is  doubtful 
whether  the  Iirll  graining  of  powder  Avas  intended  to 
increafe  its  Hreiigth,  or  only  to  render  it  more  conve- 
nient for  filling  into  fmall  charges  and  the  charging  of 
fmall  arms,  to  Avhich  alone  it  AA'as  applied  tor  many 
years,  vvhilH  meal-powder  was  Hill  ufed  for  cannon. 
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But  at  lafl  the  additional  llrensrth  which  the  o-rained 

O 

powder  was  found  to  poiTefs,  doubtlefs  from  the  free 
pafTage  of  the  air  between  the  grains,  occafioned  the 
meal-powder  to  be  entirely  laid  afide. 

For  the  lad  200  years,  the  formation  of  cannon  has 
been  very  little  improved  ; the  bed  pieces  of  modern 
artillery  differing  little  in  their  proportions  'from  thofe 
iifed  in  the  time  of  Charles  the  5th.  Indeed  lighter 
and  diorter  pieces  have  been  often  propofed  and  tried  ; 
but  though  they  have  their  advantages  in  particular 
cafes,  it  is  agreed  they  are  not  fufficient  for  general 
(ervice.  Yet  the  fize  of  the  pieces  has  been  much  de- 
crealed  ; the  fame  purpofes  being  now  accompliflied, 
f)y  imaller  pieces  than  what  vrere  formerly  thought  ne~ 
ceffary.  Thus  the  battering  cannon  now  approved,  are 
thofe  that  formerly  were  called  demi  cannon,  carrying 
a ball  of  24  pounds  weight  ; this  weight  having  been 
found  fully  fufficient.  The  method  alfo  of  making  a 
breach,  by  iird  cutting  off  the  whole 'wall  as  low  as 
podible  before  its  upper  part  is  attempted  to  be  beaten 
down,  feems  to  be  a confiderable  modern  improvement 
in  the  pradfical  part  of  gunnery.  But  the  m.od  confi- 
derable improvement  in  the  pradlice,  is  the  method  of 
firing  with  fmall  quantities  of  powder,  and  elevating  the 
piece  but  a little,  fo  that  the  bullet  may  juft  go  clear  of 
the  parapet  of  the  enemy,  and  drop  into  their  works, 
called  ricochet  firing  ; for  by  this  means  the  ball,  com- 
ing to  the  ground  at  a fmall  angle,  and  with  a fmall 
velocity,  does  not  bury  itfelf,  but  bounds  or  rolls  along 
a great  way,  deftroying  all  before  it.  This  method  was 
firft  practifed  by  M.  Vauban  at  the  fiege  of  Aeth,  in 
the  year  1692.  A practice  of  this  kind  was  fuccefs- 
fully  ufed  by  the  king  of  Pruffia  at  the  battle  of  Rof- 
bach  in  Ue  had  fevcral  fix-inch  mortars,  made 

wdth  trunnions,  and  mounted  on  travelling  carriages, 
which  were  fired  obliquely  on  the  enemy’s  lines,  and- 
among  their  horfe.  Thefe  being  charged  with  only 
8 ounces  of  powder,  and  elevated  at  one  degree  and  a 
quarter,  did  great  execution  ; for  the  Ihells  rolling  along 
the  lines  with  burning  fufes  made  the  ftoiiteft  of  the 
enemy  not  wait  for  their  burfting. 

The  life  of  fire-arms  was  however  longr  known  before 
any  theory  of  projedliles  was  formed.  The  Italians 
were  the  firft  people  that  made  any  attempts  at  the  theory, 
which  they  did  about  the  beginning  of  the  i6th  cen- 
tury, and  anlongft  them  it  feems  the  firft  who  wrote- 
profeffedly  on  the  flight  of  cannon  ftiot,  was  Nicholas 
Tartalia,  of  Brefcia,  the  fame  author  who  had  fo  creat 
a fhare  in  the  invention  of  the  rules  for  cubic  equations,. 
In  1537  he  publiflied,  at  Venice,  his  Nova  Scienila, 
and  in  1546  his  iff  Inventioni  d'lverji^  in  both 

which  he  treats  profeffedly  on  thefe  motions,  as  well  as 
in  another  work,  tranfiated  into  Englifh  with  additions 
by  Cyprian  Lucar,  under  the  title  of  Colloquies  con- 
cerning the  Art  of  Shooting  in  great  and  fmall  Pieces  of 
Artillery,  and  publiihed  at  London  in  1588.  He  de- 
termined, that  the  greateft"  range  of  a (hot  was  when, 
difeharged  at  an  elevation  of  45°  : and  heafferted,  con- 
trary to  the  opinion  of  his  contemporaries,  that  no  part 
of  the  path  deferibed  by  a ball  is  a right  line  ; although, 
the  curvature  in  the  firft  part  of  it  is  fo  fmall,  that  it, 
need  not  be  attended  to.  He  compared  it  to  the  fur- 
face  of  the  fea ; which,  though  it  appears  to  be  a 
plane,  is  yet  doubtlefs  incurvated  round  the  centre  of 


the  earth.  He  fays  he  invented  the  gunner’s  quadrant, 
for  laying  a piece  of  ordnance  at  any  point  or  degree  of 
elevation  ; and  though  he  had  but  little  opportunity  of 
acquiring  any  praflical  knowledge  by  experiments,  he 
yet  gave  fiirewd  gueffes  at  the  event  of  fome  untried 
methods. 

The  philofophers  of  thofe  times  alfo  took  part  in  the 
queftions  ai  iling  upon  this  fubjedl ; and  many  difputes 
on  motion  were  held,  efpecially  in  .Italy,  which  conti- 
nued till  the  time  of  Galileo,  and  probably  gave  rife  to 
his  celebrated  Dialogues  on  Motion.  Thefe  were  not 
publiihed  till  the  year  1638  ; and  in  the  interval  there 
were  pubhilied  many  theories  of  the  motion  of  m.ilitary 
projectiles,  as  well  as  many  tables  of  their  comparative 
ranges  ; though  for  tlie  molt  part  very  fallacious,  and 
inconfiftent  with  the  motions  of  thefe  bodies. 

It  is  remarkable  however  that,  during  thefe  contefts, 
fo  few  of  thofe  who  were  mtrufted  with  the  care  of  ar- 
tillery, thought  it  worthwhile  to  bring  their  theories  to 
the  tell  of  experiment.  Mi\  Robins  informs  us,  in 
the  pr-eface  to  his  New  Principles  of  Gunnery,  that  he 
had  met  with  no  more  than  four  authors  who  had  treat- 
ed experimentally  on  this  fubjeCt.  The  firft  of  thefe  is 
Collado,  in  1642,  who  has  given  the  ranges  of  a fal- 
conet, carrying  a three-pound  fliot,  to  every  point  of 
the  gunner’s  quadrant,  each  point  being  the  12th  part, 
or  7°  and  a half.  But  from  his  numbers  it  is  manifeft 
that  the  piece  was  not  chai'ged  with  its  ufual  allotment 
of  powder*.  The  refult  of  his  trials  fnews  the  ranges  at 
the  point-blanc,  and  the  feveral  points  of  elevation,  as 
below. 
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fell  very  near  the  piece. 

The  next  was  by  Wm.  Bourne,  in  1643,  in  his  Nrt  of  ' 
Shooftn^n  Great  Ordnance.  His  elevations  were  not  re- 
gulated by  the  points  of  the  Gunner’s  quadrant,  but  by 
degrees  ; and  he  gives  the  proportions  between  the- 
ranges  at  different  elevations  and  the  extent  of  the  point-, 
blanc  flrot,  thus  : if  the  extent  of  the  point-blanc  fhot 
be  reprefented  by  i,  then  the  proportions  of  the  ranges  , 
at  feveral  elevations  will  be  as  below,  viz.. 
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which  greateft  random,  he  fays,  in  a calm  day  is  at  42® 
elevation  ; but  according  to  the  ilrength  of  the  wind, 
and  as  it  favours  or  oppofes  the  flight  of  the  fliot,  the 
elevation  may  be  from  45°  to  36°. — He  does  not  fay 
with  what  piece  he  made  his  trials  ; though  from  his 
proportions  it  feems  to  have  been  a fmall  one.  This 
however  ought  to  have  been  mentioned,  as  the  relation 
between  the  extent  of  different  ranges  varies  extremely 
according  to  the  velocity  and  denflty  of  the  bullet. 

After  him,  Eldred  and  Anderfon,  both  Englifhmen, 
alfo  publifhed  treatifes  on  this  fubjeff.  The  former  of 
thefe  was  many  years  gunner  of  Dover  Caflle,  where 
mofl:  of  his  experiments  were  made,  the  earlielt  of 
^^hic]l  are  dated  in  1611,  though  liis  book  was  not 
publifhed  till  1646,  and  was  intitled  T/:e  Gunner's 
Glnfs,  His  principles  were  fufficiciitly  Ample,  and 
within  certain  limits  very  near  the  truth,  though  they 
were  not  rigoroufly  fo.  He  has  given  tlie  aftual 
ranges  of  different  pieces  of  artillery  at  fmall  eleva- 
tions, all  under  10  degrees.  His  experiments  are  nu- 
merous, and  appear  to  be  made  with  great  care  and 
caution  ; and  he  has  honeltly  fet  down  fome,  which 
were  not  reconcilable  to  his  method  : upon  the  whole 
he  feems  to  have  taken  more  pains,  and  to  have  had  a 
jufter  knowledge  of  his  bahnefs,  than  is  to  be  found  in 
mofl  of  his  pradfical  brethren. 

Galileo  printed  his  Dialogues  on  Motion  in  the  year 
1646.  In  thefe  he  pointed  out  the  general  laws  ob- 
ferved  by  nature  in  the  producfion  and  compofitlon  of 
motion,  and  was  the  hrll  who  deferibed  the  action  and 
effedfs  of  gravity  on  falling  bodies  ; on  thefe  principles 
he  determined,  that  the  flight  of  a cannon-fliot,  or  of 
any  other  projedlile,  would  be  in  the  curve  of  a para- 
bola, unlefs  fo  far  as  it  fhould  be  diverted  from  that 
track  by  the  rehiiance  of  the  air.  He  alfo  propofed 
the  means  of  examining  the  inequalities  \\’hich  arlfe 
from  thence,  and  of  difeovering  what  fenfible  effedfs 
that  refillance  would  produce  in  the  motion  of  a bullet 
at  fome  given  diitance  from  tlie  piece. 

Notwithilanding  thefe  determinations  and  hints  of 
Gal  leo,  it  feems  that  thofe  who  came  after  him  never 
imagined  that  it  was  neceffary  to  conlider  how  far  the 
operations  of  Gunn-ery  were  aftected  bv  this  rciillance. 
Inflead  of  this,  they  boldly  aflerted,  without  makiiy 
the  experiment,  that  no  great  variation  could  a-rilc 
from  the  rehiiance  of  the  air  in  the  flight  of  ihells  or 
cannon  fhot.  In  tins  perfuahon  they  fiipjiorted  them- 
felves  clnefly  by  cenhdering  the  extreme  u^ty  of  the 
air,  compared  with  thofe  denie  and  ponderous  bodies  ; 
and  at  lad  it  became  an  almoil  generally  eflablilhed 
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maxim,  that  the  fli'T-ht  of  thefe  bodies  was  nearly  in  the 
curve  of  a parabola. 

ddius,  Robert  Anderfon,  in  liis  Genuine  Ufe  and 
J'.Jjecis  of  the  Giinney  jnibhrned  in  1674,  and  again  in  Ins 
book.  To  hit  a Marhy  in  1690,  relates  a great  many 
experiments;  but  proceeding  on  the  principles  of  Gali- 
leo, he  ftrenuoufly  alferts  tliat  the  flight  of  all  bullets  is 
in  the  curve  of  a parabola  ; undertaking  to  anfwer  all 
objedlions  that  could  be  brought  to  the  cvnitrary.  The 
fame  thing  was  alfo  undertaken  by  Blondel,  in  his  Art 
■ de  jelier  Ics  BondeSy  jniblilhed  in  1683;  where,  after 
long  difeufiion,  he  concludes,  that  the  variations  from 
the  air’s  rehiiance  are  fo  flight  as  not  to  deferve  any  no- 
tice. The  fame  fubject  is  treated  of  in  the  Philof. 


Tranh  N°  216,  p.  68,  by  Dr.  Halley  ; who  alfo, 
fwayed  by  the  very  great  difproportion  between  the 
denflty  of  the  air  and  that  of  iron  or  lead,  thought  it 
reafonable  to  believe  that  the  oppohtion  of  the  air  to 
large  metal-fhot  is  fcarcely  difcernible ; although  in 
fmall  and  light  fhot  he  owns  that  it  muft  be  accounted 
for. 

But  though  this  hypothehs  went  on  fmoothly  in  fpe- 
culation  ; yet  Anderfon,  wdio  made  a great  number  of 
trials,  found  it  impoflible  to  fupport  it  without  fome 
new  modiheation.  For  though  it  does  not  appear  that 
he  ever  examined  the  comparative  ranges  of  either  can- 
non or  mufleet  fhot  when  hred  with  their  ufual  veloci- 
ties, yet  his  experiments  on  the  ranges  of  fliells  thrown 
with  velocities  that  were  but  fmall,  in  comparifon  of 
thofe  above  mentioned,  convinced  him  that  their  whole 
track  was  not  parabolical.  But  inflead  of  making  the 
proper  inferences  from  hence,  and  concluding  that  the 
rehiiance  of  the  air  was  of  conhderable  efficacy,  he 
framed  a new  hypothehs  ; which  was,  that  the  fliell  or 
bullet  at  its  hrft  dilcharge  flew  to  a certain  dillance  in 
a right  line,  from  the  end  of  which  line  only  it  began 
to  deferibe  a parabola  : and  this  right  line,  which  he 
calls  the  line  of  the  impulfe  of  the  hire,  he  fuppofes  is 
the  fame  for  all  elevations.  80  that,  by  afligning  a. 
pi'oper  length  to  this  line  of  impulfe,  it  was  always  in 
his  power  to  reconcile  any  two  Ihots  made  at  any  two 
different  ancrles  ; though  the  fame  method  could  not 
fucceed  with  three  fhots  ; nor  indeed  does  he  ever  in- 
form us  of  the  event  of  his  experiments  when  three 
ranges  were  tried  at  one  time. 

But  after  the  publication  of  Newton’s  Principia,  it 
might  have  been  expefted,  that  the  defecls  of  the  theory 
wmiild  be  aferibed  to  their  true  caufe,  which  is  tlie  great 
rehiiance  of  tlie  air  to  fuch  fwift  motions ; as  in  that  work 
he  particularly  conhdered  the  fubjtdl  of  Inch  motions., 
and  related  the  refult  of  experiments,  made  on  flow  mo* 
tions  at  lead  ; by  which  it  appeared,  that  in  fuch  mo- 
tions the  rehiiance  increafes  as  the  Iquare  of  the  veloci- 
ties, and  he  even  hints  a fufjiicion  that  it  will  increafe 
above  that  law  in  fwifter  motions,  as  is  now  known  to 
be  the  cafe.  So  far  however  were  thofe  who  treated 
this  fubjedt  fcientihcally,  from  making  a proper  allow- 
ance for  the  rehiiance  of  the  atmofjihere,  that  they  flill 
negledled  it,  or  rather  oppofed  it,  and  their  theories 
Hill  differed  moll  egrtgiinilly  from  the  truth.  Huy- 
gens alone  feems  to  liave  attended  to  this  principle  : for 
in  the  year  1690  he  publilhed  a tixatife  on  gravity,  111 
which  he  gave  an  account  of  fome  experiments  tending 
to  prove  that  the  track  of  all  prt  jedliles,  moving  witli 
very  fwift  motions,  was  w iriely  d/fferent  from  that  of  a 
parabola.  The  rell  of  the  learned  generally  accpiiefccd 
in  the  juflnefs  and  fufficiency  of  Galileo’s  doctrine,  and 
accordingly  very  erroneous  calculations  concerning  tlie 
ranges  of  cannon  were  given.  Nor  was  any  farther 
notice  taken  of  thefe  errors  till  the  year  1716,  at 
which  time  Mr.  Reffons,  a French  officer  of  artillery, 
of  great  merit  and  experience,  gave  in  a memoir  to  the 
Royal  Academy,  importing  that,  “ although  it  tvas 
agreed  that  theory  joined  whth  pradtice  did  conlliiute 
the  perfedlion  of  every  art ; yet  experience  had  taught 
him  that  theory  was  of  very  little  fervice  in  the  ufe  of 
mortars  : That  the  works  of  M.  Blondel  had  jullly 
enough  deferibed  the  feveral  parabolic  lines,  according 
4 C 2 to 
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to  the  difFerent  degrees  of  the  elevation  of  the  piece  ; 
but  that  practice  had  convinced  him  there  was  no 
theory  in  the  efietd  of  gunpowder  ; for  having  endea- 
voured, with  the  greateil  precihon,  to  point  a mor- 
tar according  to  thefe  calculations,  he  had  never  been 

able  to  eftablifh  any  folid  foundation  upon  them.” 

One  inftance  only  occurs  in  which  D.  Bernoulli  ap- 
plies the  doclrine  of  Newton  to  the  motions  of  pro- 
jectiles, in  the  Com.  Acad.  Petrop.  tom.  2,  pa.  338 
See.  Befides  which  nothing  farther  was  done  in  this 
buhnefs  till  the  time  of  Mr.  Benjamin  Robins,  who 
publifned  a treatife  in  1742,  intitled  Ne-zu  Principles  of 
Gunnery^  in  which  be  treated  particularly,  not  only  of 
the  relillance  of  the  atrnofphere,  but  alfo  of  the  force 
of  gunpowder,  the  nature  and  effeCts  of  different  guns, 
and  alniolt  every  thing  elfe  relating  to  the  flight  of  mi- 
litary projectiles  ; and  indeed  he  carried  the  theory  of 
gunnery  nearly  to  its  utmofl  perfection. 

The  flrft  thing  confidered  by  Mr.  Robins,  and  which 
is  indeed  the  foundation  of  all  other  particulars  relating 
to  Gunnery,  is  the  explofive  force  of  gunpowder.  M.  De 
la  Hire,  in  the  Hifl.  of  the  Acad,  of  Sciences  for  the  year 
1702,  fuppofed  that  this  force  may  be  owing  to  the 
increafed  elafticity  of  the  air  contained  in,  and  between 
the  grains,  in  confequence  of  the  heat  and  Are  pro- 
duced at  the  time  of  the  explofion  : a caiife  not  ade- 
quate to  the  200th  part  of  the  effeCt.  On  the  other 
hand,  Mr.  Robins  determined,  by  irrefragable  experi- 
ments, that  this  force  was  owing  to  an  elaflic  fluid, 
flmilar  to  our  atrnofphere,  exifting  in  the  powder  in  an 
extremely  condenfed  ftate,  which  being  fuddenly  freed 
from  the  powder  by  the  combuftion,  expanded  with  an 
amazing  force,  and  violently  impelled  the  bullet,  or 
whatever  may  oppofe  its  expaiifion. 

The  intennty  of  this  force  of  exploded  gunpowder 
Mr.  Robins  afeertained  in  different  ways,  after  the  ex- 
ample of  Mr.  Hawkfbee,  related  in  the  Philof.  Tranf. 
N®  297,  and  his  Phyfico-Mechan.  Exper.  pa.  81.  One 
of  thefe  is  by  firing  the  powder  in  the  air  thus : A 
Imall  quantity  of  the  powder  is  placed  in  the  upper  part 
of  a glafs  tube,  and  the  lower  part  of  the  tube  is  im- 
merged  in  water,  the  water  beinp-  made  to  rife  fo  near 
the  top,  that  only  a fmall  portion  of  air  is  left  in  that 
part  where  the  powder  is  placed  ; then  in  this  fituation 
the  communication  between  tlie  upper  part  of  the  tube 
and  the  external  air  being  clofecl,  the  powder  is  fired 
by  means  of  a burning  glafs,  or  otherwife  ; the  water 
defeends  upon  the  explofion,.  and  flands  lower  in  the 
tube  than  before,  by  a fpace  proportioned  to  the  epran- 
tity  of  powder  fired. 

Another  way  was  by  fi.ring  tlie  powder  in  vacuo,  viz, 
in  an  exhaufted  receiver,  by  dropping  the  grains  of 
powder  upon  a hot  iron  included  in  the  receiver.  By 
this  means  a permanent  elaftic  fluid  was  generated  from 
the  fired  gunpowder,  and  the  quantity  of  it  wuis  always 
in  proportion  to  the  quantity  of  powder  that  was  ufed, 
as  was  found  by  the  proportional  linking  of  the  mercu- 
rial gage  annexed  to  the  air  pump.  The  refult  of  thefe 
experiments  was,  that  the  weight  of  the  elaflic  air  thus 
generated,  was  equal  to  -%  of  the  compound  mafs  of 
the  gunpowder  which  yielded  it ; and  that  its  bulk, 
when  cold  and  expanded  to  the  rarity  of  common  at- 
rr.ofpheric  air,  was  about  240  times  the  bulk  of  the 
powder;  and  coiiicquently  in  the  fame  proportion 


would  fuch  fluid  at  firft,  if  it  were  cold,  exceed  the 
force  or  elafticity  of  the  atrnofphere.  But  as  Mr, 
Robins  found,  by  another  ingenious  experiment,  that 
air  heated  to  the  extreme  degree  of  the  white  heat  of 
iron,  has  its  elafticity  quadrupled,  or  is  4 times  as 
ftrong  ; he  thence  inferred  that  the  force  of  the  elaftic 
air  generated  as  above,  at  the  moment  of  trie  explofion, 
is  at  leaft  4 times  240,  or  960,  or  in  round  numbers 
about  1000  times  as  ftrong  as  the  elafticity  or  preffure 
of  the  atrnofphere,  on  the  fame  fpace. 

Having  thus  determined  the  force  of  the  gunpowdeiv 
or  inteiiflty  of  the  agent  by  which  the  projectile  is  to- 
be  urged,  Mr.  Robins  next  proceeds  to  determine  the 
effedts  it  will  produce,  or  the  velocity  with  which  it 
will  impel  a fhot  of  a given  weight  from  a piece  of  ord- 
nance of  given  dimenfions  ; which  is  a problem  ftiiclly 
limited,  and  perfeGly  foluble  by  mathematical  riiies, 
and  is  in  general  this  : Given  the  firft  force,  and  the 
law  of  its  variation,  to  determine  the  velocity  with 
which  it  will  impel  a given  body  in  paffing  through  a 
given  fpace,  which  is  the  length  of  the  bore  of  the  gun. 

In  the  folution  of  this  problem,  Mr.  Robins  affumes 
thefe  two  poftulates,  viz,  i,  That  the  aAion  of  the 
powder  on  the  bullet  ceafes  as  foon  as  the  bullet  is  out 
of  the  piece  ; and  2d,  That  all  the  powder  of  the 
charge  is  fired  and  converted  into  elaftic  fluid  before 
the  bullet  is  fenfibly  moved  from  its  place  : affumptions 
which  for  good  reafons  are  found  to  be  in  many  cafes 
very  near  tlie  truth.  It  is  to  be  noted  alfo,  that  the 
law  by  which  the  force  of  the  elaftic  fluid  varies,  is 
this,  viz,  that  its  iiitenfity  is  diredlly  as  its  denfity,  or 
reciprocally  proportional  to  the  fpace  it  occupies,  being 
fo  much  the  ftrongcr  as  the  fpace  is  iefs  ; a principle 
well  known,  and  common  to  all  elaftic  fluids.  Upon 
thefe  principles  then  Mr.  Robins  refolves  this  problem, 
by  means  of  the  39th  prop,  of  Newton’s  Principia  in  a 
direft  way,  and  the  refult  is  equivalent  to  this  theorem, 
when  the  quantities  are  exprefled  by  algebraic  fymbols^ 
viz,  the  velocity  of  the  ball 
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where  -u  is  the  velocity  of  the  ball, 

a the  length  of  the  charge  of  powder, 

h the  whole  length  of  the  bore, 

c the  fpec.  grav.  of  the  ball,  or  wt.  of  a cubic  foofi.' 

of  the  Tame  matter  in  oimceS’,- 
d the  diam.  of  the  bore, 
nv  the  wt.  of  the  ball  in  ounces. 
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per  fecond,  the  velocity  of  the  ball. 
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feet,  as  before. 

Having  in  tliis  propofition,  fays  Mr.  Robins, 
flicwn  how  the  velocity,  which  anv  bullet  acquires  from 
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the  force  of  powder,  may  be  computed  upon  the  prin- 
ciples of  the  theory  laid  down  in  the  preceding  propo- 
rtions ; we  fliall  next  fliew,  that  the  actual  velocities, 
with  which  bullets  of  different  magnitudes  are  impelled 
from  different  pieces,  with  different  quantities  of  pow- 
der, are  really  the  fame  with  the  velocities  afligned  by 
thefe  computations  ; and  confequently  that  this  theory 
of  the  force  of  powder,  here  delivered,  does  imqueftion- 
ably  afcertain  the  true  adlion  and  modiiicatlon  of  this 
enormous  porver. 

But  in  order  to  compare  the  velocities  communi- 
cated to  bullets  by  the  explofion  with  the  velocities  re- 
fultlng  from  the  theory  by  computation  ; it  Is  necef- 
fary  that  the  adiual  velocities  with  which  bullets  move, 
ffiould  be  capable  of  being  difeovered,  which  yet  Is  im- 
poffible  to  be  done  by  any  methods  hitherto  made  pub- 
lic. The  only  means  hitherto  pradlifed  by  others  for 
that  purpofe,  have  been  either  by  obferving  the  time  of 
the  flight  of  the  fhot  through  a given  fpace,  or  by 
meafuring  the  range  of  the  (hot  at  a given  elevation  ; 
and  thence  computing,  on  the  parabolic  hypothefls, 
what  velocity  would  produce  this  range.  The  firll 
method  labours  under  this  Infiirmountable  difficulty, 
that, the  velocities  of  thefe  bodies  are  often  fo  fwift, 
and  confequently  the  time  obferved  Is  fo  fliort,  that  an 
imperceptible  error  in  that  time  may  occafion  an  error 
in  the  velocity  thus  found,  of  2,  3,  4,  5,  or  600  feet  In 
a fecond.  The  other  method  is  fo  fallacious,  by  reafon 
of  the  refiftance  of  the  air  (to  which  inequality  the  flrff 
is  alfo  liable),  that  the  velocities  thus  afligned  may  not 
be  perhaps  the  loth  part  of  the  adlual  velocities 
fought.  , „ 

“To  remedy  then  thefe  inconveniences-,  I have  in- 
vented a new  method  of  finding  the  real  velocities  of 
bullets  of  all  kinds  ; and  this  to  fuch  a degree  of  ex- 
adfnefs  (wTich  may  be  augmented  too  at  pleafure), 
that  in  a bullet  moving  wn'th  a velocity  of  1700  feet  in 

the  error  in  the  eflimatlon  of  It  need  never  amount 
to  its  500th  part  ; and  this  without  any  extraordinary 
nicety  in  the  conffructio-n  of  the  machine.” 

Mr.  R.obins  then  gives  an  account  of  tlie  machine 
by  which  lie  meafures  the  velocities  of  the  balls,  w'hich 
machine  is  Amply  this,  viz,  a pendulous  block  of  wood 
fufpended  freely  by  a horl/mntal  axis,  againff  wTich 
block  are  to  be  fired  the  balls  whofe  velocities  are  to  be 
determined. 

“ This  inllriiment  thus  fitted,  if  the  weight  of  the 
pendulum  be  known,  and  likew'Ife  the  refpeftlve  dlflan- 
ces  of  its  centre  of  gravity,  and  of  Its  centre  of  ofcilla- 
tion,  from  its  axis  of  fufpenfion.  It  will  thence  be  known 
what  m.otlon  will  be  communicated  to  this  pendulum 
by  the  percuffion  of  a body  of  a known  w’eight  moving 
with  a known,  degree  of  celerity,  and  ffriking  it  In  a 
given  point  ; that  is,  if  the  pendulum  be  fuppofed  at 
reft  before  the  percuffion,  it  will  be  knowm  what  vibra- 
tion it  ought  to  make  in  confequence  of  fuch  a deter- 
mined blow  ; and,  on  the  contrary,  if  the  pendulum, 
being  at  reft,  is  ftruck  by  a body  of  a known  weight, 
and  the  vibration,  which  the  pendulum  makes  after  the 
blowq  is  known,  the  velocity  of  the  ffriking  body  may 
from  thence  be  determined. 

“ Hence  then.  If  a bullet  of  a knowm  weight  ftrlkes 
the  pendulum,  and  the  vibration,  which  the  pendulum 
makes  in  confequence  of  the  ftroke,  be  afeertained 


the  velocity  with  which  the  ball  moved,  is  thence  to  be' 
knowm.” 

Mr.  Robins  then  explains  his  method  of  computing 
velocities  from  experiments  wuth  this  machine  ; which 
method  is  rather  troublefome  and  ^Jerplexed,  as  well  as 
the  rules  of  Euler  and  Antoni,  who  followed  him  in 
this  bufmefs,  but  a much  fimpler  rule  is  given  in  my 
Tradfts,  vol.  I,  p.  1 1 9,  where  fuch  experiments  are  ex- 
plained at  full  length,  and  this  rule  is  expreffed  by 
either  of  the  two  followung  formulas, 
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velocity  ; where  v denotes  the  velocity  of  the  ball  wdien 
it  ftrikes  the  pendulum,  p the  wmight  of  the  pendulum, 
h the  weight  of  the  ball,  c the  chord  of  the  arc  deferibed 
by  the  vibration  to  the  radius  r,  g the  dillance  below 
the  axis  of  motion  to  the  centre  of  gravity,  0 the  dii- 
tance  to  the  centre  of  oicillatlon,  i the  diftance  to  the 
point  of  Impact,  and  n the  number  of  ofcillatlons  thc= 
pendulum  will  perform  in  one  minute,  when  made  tO‘ 
ofcillate  in  fmall  arcs.  The  latter  of  thefe  twm  theorems- 
is  much  the  eafieft,  both  becaufe  It  is  free  of  radicals,.- 
and  becaufe  the  value  of  the  radical  In  the  former, 
is  to  be  firft  computed  from  the  number  w,  or  number 
of  ofcillatlons  the  pendulum  is  obferved  to  make. 

With  fuch  machines  Mr.  Robins  made  a great  num-- 
ber  of  experiments,  with  mufleet  barrels  of  different 
lengths,  with  balls  of  various  w^eights,  and  with  diff'e-- 
rent  charges  or  quantities  of  powder.  He  has  fet 
dowm  the  refults  of  61  of  thefe  experiments,  which 
nearly  agree  with  the  correfponding  velocities  as  com- 
puted by  his  theory  of  the  force  of  powder,  and  which 
therefore  eftablilh  that  theory  on  a fure  foundation. 


From  thefe  experiments,  as  well  as  from  the  preceding' 
theory,  many  Important  conclufions  were  deduced  by 
Mr.  Robins;  and  indeed  by  means  of  thefe  it  is  ob- 
vious that  every  thing  may  be  determined  relative  both 
to  the  true  theory  of  projedtiles,  and  to  the  praclice  of 
artillery.  For,  by  firing  a piece  of  ordnance,  cliarged 
in  a fimilar  manner,  againff  fuch  a balhffic  pendulum- 
from  different  diffanccs,  the  velocity  loft  by  pafiing 
through  fuch  fpaces  of  air  will  be  found,  and  conle- 
cjuently  the  refiftance  of  the  air,  the  only  circuinilaiice 
that  was  wanting  to  complete  the  theory  of  (nunnery, 
or  military  projedfiles  ; and  of  this  kind  I fiavc  fince 
made  a great  number  of  experiments  with  cannon  balls, 
and  have  thereby  obtained  the  whole  fories  of  refiff- 
ances  to  fuch  a ball' wdien  moving  wdth  every  degree  of 
velocity',  from  o up  to  2000  feet  per  fecond  of  time. 
In  the  llrudLure  of  artillery,  they'-  may'"  llkewife  be  of 
the  greateft  ufe  : For  hence  may  be  determined  the 
bell  lengths  of  guns  ; the  proportions  of  the  fhot  and 
pow'dpr  to  the  feveral  lengths  ; the  rhicknefs  of  a piece,, 
fo  as  it  may'  be  able  to  confine,  wdthout  burftiug,  any' 
given  charge  of  pow'der  ; as  alfo  the  effedl  of  wads, 
chambers,  placing  of  the  vent,,  ramming  the  pow'der, 
See.  For  the  many  other  curious  circumftanccs  relat-- 
ing  to  this  fubjedl,  and  the  various  other  improvements 
in  the  tlieory  and  practice  of  Gunnery,  made  by 
Mr.  Robins,  confult  the  firft  vol.  of  liis  Tradts,  collcdi- 
ed  and  publlftied  by'  Dr.  Wilfon,  In  the  y'ear  1761, 
where  ample  information  may  be  found. 

Soon  after  the  firft  publication  of  Robins’s  New 
Principles  of  Gunnery,  in  1742,  the  learned  in  feveraU 
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other  nations,  treading  in  his  fteps,  repeated  and  farther 
extended  the  fame  fubjedl,  fometiraes  varying  and  en- 
iarging  the  machinery  ; particularly  Euler  in  Germany, 
D’ Antoni  in  Italy,  and  MeiTrs.  D’Arcy  and  Le  Roy 
in  France.  But  rnoft  of  thefe,  like  Mr.  Robins,  with 
fmall  fire-arms,  fuch  as  inuilcets,  and  fufils. 

But  in  the  year  1773,  in  conjundtion  with  feveral 
able  officers  of  the  Royal  Artillery  , and  other  ingenious 
gentlemen,  I undertook  a courfe  of  experiments  with 
the  balliftic  pendulum,  in  which  we  ventured  to  extend 
the  machinery  to  cannon  ffiot  of  i,  2,  and  3 pounds 
weight.  An  account  of  thefe  experiments  was  pub- 
iiflied  in  the  Philoi.  Tranf.  for  1778,  and  for  which  the 
Royal  Society  honoured  me  with  the  pri^e  of  the  gold 
medal.  “ Thefe  were  the  only  experiments  that  I 
know  of  which  had  been  made  with  cannon  balls  for 
this  purpofe,  althqugh  the  conclufions  to  be  deduced 
from  fuch,  are  of  the  greateft  importance  to  t'hofe  parts 
of  natural  philofophy  which  are  dependent  on  the  ef- 
fects of  fired  gunpowder  ; nor  do  I know  of  any  other 
practical  method  of  afeertaining  the  initial  velocities 
within  any  tolerable  degree  of  the  truth.  The  know- 
ledge of  this  velocity  is  of  the  utmoft  confequence  in 
Gunnery  : by  means  of  it,  together  with  the  law  of  the 
refinance  of  the  medium,  every  thing  is  determinable 
relative  to  that  bufinefs  ; for,  befides  its  being  an  ex- 
cellent method  of  trying  the  ftrength  of  different  forts 
of  powder,  it  gives  us  the  law  relative  to  the  different 
■quantities  of  powder,  to  the  different  weights  of  fhot, 
and  to  the  different  lengths  and  fizes  of  guns.  Be- 
fides thefe,  there  does  not  feera  to  be  any  thing  want- 
ing to  anfwer  any  inquiry  that  can  be  made  concerning 
the  flight  and  ranges  of  fhot,  except  the  effects  arifing 
from  the  refiftance  of  the  medium.  In  thefe  experi- 
ments the  weights  of  the  pendulums  employed  were 
from  300  to  near  600  pounds.  In  that  paper  is  de- 
feribed  the  method  of  conffruffing  the  machinery,  of 
finding  the  centres  of  gravity  and  ofcillation  of  the  pen- 
dulum, and  of  making  the  experiments,  which  are  all 
fet  down  in  the  form  of  a journal,  with  all  the  minute 
and  concomitant  circumftances  ; as  alfo  the  inveftiga- 
tion  of  the  new  and  eafy  rule,  fet  down  juft  above,  for 
computing  the  velocity  of  the  ball  from  the  experi- 
ments. The  charges  of  powder  were  varied  from  2 to 
8 ounces,  and  the  fliot  from  i to  near  3 pounds.  And 
from  the  whole  were  clearly  deduced  thefe  principal  in- 
ferences, viz, 

“ I.  Firft,  That  gunpowder  fires  almoft  inftantaneouf- 
ly. — 2.  That  the  velocities  communicated  to  balls  or 
fliot,  of  the  fame  weight,  by  different  quantities  of 
powder,  are  nearly  in  the  fubduplicate  ratio  of  thofe 
quantities  ; a fmall  variation,  in  defeff,  taking  place 
when  the  quantities  of  powder  became  great. — 3.  And 
wdien  fliot  of  different  weights  are  employed,  with  the 
fame  quantity  of  powder,  the  velocities  communicated 
to  them,  are  nearly  in  the  reciprocal  fubduplicate  ratio 
of  their  weights. — 4.  So  that,  univerfally,  fliot  which 
are  of  different  weights,  and  impelled  by  the  firing  of 
different  quantities  of  powder,  acquire  velocities  which 
are  direflly  as  the  fquare  roots  of  the  quantities  of 
powder,  and  inverfely  as  the  fquare  roots  of  the 
weights  of  the  fhot,  nearly.— 5.  It  would  therefore  be 
a great  improvement  in  artillery,  to  make  ufe  of  fliot  of 
a long  form,  or  of  heavier  matter  j for  thus  the  mo- 
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mentimi  of  a fliot,  when  fired  with  the  fame  weight  of 
powder,  would  be  increafed  in  the  ratio  of  the  fquare 
root  of  the  weight  of  the  fhot. — 6.  It  would  alfo  be 
an  improvement  to  dimiiiifli  the  windage  ; for  by  fo 
doing,  one-third  or  more  of  the  quantity  of  powder 
might  he  faved. — ^-7.  When  the  improvements  men- 
tioned ill  the  laft  two  articles  are  coiifidcred  as  both 
taking  place,  it  is  evident  that  about  half  the  quantity 
of  powder  might  be  faved,  which  is  a very  confiderablc 
objefl.  But  important  as  this  faving  may  be,  it  feems 
to  be  ftill  exceeded  by  that  of  tlie  article  of  the  guns ; 
for  thus  a fmall  gun  miay  be  made  to  have  the  effefi 
and  execution  of  another  of  two  or  three  times  its  fize 
in  the  prefent  mode,  by  difeharging  a fliot  of  two  or 
three  times  the  weight  of  its  natural  ball  or  round  fliot. 
And  thus  a fmall  fhip  might  difchaige  fliot  as  heavy  as 
thole  of  the  greateft  now  made  ufe  of. 

“ Finally,  as  the  above  experiments  exhibit  the  re- 
gulations with  regard  to  the  weights  of  powder  and 
balls,  when  fired  mom  the  fame  piece  of  ordnance,  &c  ; 
fo  by  making  fimilar  experiments  with  a gun,  varied  in 
its  length,  by  cutting  off  from  it  a certain  part  before 
each  courfe  of  experiments,  the  eftedts  and  general 
rules  for  the  different  lengths  of  guns  may  be  certainly 
determined  by  them.  In  fhort,  the  principles  on  which 
thefe  experiments  were  made,  are  fo  fruitful  in  coiife- 
quences,  that,  in  conjundtion  with  the  effedls  refulting 
from  the  refiftance  of  the  medium,  they  feem  to  be  fuf- 
ficient  for  anfwering  all  the  enquiries  of  the  fpcculative 
philofophcr,  as  well  as  thofe  of  the  pradlical  artille- 
rift. 

In  the  year  1786  was  publifhed  the  firft  volume  of 
my  Tradks,  in  which  is  detailed,  at  great  length,  an- 
other very  extenftve  courfe  of  experiments  which  were 
carried  on  at  Woolwich  in  the  years  1783,  1784,  and 
1785,  by  order  of  the  Duke  of  Richmond,  Mailer  Ge- 
neral of  the  Ordnance.  The  objedts  of  this  courfe 
were  very  numerous,  but  the  principal  of  them  were 
the  following  : 

“ I.  The  velocities  with  which  balls  are  projedted 
by  equal  cliarges  of  pov\xler,  from  pieces  of  the  fame 
weight  and  calibre,  but  ol  different  lengths. 

“ 2.  The  velocities  with  difl'erent  charges  of  pow- 
der, the  weight  and  length  of  the  gun  being  the  fame. 

“ 3.  The  greateft  velocity  due  to  the  different 
lengths  of  guns,  to  be  obtained  by  increafing  the  charge 
as  far  as  the  refiftance  ol  tlie  piece  is  capable  of  fullaiii- 

r . 

“ 4.  The  effedl  of  varying  the  weight  of  the  piece  ; 
every  thing  elfe  being  the  fame. 

5.  The  penetration  of  balls  into  blocks  of  wood. 

6.  The  ranges  and  times  of  flight  of  balls;  to 
compare  them  with  tlieir  initial  velocities  for  determiii- 
xng  the  refiftance  of  the  medium. 

“ 7.  Tlie  eftedt  of  wads; 

of  different  degrees  of  ramming  ; 
of  different  degrees  of  windage  ; 
of  different  poiitions  of  the  vent  ; 
of  chambers,  and  trunnions,  and  every  other 
circumftance  necefl'ary  to  be  known  for  the 
improvement  of  artillery.” 

All  thefe  objefls  were  obtained  in  a very  perfedt  and 
accurate  manner  ; excepting  only  the  article  of  ranges, 
which  were  not  quite  fo  regular  and  uniform  as  might 
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be  wiflied.  The  balls  too  were  moft  of  them  of  one 
pound  weiglit  ; but  the  powder  was  increafed  from  i 
ounce,  up  till  the  bore  was  quite  full ; and  the  pendu- 
lum was  from  600  to  8oclb.  weight.  The  conclufions 
from  the  whole  were  as  follow  : 

“ I.  That  the  former  law,  between  tlie  charge  and 
velocity  of  ball,  is  again  confirmed,  viz,  that  the  velo- 
city is  direftly  as  the  fquare  root  of  the  weight  of 
powder,  as  far  as  to  about  the  chai'ge  of  8 ounces  : 
and  fo  it  would  continue  for  all  charges,  were  the  guns 
of  an  indefinite  length.  But  as  the  length  of  the 
charge  is  increafed,  and  bears  a more  confiderable  pro- 
portion to  the  length  of  the  bore,  the  velocity  falls  the 
more  fliort  of  that  proportion. 

“ 2.  That  the  velocity  of  the  ball  increafes  with  the 
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charge  to  a certain  ptiint,  which  is  peculiar  to  each 
gun,  where  it  is  greateil  ; and  that  by  farther  increaf- 
ing  the  charge,  the  velocity  gradually  diminilhes,  till 
the  bore  is  quite  full  of  powder.  That  this  charge  for 
the  greateft  velocity  is  greater  as  the  gun  is  longer,  but 
not  greater  however  in  lo  high  a proportion  as  the 
length  of  the  gun  is  ; fo  that  the  part  of  the  bore  filled 
with  powder  bears  a lefs  proportion  to  the  whole  in  the 
long  guns,  than  1l  does  in  the  Ihort  ones  ; the  part  of 
the  whole  whicli  i^  filled  being  indeed  nearly  in  the  re- 
ciprocal fubrtuplicare  ratio  of  the  length  of  the  empty 
part.  And  the  ouicr  chcumilances  are  as  in  this 
table. 


Table  of  Charges  producing  the  Greatejl  Ve- 
locity. 


Cun 

Length  of 

Length 

Part  of  the 

Wt.  of  the 

Nuni. 

the  bore. 

filled. 

whole. 

powder. 

inches. 

inches. 

oz. 

I 

28*2 

8-2 

I 2 

2 

38-1 

9T 

T r 

14 

3 

57'4 

10-7 

3 

I r, 

1 6 

4 

79*9 

12*1 

7 

18 

*■*  3.  It  appears  tliat  the  velocity  continually  in- 
creafes  as  tlie  gun  is  longer,  though  the  increafe  in  ve- 
locity is  but  very  fmall  in  refpect  of  the  increafe  in 
length,  the  velocities  being  in  a ratio  fomewliat  lefs 
than  that  of  the  fquare  roots  of  the  length  of  the  bore, 
but  fome\^'hat  greater  than  that  of  tiie  cube  roots  of 
the  length,  and  is  indeed  nearly  in  the  middle  ratio  be- 
tween the  two. 

“ 4.  The  range  increafes  in  a much  lefs  ratio  than 
the  velocity,  and  indeed  is  nearly  as  the  fquare  root  of 
the  velocity,  the  gun  and  elevation  being  the  fame. 
And  when  this  js  compared  with  the  property  of  the 
velocity  and  length  of  gun  in  the  foregoing  paragraph, 
V.  e perceive  that  very  little  is  gained  in  the  range  by 
a great  increafe  in  the  length  of  the  gun,,  the  charge 
being  the  fame.  And  indeed  the  range  is  nearly  as  the 
5th  root  of  the  length  of  the  bore  ; which  is  fo  finall 
an  increafe,  as  to  amount  only  to  about  jth  part  more 
3;ange  for  a double  length  of  gun. 

5.  It  alfo  appears  that  the  time  of  the  ball’s  flight 


is  nearly  as  the  range  ; the  gun  and  elevation  being  tlic 
fame. 

“ 6.  It  appears  that  there  is  no  fenfible  difihrence 
caufed  in  the  velocity  or  range,  by  varying  the  weight 
of  the  gun,  nor  by  the  ufe  of  wads,  nor  by  different  de- 
grees of  ramming,  nor  by  firing  the  charge  of  powdei’ 
in  different  parts  of  it. 

“ 7.  But  a great  difference  in  the  velocity  arifes 
from  a fmall  degfree  of  windagfe.  Indeed  with  the 
iifual  eftablifhed  windage  only,  namely,  about  ol 

the  caliber,  no  lefs  than  between  } and  ^ of  the  powder 
efcapes  and  is  loll.  And  as  the  balls  are  often  fmaller 
than  that  fize,  ft  frequently  happens  that  half  the 
powder  is  loll  by  unneceffary  windage. 

“ 8.  It  appears  that  the  refilling  force  of  wood,  to 
balls  fired  into  it,  is  not  conflant.  And  that  the 
depths  penetrated  by  different  velocities  or  charges, 
are  nearly  as  the  logfarithms  of  the  charg-es,  inllead  of 
being  as  the  charges  themfelves,  or,  which  is  the  fame 
thing,  as  the  fquare  of  the  velocity. 

q.  Thefe,  and  moll  other  experiments,  fliew  that 
balls  are  greatly  dcfledled  from  the  direction  they  are 
projected  in  ; and  that  fo  much  as  300  or  400  yards  in 
a range  of  a mile,  or  almoli  I-th  of  the  range,  which  is 
nearly  a dtflecl;ion  of  an  angle  of  15  degrees. 

“ 10.  Finally,  tliefe  experimentsfurnlfh  uswith  thefol- 
lowfng  concomitant  data,  to  a tolerable  degree  of  accura- 
cy, namely,  the  dimenlions  and  elevation  of  the  gun,  the 
weight  and  dimenlions  of  the  powder  and  fhot,  with 
the  range  and  time  of  flight,  and  the  firlt  velocity  of 
the  ball.  From  which  ft  is  to  be  hoped  that  the 
meafure  of  the  refiflance  of  the  air  to  projectiles,  may 
be  determined,  and  thereby  lay  the  foundation  for  a 
true  and  praCtfeal  fyllem  of  Gunnery,  which  may  be 
as  well  ufeful  In  fervice  as  in  theory.” 

Since  the  publication  of  thofe  TraCts,  we  have  profe- 
ciited  the  experiments  flill  farther,  from  year  to  year, 
gradually  extending  our  aim  to  more  objeCts,  and  en- 
larging the  guns  and  machinery,  till  we  have  arrived  at 
experiments  with  the  6 pounder  guns,  and  pendulums 
of  1800  pounds  weight.  One  of  the  new  objeCts  of 
enquiry,  was  the  reli fiance  the  atmofphere  makes  to 
military  projectiles  ; to  obtain  which,  the  guns  have 
been  placed  at  many  different  difiances  from  the  pen- 
dulum, againfi  which  they  are  fired,  to  get  the  velocity 
loll  in  palling  through  thofe  Ipaces  of  air  ; by  which, 
and  tlie  ufe  of  the  whirling  machine,  deferibed  near 
the  end  of  the  ill  vol.  of  Robins’s  Tracts,  for  the 
flower  motions,  I have  inveiligated  the  refifiauce  of  the 
air  to  given  balls  moving  with  all  degrees  of  velocity, 
from  o up  to  2000  feet  per  fccond  ; as  well  as  the  rc- 
fillance  for  many  degrees  of  velocity,  to  planes  and 
figures  of  other  lhapes,  and  inclined  to  their  path  in 
all  varieties  of  angles  ; from  which  I have  deduced  ge- 
neral laws  and  formulas  for  all  fuch  motions. 

Mr.  Ro])ins  made  alfo  limilar  experiments  on  tlie  re- 
fifiance  of  the  air;  but  being  only  with  mulket  bullets,, 
on  account  of  their  Imallnefs,  and  of  their  change  o£ 
figure  by  the  exjilofion  of  the  powder,  I find  they  are 
very  Inaccurate,  and  conliderably  difterent  from  thofe- 
above  mentioned,  which  were  accurately  made  with 
pretty  confiderable  cannon  balls,  of  iron.  For  which 
rcafon  we  may  omit  here  the  rules  and  theory  deduced^ 
from  them  by  Mr.  Robins,  till  others  more  corredl  fhalii 
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l.ave  .been  eftabliflied.  All  tliefe  experiments  indeed 
agree  in  evincing  the  very  enonnons  relilLance  the  air 
makes  to  the  fwift  motions  of  military  projedfiles, 
amounting  in  fome  cafes  to  20  or  30  times  the  weight 
of  the  ball  itfelf ; on  which  account  the  common  rules 
.for  projeefiles,  deduced  from  the  parabolic  theory,  are 
of  little  or  no  ufe  in  real  pradtice  ; for,  from  thefe  ex- 
periments it  is  clearly  proved,  that  the  track  deferibed 
by  the  highr.  even  of  the  heavieil  rnot,  is  neither  a pa- 
rabola, nor  yet  approaching  any  thing*  near  it,  except 
when  they  are  projediied  with  very  fmall  velocities  ; in 
fo  much  tliat  fome  balls,  which  in  the  air  range  only 
to  the  diihance  of  one  mile,  would  in  vacuo,  tvhen 
projecled  with  tlie  fame  velocity,  range  above  10  or  20 
times  as  far  For  the  common  rules  of  the  parabolic 
theory,  fee  Proje-cti les.  And  for  a fmall  fpecimen 
of  my  experiments  on  refiftances,  fee  the  2d  vol.  of  the 
Edinburgh  Philof.  Tranf,  ; as  alfo  my  Conic  Sections 
and  Selecl  Exercifes,  at  the  end,  alfo  the  articles 
Force,  and  Resistance,  in  this  Dictionary. 

Mr.  Benjamin  Thomplon  inftituted  a very  confuler- 
able  coLirfe  of  exocriments  of  the  fame  kind  as  thole  of 
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Mr.  P^obins,  rvith  mufleet  barrels,  which  was  puhliflied 
in  the  Philof.  Tranf.  vol.  71,  for  the  year  1781.  In 
thefe  experiments,  the  conciufions  of  Mr.  Robins  are 
renerally  confirmed,  and  feveral  other  curious  circum- 
fiances  in  this  bufinefs  are  remarked  by  Mr.  Thomp- 
fon.  This  gentleman  alfo  purfiies  a hint  thrown  out 
by  IMr.  Robins  relative  to  the  determining  the  velocity 
of  a ball  from  the  recoil  of  the  pendulous  gun  itfelf. 

Mr.  Robins,  in  prop,  ii,  remarks  that  the  effeCl  of  the 
exploded  powder  upon  the  recoil  of  the  gun,  is  the 
fame,  whether  the  gun  is  charged  with  a ball,  or  with- 
eut  one  ; and  that  the  chord,  or  velocity,  of  recoil  with 
the  povvTier  alone,  being  fubtraCled  from  that  of  the  re- 
coil when  charged  with  both  powder  and  ball,  leaves  the 
velocity  which  is  due  to  the  ball  alone.  From  whence 
Mr.  Thompfon  obferves,  that  the  inference  is  obvious, 
viz,  that  the  momentum  thus  communicated  to  the 
gun  by  the  ball  alone,  being  equal  to  the  momentum 
of  the  ball,  this  becomes  known  ; and  therefore  being 
divided  by  the  known  weight  of  the  ball,  the  quotient 
will  be  its  velocity.  Mr.  Thompfon  fets  a great  va- 
lue on  this  new  rule,  the  velocities  by  means  of  which, 
lie  found  to  agree  nearly  wity  feveral  of  thofe  deduced 
from  the  motion  of  the  pendulum  ; and  in  the  other  cafes 
in  which  they  differed  greatly  from  thefe,  he  very  incon- 
fillently  fuppofes  that  thefe  latter  ones  are  erroneous. 

In  the  experiments  however  contained  in  my  Trafls,  a 
great  multitude  of  thofe  cafes  are  compared  together, 
and  the  inaccuracy  of  that  new  rule  is  fully  proved. 

Having*  in  the  9th  prop,  compared  together  a num- 
ber of  computed  and  experimented  velocities  of  balls,  to 
verify  his  theory  : in  the  loth  prop.  Mr.  Robins  affigns 
the  changes  in  the  force  of  powder,  which  arife  from 
the  different  flate  of  the  atmofphere,  as  to  heat  and 
molfture,  both  which  he  finds  have  fome  effecl  on  ft, 
but  efpecially  the  latter.  In  prop.  1 1 he  iiivefligates 
the  velocity  which  the  flame  of  gunpowder  acquires 
by  expanding  itfelf,  fiippofing  it  fired  in  a given  piece 
of  artillery,  without  either  a bullet  or  any  other  body 
before  it.  This  velocity  he  finds  is  upwards  of  7000  feet 
per  fecond.  But  the  celebrated  Euler,  in  his  commen- 
tary  on  this  part  of  Mr.  Robins’s  book,  thinks  it  may  be 
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ftil!  much  greater.  And  in  this  prop,  too  k is  that 
Mr.  Robins  declares  liis  opinion,  above  alluded  to,  viz, 
that  the  effefl  of  the  powder  upon  the  recoil  of  the  gun 
is  the  fame,  in  all  cafes,  whether  fired  with  a ball,  or 
without  one. — In  prop.  12  he  afeertains  the  manner  in 
which  the  flame,  of  powder  impels  a ball  which  is  laid 
at  a confiderable  diflance  from  the  charf^e  : fliewino- 
here  that  the  iudden  accumulation  and  denfi ty  of  the 
fluid  againfl  the  ball,  is  the  reafoil  that  the  barrel  is 
fo  often  burft  in  thofe  cafes. — In  prop,  13  he  enume- 
rates th.e  various  kinds  of  powder,  and  defc'ribes  the' 
properefl  methods  of  examining  its  goodnefs.  He 
here  (hews  that  the  hefl  proportion  of  the  ingredients, 
is  when  the  faltpetre  is  ^ of  the  whole  compound  mafa 
of  the  powder,  and  the  fulphur  and  charcoal  the  other 
4 between  them,  in  equal  quantities.  In  this  prop. 
Mr.  Robins  takes  occaiion  to  remark  upon  the  ufe  of 
eprouvettes,  or  methods  of  trying  pow-dei*  ; condemning 
the  pradlice  of  the  Englifli  in  lifing  rvliat  is  called  the 
vertical  eprouvette;  as  well  as  that  of  the  French,  in 
ufing*  a final!  mortar,  with  a very^  large  ball,  and  a fmall 
charge  of  ponxlei*  : and  inflcad  of  thefe,  he  flrongly 
recommends  the  ufe  of  his  balliftic  Den.dulum,  for  its 
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great  accuracy^  ; But  for  flill  more  difpatch,  he  fays 
he  fliould  ufe  another  method,  which  however  he  re- 
ierveS  to  liimfelf,  without  giving  any  particular  de- 
feription  of  it.  From  what  has  been  done  by^  Mr. 
Robins  upon  this  head,  feveral  perfons  liave  introduced 
his  method  of  fufpending  the  gun  as  a pendulum,  and 
noting  the  quantity  of  its  ofcillating  recoil  when  fired 
with  a certain  quantity  of  povrder  ; and  of  this  kind  I 
have  contrived  a machine,  which  pofTeffes  feveral  ad- 
vantages over  ail  others,  being  extremely  fimple,  ac- 
curate, and  expeditious  ; fo  much  fo  indeed,  that  the 
weighing  -out  of  the  powder  is  the  chief  part  of  the 
trouble.  See  Gunpowder,  and  Eprouvette. 

The  other  or  2d  chapter  of  Mr.  Robins’s  work,  in 
8 propofitions,  treats  “ of  the  refi fiance  of  the  air, 
and  of  the  track  deferibed  by  the  flight  of  fliot  and 
fliells,”  And  of  thefe,  prop,  i deferibes  the  general 
principles  of  the  refiftance  of  fluids  to  folid  bodies 
moving  in  them.  Here  Mr.  Robins  diferiminates  be- 
tween continued  and  comprefled  fluids,  which  imme- 
diately’* rufh  into  the  fpace  cjuitted  by  a body  moving  in 
them,  and  whofe  parts  yfield  to  the  impulfe  of  the  body 
without  condenfing  and  accumulating  before  it  ; and 
fiich  fluids  as  are  imperfedlly  comprefled,  rufhing  into 
a void  fpace  with  a limited  velocity, -as  in  the  cafe  of 
our  atmofphere,  which  condenfes  more  and  more  be- 
fore the  ball  as  this  moves  quicker,  and  alfo  prefies 
the  lefs  behind  it,  by^  follov.dng  it  always  with  only  a 
given  velocity  : hence  iFhappens  that  the  former  fluid 
will  refill  moving  bodies  in  proportion  to  the  fquare 
of  the  velocity^  while  the  latter  refills  in  a higher 
proportion. — Propofition  2 is  “ to  determine  the  re- 
fiftance of  the  air  to  projedliles  by  experiments.”  One 
of  the  methods  for  this  piirpofe,  is  by  the  balliilic 
pendulum,  placing  the  giin  at  different  diftaiices  from 
it,  by  which  he  finds  the  velocity  loft  in  paffimg  t].irough 
certain  fpaces  of  air,  and  confequently  the  force  of  re- 
fiftance to  fuch  velocities  as  the  body  moves  with  in  the 
feveral  parts  of  its  path.  And  another  way  was  by 
firing  balls,  with  a knowm  given  velocity,  over  a large 
piece  of  water,  in  wdiich  the  fall  and  plunge  of  the  ball 
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could  be  feen,  and  confequeiitly  the  fpace  it  paffed  over 
in  a given  time.  By  thefe  means  Mr.  Robins  deter* 
mined  the  refinances  of  the  air  to  feveral  different  ve- 
locities, all  which  fhewed  that  there  was  a gradual 
increafe  of  the  refiftance,  over  the  law  of  the  fquarc 
of  the  velocity,  as  the  body  moved  quicker. — In  the 
remaining  propofitions  of  this  chapter,  he  proceeds 
a little  farther  in  this  fubjedt  of  the  refiftance  of  the 
air  ; in  w'hich  he  lays  down  a rule  for  the  proportion 
of  the  refiftance  between  two  aftigned  velocities ; and 
he  fhews  that  when  a 24  pound  ball,  fired  with  its 
full  charge  of  powder,  firft  ifliies  from  the  piece,  the 
refiftance  it  meets  with  from  the  air  is  more  than  20  times 
its  weight.  He  farther  fhews  that  “ the  track  defcribed 
by  the  flight  of  fhot  or  fhells  is  neither  a parabola,  nor 
nearly  a parabola,  unlefs  they  arc  projected  with  fmall 
velocities  and  that  “ bullets  in  their  flight  are  not 
only  depreffed  beneath  their  original  direction  by  the 
adtion  of  gravity,  but  are  alfo  frequently  driven  to  the 
right  or  left  of  that  direction  by  the  action  of  fomc 
other  force  : and  in  the  8th  or  laft  propofition,  he 
pretends  to  fhew  that  the  depths  of  penetration  of  balls 
into  firm  fubftances,  are  as  the  fquares  of  the  velocities. 
But  this  is  a miftake  ; for  neither  does  it  appear  that 
his  trials  were  fufficiently  numerous  or  various,  nor 
were  his  fmall  leaden  balls  lit  for  this  purpofe  ; and  I 
have  found,  from  a number  of  trials  with  iron  cannon 
balls,  that  the  penetrations  are  in  a much  lower  pro- 
portion, and  that  the  refifting  force  of  wood  is  not 
uniform.  See  my  Tracts. 

In  the  following  fmall  tradls,  added  to  the  principles, 
in  this  volume,  Mr.  Robins  profecutes  the  fubjeft  of 
the  refiftance  of  the  air  much  farther,  and  lays  down 
rules  for  computing  ranges  made  in  the  air.  But  thefe 
mull  be  far  from  accurate,  as  they  are  founded  on  the 
two  following  principles,  which  I know,  from  nume- 
rous experiments,  are  erroneous  : viz,  ift,  “ That  till 
the  velocity  of  the  projeflile  furpaffes  that  of  1100  feet 
in  a fecond,  the  refiftance  may  be  efteemed  to  be  in 
the  duplicate  proportion  of  the  velocity.  2d,  That  if 
the  velocity  be  greater  than  that  of  1 1 or  1200  feet  in 
a fecond,  then  the  abfolute  quantity  of  that  refiftance 
in  thefe  greater  velocities  will  be  near  3 times  as  great, 
as  it  Ihould  be  by  a comparifon  with  the  fmaller  velo- 
cities.” For,  inftead  of  leaping  at  once  from  the  law 
of  the  fquare  of  the  velocities,  and  ever  after  being 
about  3 times  as  much,  my  experiments  prove  that  the 
increafe  of  the  refiftance  above  the  law  of  the  fquare  of 
tlie  velocity,  takes  place  at  firft  in  the  fmallcft  mo- 
tions, and  increafes  gradually  more  and  more,  to  a cer- 
tain point,  but  never  rifes  fo  high  as  to  be  3 times  that 
quantity,  after  which  it  decreafes  again.  To  render 
this  evident,  I have  inferted  the  following  table  of  the 
a6tual  quantities  of  reliftances,  which  are  deduced 
from  accurate  experiments,  and  which  fliew  alfo  the 
nature  of  the  law  of  the  variations,  by  means  of  the 
columns  of  differences  annexed ; referving  the  detail 
of  the  experiments  themfelves  to  another  occaiion. 
Thefe  refiftances  are,  upon  a ball  of  1*965  inc.  dia- 
meter, in  avoirdupois  ounces,  and  are  for  all  velocities, 
from  o,  up  to  that  of  2000  feet  per  fecond  of  time, 
VOJL.  I.  * . 


The  quantity  of  the  rejijl:anee  of  the  ait  to  a hall  of  ^ 
I *965  iuc.  diameter. 


Veloc.  in 
feet 

Refill,  in 
ounces 

ill  Dif - 
feienes 

2d  Dif- 
ferences 

0 

5 

10 

15 

20 

25 

30 

40 

50 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

1 100 

1 200 

1300 

1400 

1500 

1600 

1700 

1800 

1900 

2000 

0*000 

o*oo6 

0*025 

0*054 

0*100  . 

0*155 

0*23 

0*42 

0*67 
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1 1 

25 

45 

72 
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1051 
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20 
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35 

44 

54 

66 
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92 

104 
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131 

135 
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128 
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7 

8 

9 

10 

12 

13 

13 

1 2 

1 1 

9 

7 

4 

0 

2 

5 
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The  additional  trafts  of  Mr.  Robins,  in  the  latter 
part  of  this  volume,  which  contain  many  ufeful  and 
important  matters,  are  numbered  and  titled  as  follows, 
viz.  Number  I,  “ Of  the  refiftance  of  the  air.  Number 
2,  Of  the  refiftance  of  the  air  ; together  with  the  me- 
thod of  computing  the  motions  of  bodies  projedled  in 
that  medium.  Number  3,  An  account  of  the  experi- 
ments, relating  to  the  refiftance  of  the  airj  exhibited  at 
different  times  before  the  Royal  Society,  in  the  year 
1746.  Number  4,  Of  the  force  of  fired  gunpowder, 
together  with  the  computation  of  the  velocities  there- 
by communicated  to  military  projeftiles.  Number  5, 
A comparifon  of  the  experimental  ranges  of  cannon 
and  moitars  with  the  theory  contained  in  the  preceding 
papers. — Pradfical  Maxims  relating  to  the  efledls  and 
management  of  artillery,  and  the  flight  of  fhells  and 
fliot. — A propofal  for  increafing  the  ftrength  of  the 
Britifh  navy,  by  changing  all  the  guns,  front  the  18 
pounders  downwards,  into  others  of  equal  Weight,  hut 
of  a greater  bore.”  With  feveral  letters, 'and^  other 
papers,  On  pointing,  or  the  directing  of  cannOn  to 
ftrike  diftant  obje6ts ; Of  the  nature  aud  advantag^-'of 
rifled  barrel  pieces,”  6cc. 
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I have  dwelt  thus  long  on  Mr.  Robins’s  New  Prin- 
ciples of  Ounnery,  becaufe  it  is  the  lirft  work  that  can 
be  confidered  as  attempting  to  eftabliih  a pracSlical  fyf- 
tem  of  gunnery,  and  projectiles,  on  good  experiments, 
on  the  force  of  gunpowder,  on  the  refiflance  of  the 
air,  and  on  the  eft'edls  of  different  pieces  of  artillery, 
Thofe  experiments  are  however  not  fufficiently  perfect, 
both  on  account  of  the  fmallnefs  of  the  bullets,  and 
for  want  of  good  ranges,  to  form  a proper  theory 
upon.  I have  fupplied  fome  of  the  ncceffary  deliderata 
for  tliis  purpofe,  viz,  the  refiflance  of  the  air  to  can- 
non balls  moving  with  all  degx'ees  of  velocity,  and  the 
velocities  communicated  by  given  charges  of  powder  to 
different  balls,  and  from  different  pieces  of  artillery. 
But  there  are  flill  \vanting  good  experiments  with  dif- 
ferent pieces  of  ordnance,  giving  the  ranges  and  times 
of  flight,  with  all  varieties  of  charges,  and  at  all  dif- 
ferent angles  of  elevation.  A few  however  of  thofe  1 
have  obtained,  as  in  the  following  fmall  table,  which 
are  derived  from  experiments  made  with  a medium  one- 
pounder  gun,  the  iron  ball  being  nearly  2 inches  in 
diameter. 


Powder 

Elev. 
of  gUH 

Veloc. 
of  ball 

Range 

Time 
of  flight 

oz 

0 

feet 

feet 

// 

2 

15 

860 

4100 

9 

4 

15 

1230 

5100 

12 

8 

15 

1640 

^000 

14I: 

12 

15 

1680 

6700 

154 

2 

45 

860 

5100 

21 

The  celebrated  Mr.  Euler  added  many  excellent  dif- 
fertations  on  the  fubjeCt  of  Gunnery,  in  his  tranflation 
of  Robins’s  Gunnery  into  the  German  language  ; which 
v/ere  again  farther  improved  in  Brown’s  tranflation  of 
the  fame  into  Englifhinthe  year  1777.  See  alfo  An- 
toni’s Examen  de  la  Poudre  ; the  experiments  of  MM. 
D’Arev  and  Ee  Roy,  in  the  Memoirs  of  the  Acade- 
my  in  1751  ; and  D’Arcy’s  EJfai  d\ine  theorle  dl'artiU 
Urie  in  1760  : my  TraCls  ; and  paper  on  the  force  of 
hred  gunpowder  in  the  Phllof.  Tranf.  for  1778  : and 
Thompfon’s  paper  on  the  fame  fubjeCt  in  1781.  Of 
the  common  or  parabolic  theory  of  Gunnery,  Mr. 
Simpfon  gave  a very  neat  and  concife  treatife  in  his 
Select  Exercifes.  And  other  authors  on  this  part,  are 
Starrat,  Gray,  Williams,  Glenie,  &c. 

GUNPOV/OER,  a compofition  of  nitre,  fulphur, 
and  charcoal,  mixed  together,  and  ufually  granulated. 
This  eafily  takes  fire  ; and  when  fired,  it  rarefies  or  ex- 
pands with  great  vehemence,  by  means  of  its  elaflic 
force.' — It  is  to  this  powder  that  we  owe  all  the  effedl 
and  adlion  of  guns,  and  ordnance  of  all  forts.  So  that 
fortification,  with  the  modern  military  art,  6cc,  in  a 
great  meafure  depends  upon  it.  The  above  definition 
however  is  not  general,  for  inflead  of  the  nitre,  it  has 
lately  been  difcpvered  that  the  marine  acid  anfwers 
much  better. 

The  invention  of  Gunpowder  is  aferibed,  by  Poly- 
4ore  Virgilj  to  a chemifl  5 who  having  accidentally  put 


fome  of  this  compofition  in  a mortar,  and  covered  it 
with  a ftone^  it  happened  to  take  fire,  and  blew  up  the 
flone.  The  vet  fays  that  the  perfoii  here  fpokeri  of 
was  a monk  of  Fribourg,  named  Conftantine  Anelzen  ; 
but  Belleforet  and  other  authors,  with  more  probabi- 
lity, hold  it  to  be  Bartholdus  Schwartz,  or  the  black, 
who  difcoveied  it,  as  fome  fay,  about  the  year  1320  ^ 
and  the  firfl  ufe  of  it  is  aferibed  to  the  Venetians,  in 
the  year  1380,  during  the  war  with  the  Genoefe.  But 
there  are  earlier  accounts  of  its  ufe,  after  the  accident 
of  Schwartz,  as  well  as  before  it.  For  Peter  Mexia, 
in  his  Various  Readings,  mentions  that  the  Moors 
being  befieged  in  1343,  by  Alphonfus  the  iith,  king^ 
of  Caftile,  difeharged  a kind  of  iron  mortars  upon  them, 
which  made  a noife  like  thunder ; and  this  is  feconded’ 
by  what  is  related  by  Don  Pedro,  bifiiop  of  Leon,  hr 
his  chronicle  of  king  Alphonfus,  who  reduced  Toledo, 
viz,  that  in  a fea-combat  between  the  king  of  Tunis 
and  the  Moorifii  king  of  Seville,  about  that  time,  thofe- 
of  Tunis  had  certain  iron  tubs  or  barrels,  with  which' 
they  threw  thunderbolts  of  fire. 

Du-Cange  adds,  that  there  is  mention  made  of  gun-> 
powder  in  the  regifters  of  the  chambers  of  accounts  iai 
France  as  early  as  the  year  1338. 

But  it  appears  that  Roger  Bacon  knew  of  Gun- 
powder near  100  years  before  Schwartz  was  born.  He 
tells  us,  in  his  Treatife  De  Secretis  Operibus  Artis" 
& Naturae,  & de  Nullitate  Magiae,  cap.  6]  (which  is^ 
fuppofed  by  fome  to  have  been  publifiied  at  Oxford  iu'. 
1216,  and  which  was  undoubtedly  written  before  his' 
Opus  Majus,  in  1267),  “ that  from  faltpetre,  and 
other  ingredients,  we  are  able  to  make  a fire  that  Ihah- 
burn  at  what  diilance  we  pleafe.’’  And  Dr.  Plott,  in- 
his  Hillory  of  Oxfordfhire,  pa.  236,  allures  us  that 
thefe  “ other  ingredients  were  explained  in  a MS.  copy 
of  the  fame  treatife,  in  the  hands  of  Dr.  G.  Langbain, 
and  feen  by  Dr.  Wallis,  to  be  fulphur  and  wood  coal.’*' 
Farther,  in  the  life  of  Friar  Bacon  in  Biographia  Bri- 
tannica,  vol.  i , we  are  told  that  Bacon  himfclf  has  di- 
vulged the  fecret  of  this  compofition  in  a cypher,  by 
tranfpofing  the  letters  of  the  two  word§  in  chap.  xi. 
of  the  faid  treatife  ; where  it  is  thus  expreffed : fed 
tamen  falls  petr^  Lura  mope  can  vbre  (i.  e.  carbonum 
Pidvere ) et  fulphiiris  ; et  Jic  facies  tonltrum  fsf  corrufea-'. 
tlonenii  f fclas  artlfclum  : and  from  hence  the  bio- 
grapher apprehends  the  words  carbonum  pulvere  were 
transferred  to  the  6th  chapter  of  Langbain’s  MS.  In 
this  fame  chapter  Bacon  exprefsly  fays  that  founds  like 
thunder,  and  corriifcations,  may  be  formed  in  the  air, 
much  more  horrible  than  thofe  that  happen  naturally. 
And  farther  adds,  that  there  are  many  ways  of  doing 
this,  by  which  a city  or  an  army  might  be  dellroyed : 
and  he  fnppofes  that  by  an  artifike  of  this  kind  Gideon 
defeated  the  Midianites  with  only  300  men  : Judges, 
chap.  7.  There  is  alfo  another  pafiage  to  the  fame 
purpofe,  in  the  treatife  De  Scientia  Experimentali. 
See  Dr.  Jebb’s  edition  of  the  Opus  Majus,  p.  474. 

^ Mr.  Robinsj  in  the  preface  to  his  Gunnery,  appre- 
hends that  Bacon  deferibes  Gunpowder  not  as  a new 
compofition  firfl:  propofed  by  himfelf,  but  as  the  appli- 
cation  of  an  old  one  to  military  purpofes,  and  that  it 
was  known  long  before  his  time. 

But  Mr,  Dutens  carries  the  antiquity  of  Gunpow-* 

de? 


GUN 


GUN 


C 571  3 


d-£*r  ilill  much  higher,  and  refers  to  the  writings  of  the 
ancients  themfelves  for  the  proof  of  it.  “ Virgil,  fays 
he,  and  his  Commentator  Servius  (fEneid,  lib.  6, 
r.  585),  Hyginus  (Fabul.  61  and  650),  Euflathius 
(ad  Odylf,  A 234,  pa.  1682,  lib.  i).  La  Cerda  (in 
Virgil,  loc.  cit, ),  Valei'ius  Flaccus  (lib.  i.  662),  and 
many  other  authors  (as  Raphael  Volatarran.  in  Com- 
inentar.  Cornelius  Agrippa  poller.  Oper.  de  Verbo  Dei, 
c.  ICO,  p.  237.' — Gruterl  Fax  Artium  Liberal  tom.  2,  p. 
1236),  fpeak  in  fuch  a manner  of  Salmoneus’s  attempts 
to  imitate  thunder,  as  fuggell  to  us  that  this  prince 
iifed  for  that  purpofe  a compofition  of  the  nature  of 
gunpowder.  Eullathius  in  particular  fpeaks  of  him  on 
this  occafion,  as  being  fo  very  expert  in  mechanics, 
that  he  formed  machines,  which  imitated  the  nolle  of 
thunder  ; and  the  writers  of  fable,  whole  furprile  In 
this  refpecl  may  be  com.pared  to  that  of  the  Mexicans 
when  they  firll  beheld  the  fire-arms  of  the  Spaniards, 
give  out  that  Jupiter,  incenfed  at  the  audacity  of  this 
prince,  Hew  him  with  lightning,  as  he  was  employing 
himfelfin  launching  his  thunder.  But  It  is  much  more 
natural  to  fuppofe  that  this  unfortunate  prince,  the 
inventor  of  Gunpowder,  gave  rife  to  thefe  fables,  by 
having  accidentally  fallen  a victim  to  his  own  experi- 
ments. Dion  (Fliil.  Rom.  in  Caligula,  p.  662)  and 
Joannes  Anticchenus  (in  Chronico,  Re.  a Valelio  edita, 
Paris  1634,  p.  804),  report  the  very  fame  thing  of  Ca- 
ligula, alTuring  us  that  this  emperor  imitated  thunder 
and  lightning  by  m.eans  of  certain  machines,  which  at 
the  fame  time  emitted  ftones.  Themlllius  informs  us 
that  the  Brachmans  encountered  one  another  with 
thunder  and  lightning,  which  they  had  the  art  of 
launching  from  on  high  at  a conliderable  dillance ; 
(Themill.  Oratio  27,  p.  337).  And  in  another  place 
he  relates,  that  Hercules  and  Bacchus,  attempting  to 
alfail  them  in  a fort  where  they  were  entrenched,  were 
fo  roughly  received  by  reiterated  llrokcs  of  thunder 
and  lightning,  launched  upon  them  from  on  high  by 
the  befieged,  that  they  were  obliged  to  retire,  leaving 
behind  them  an  everlalling  monument  of  the  raflinefs 
of  their  enterprife.  Agathias  the  hiftorlan  reports  of 
Anthemius  Tralienfis,  that  having  fallen  out  with  his 
neighbour  Zeno  the  rhetorician,  he  fet  fire  to  his 
houfe  with  thunder  and  lightning.  It  appears  from 
all  thefe  paffages,  that  the  effedls  afcribcd  to  thefe  en- 
gines of  war,  efpecially  thofe  of  Caligula,  Anthemius, 
and  the  Indians,  could  be  only  brought  about  by  Gun- 
powder. And  what  Is  Hill  more,  we  find  in  Julius 
Africanus  a receipt  for  an  Ingenious  compofition  to  be 
thrown  upon  an  enemy,  which  very  nearly  rcfembles 
that  powder.  But  what  places  this  beyond  all  doubt, 
is  a clear  and  pofitive  palTage  of  an  author  called  Mar- 
cus Graecus,  whofe  work  in  manufcript  is  in  the  royal 
library  at  Paris,  intitled  Liber  Ignium.  Dm  Mead 
had  the  fame  alfo  in  manufcript,  and  a copy  of  that  is 
now  in  my  hands.  (vSee  above).  The  author  dc- 
fcrlbes  feveral  ways  of  encountering  an  enemy,  by 
launching  fire  upon  him  ; and  among  others  gives  the 
following.  Mix  together  one  pound  of  live  fulphur, 
two  of  charcoal  of  willow,  and  6 of  faltpetre ; reducing 
them  to  a very  fine  powder  in  a marble  mortar.  He 
adds,  that  a certain  quantity  of  this  is  to  be  put  into 
a long,  narrow,  and  wed  compared  cover,  and  fo  dif- 
charged  into  the  air.  Here  we  have  the  defeription 


of  a rocket.  The  cover  with  which  thunder  is  imi- 
tated, he  reprefents  as  fiiort,  thick,  but  half-filled,  and 
llrongly  bound  with  packthread  ; which  is  exaflly  the 
form  of  a cracker.  He  then  treats  of  different  methods 
of  preparing  the  match,  and  how  one  fquib  may  fet 
fire  to  another  in  the  air,  by  having  It  inclofed  within 
it.  In  fiioj-t,  lie  fpeaks  as  clearly  of  the  compofition 
and  effects  of  Gunpowder,  as  any  perfon  in  our  times 
could  do.  I own  I have  not  yet  been  able  precifeiy  to 
determine  when  this  author  lived,  but  probably  It  was 
before  the  time  of  the  Arabian  phyfician  Mefiie,  who 
fpeaks  of  him,  and  who  ilourilhed  m the  beginning 
of  the  9th  century.  Nay,  there  Is  reafon  to  believe 
that  he  is  the  iarne  of  whom  Galen  fpeaks  ; in  which 
cafe  be  will  be  of  antiquity  fuflicieut  to  fupport  %vhat 
I advance.”  It  appears  too,  from  many'  authors,  and 
many  circumflances,  that  tills  compofition  lias  bfen 
known  to  theCliiuefe  and  Indians  fortliouiands  of  years. 
See  what  is  faid  on  this  head  under  the  article  Guw. 

To  tl  lis  hiflory  of  Gunpowder  It  may'  be  added,  that 
it  has  lately  been  difeovered  that  faltpetre  or  nitre  is 
noteffential  to  this  compofition,  hut  that  Its  place  may  be 
fupplied  by  other  fubllanccs;  for  new  Gunpowder,  of 
double  the  llrengtli  of  the  old,  has  lately  been  mnile 
in  France,  by  thechemills  In  that  country,  without  any 
nitre  at  all;  and  in  the  year  1790  I tried  fome  of  this 
new  powder,  that  was  made  at  Woolwich,  witli  mv 
eproiivette,  when  I found  it  about  double  the  llrengtli 
of  the  ordinary  fort.  This  is  effected  by  fubllitiiting, 
Inllead  of  the  nitre,  the  like  quantity  of  the  marine  acid. 

But  perhaps  this  new  compofition  may  not  come 
Into  common  and  general  ufe  ; both  becaufe  of  the 
great  expcnce  in  procuring  or  making  the  acid, 
and  of  the  trouble  and  danger  of  preventing  it  from 
taking  fire  by'  the  heat  of  making  it  ; for  It  Is  found  to 
catch  fire  and  explode  from  a very  fmall  degree  of  heat, 
and  without  the  aid  of  a fpark. 

As  to  the  r rcparalton  of  Gunpowder  ; there  are  di- 
vers compofitions  of  It,  willi  refpecl  to  the  proportions 
of  the  three  Ingredients,  to  be  met  with  In  pvrotcchnl- 
cal  writings  ; but  the  proceis  of  making  It  up  Is  much 
the  fame  In  all. 

For  fome  time  after  the  invention  of  artillery.  Gun- 
powder was  of  a much  weaker  compofition  than  that 
now  In  ufe,  or  that  deferibed  by  Marcus  Grrecus ; 
which  was  chiefly'  owing  to  the  wcaknefs  of  their  lirff 
pieces.  Sec  Gun  and  Cannon.  Of  23  different  com- 
pofitions, ufed  at  different  times,  and  mentioned  by' 
Tartaglia  in  liis  Qiief.  and  Inv.  lib.  3,  quef.  7,  the  firll, 
which  was  theoldeil,  contained  equal  parts  of  the  three 
Ingredients.  But  when  guns  of  modern  flrudlure  were 
Introduced,  Gunpowder  of  the  fame  compofition  as  the 
prefent  came  alio  into  ufe.  In  the  time  of  Tartaglia 
the  cannon  powder  was  made  of  4 parts  of  nitre,  one 
of  fulphur,  and  one  of  charcoal;  and  the  mulket  pow- 
der of  48  parts  of  nitre,  7 parts  of  fulphur,  and  8 jiarts 
of  charcoal  ; or  of  18  parts  of  nitre,  2 parts  of  fulplmr, 
and  3 parts  of  charcoal.  But  tlic  modern  compoliliou 
is  6 parts  of  nitre,  to  one  of  each  of  the  other  two  in- 
gredients. Though  Mr.  Napier  fays,  he  finds  the 
flrength  commonly  to  be  greatell  when  the  proportions 
are,  nitre  31b,  charcoal  about  902,  and  fulphur  about 
30Z.  See  his  paper  on  Gunpowder  in  the  Tranfac- 
tions  of  the  Rovul  Irifli  Academy,  vol.  2,  The  can- 
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non  powder  v/as  in  meal,  and  the  muflcet  powder  grain- 
ed. And  it  is  certain  that  the  graining-  of  powder, 
which  is  a very  confiderable  advantag-e,  is  a modern  im- 
provement. ^ See  the  preface  to  Robins’s  Math.Tradls, 
pa,  32. 

I'o  make  Gunpowder  duly,  regard  is  to  be  had  to  the 
purity  or  goodnefs  of  the  ingredients,  as  well  as  the 
proportions  of  them  ; for  the  ilrength  of  the  powder 
depends  much  on  that  circumllance,  and  alfo  on  the  due 
working  or  mixing  of  them  together. 

To  purify  the  nitre,  by  taking  away  the  fixt  or  com- 
mon fait,  and  earthy  part.  DiiTolve  it  in  a quantity 
of  hot  rvater  over  the  fire  ; then  filtrate  it  throu8:h  a 
flannel  bag,  into  an  open  veffel,  and  fet  it  abide  to  cool, 
and  to  crydallize.  Thefe  cryllals  may  in  like  manner 
be  diffolved  and  cryftallized  again  ; and  fo  on,  till  they 
become  quite  pure  and  white.  Then  put  the  cryftals 
into  a dry  kettle  over  a moderate  lire,  which  gradually 
increafe  till  it  begins  to  fmoke,  evaporate,  lofe  its  hu- 
midity, and  grow  very  wdiite  ; it  muft  be  kept  con- 
tinually ftirring  with  a ladle,  lelf  it  fhould  return  to  its 
former  figure,  by  which  its  greafinefs  would  be  taken 
away  : after  that,  fo  much  water  is  to  be  poured  into 
the  kettle  as  will  cover  the  nitre ; and  when  it  is  dif- 
folved, and  reduced  to  the  confiftency  of  a thick  liquor, 
it  muft  be  continually  ftirred  with  a ladle  till  all  the 
moifture  is  again  evaporated,  and  it  be  reduced  to  a dry 
and  white  meal. 

The  like  regard  is  to  be  had  to  the  fulphur  ; choofing 
that  which  is  in  large  lumps,  clear  and  perfectly  yellowy 
not  very  hard,  nor  compact,  but  porous  ; nor  yet  too 
much  fhining  ; and  if,  when  fet  on  fire,  it  freely  burns 
all  away,  it  is  a fign  of  its  goodnefs  : fo  likewife,  if  it 
be  preffed  between  two  iron  plates  that  are  hot  enough 
to  make  it  run,  and  in  the  running  appear  yellow,  and 
that  which  remains  of  a reddifh  colour,  it  is  then  fit 
for  the  purpofe.  But  in  cafe  it  be  foul,  it  may  be  pu- 
rified in  this  manner  : melt  the  fulphur  in  a large  iron 
ladle,  or  pot,  over  a very  gentle  coal  fire,  well  kindled, 
but  not  darning  ; then  feum  olf  all  that  rifes  on  the  top, 
and  fwims  upon  the  fulphur;  take  it  prefently  after  from 
the  fire,  and  ftrain  it  through  a double  linen  cloth,  let- 
ting it  pafs  leifurcly  ; fo  will  it  be  pure,  the  grofs  matter 
remaining  behind  in  the  cloth. 

For  the  charcoal,  the  third  ingredient,  fuch  fhould 
be  chofen  as  is  large,  clear,  and  free  from  knots,  well 
burnt,  and  cleaving.  The  charcoal  of  light  woods  is 
moftly  preferred,  as  of  willow,  and  that  of  the  branches 
or  twigs  of  a moderate  thicknefs,  as  of  an  inch  or  two 
in  diameter.  Dogwood  is  now  much  efteemed  for 
this  purpofe.  And  a method  of  charring  the  wood  in 
a ‘large  iron  cylinder  has  lately  been  recommended,  and 
indeed  proved,  as  yielding  better  charcoal  than  for- 
merly. 

The  charcoal  not  only  concurs  with  the  fulphur  in 
fupplying  the  inflammable  matter,  which  caufes  the  de- 
tonation of  the  nitre,  but  alfo  greatly  adds  to  the  ex- 
plofive  power  of  it  by  the  quantity  of  elaftic  vapour  ex- 
pelled during  its  combuftion. 

Thefe  three  ingredients,  in  their  pureft  ftate,  being 
procured,  long  experience  has  fliewn  that  they  are  then 
to  be  mixed  together  in  the  proportion  before  men- 
tioned, to  have  the  heft  effeft,  viz,  three-quarters  of  the 
«ompofition  to  be  nitre,  and  the  other  q[uarter  madq  up 
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of  equal  parts  of  the  other  two  ingredients  ; or,  which 
is  the  fame  thing,  6 parts  nitre,  i part  fulphur,  and  l 
part  charcoal. 

But  it  is  not  the  due  proportion  of  the  materials 
only,  which  is  neceflary  to  the  making  of  good  powder; 
another  circumftance,  not  lefs  efi'ential,  is  the  mixing 
them  well  together  : if  this  be  not  effedliially  done, 
fome  parts  of  the  compofition  will  have  too  much  nitre 
in  them,  and  others  too  little  ; and  in  either  cafe  there 
will  be  a defedf  of  ftrength  in  the  powder.  Robins,  pa. 
1 19. 

After  the  materials  have  been  reduced  to  fine  duft, 
they  are  mixed  together,  and  moiftened  with  water,  or 
vinegar,  or  urine,  or  fpirit  of  wine,  &c,  and  then  beaten 
together  with  wooden  peftles  for  24  hours,  either  by 
hand,  or  by  mills,  and  afterwards  prelTed  into  a hard, 
firm,  and  folid  cake.  When  dry,  it  is  grained  or 
corned  ; which  is  done  by  breaking  the  cake  of  powder 
into  fmall  pieces,  and  fo  running  it  through  a fieve;  by 
which  means  the  grains  may  have  any  fize  given  them, 
according  to  the  nature  of  the  fieve  employed,  either 
finer  or  coarfer;  and  thus  alfo  the  duft  is  feparated  from 
the  grains,  and  again  mixed  with  other  manufadluring 
powder,  or  worked  up  into  cakes  again. 

Powder  is  fmoothed,  or  glazed,  as  it  is  called,  for 
fmall  arms,  by  the  following  operation  : a hollow  cylin- 
der or  cafle  is  mounted  on  an  axis,  turned  by  a wheel ; 
th  is  cafle  is  half  filled  with  powder,  and  turned  for  6 
hours  ; and  thus  by  the  mutual  fridlion  of  the  grains 
of  powder  it  is  fmoothed,  or  glazed.  The  fine  mealy 
part,  thus  feparated  or  worn  oft'  from  the  reft,  is  again 
granulated. 

T/je  Nature^  £ffr,  of  Powder. — When  the 

pow'der  is  prepared  as  above,  if  the  leaft  fpark  be  ftruck 
upon  it  from  a fteel  and  fiint,  the  whole  will  immediately 
Inflame,  andburft  out  whth  extreme  violence. — The  ef- 
fect is  not  hard  to  account  for  ; the  charcoal  part  of  the 
grain  upon  which  the  fpark  falls,  catching  fire  like  tin- 
der, the  fulphur  and  nitre  are  readily  melted,  and  the 
former  alfo  breaks  into  flame  ; the  contiguous  grains  at 
the  fame  time  undergoing  the  fame  fate. 

Sir  Ifaac  Newton  reafons  thus  upon  the  point : The 
charcoal  and  fulphur  in  Gunpowder^eafily  take  fire,  and 
kindle  the  nitre  ; and  the  fpirit  of  the  nitre,  being  there- 
by rarefied  into  vapour,  ruflies  out  with  an  explofion 
much  after  the  manner  that  the  vapour  of  water  rufties 
out  of  an  eolipile ; the  fulphur  alfo,  being  volatile,  is 
converted  into  vapour,  and  augments  the  explofion  ; 
add,  that  the  acid  vapour  of  the  fulphur,  namely  that 
w'hich  diftils  under  a bell  into  oil  of  fulphur,  entering 
violently  into  the  fixt  body  of  the  nitre,  lets  loofe  the 
fpirit  of  the  nitre,  and  excites  a greater  fermentation, 
by  which  the  heat  is  farther  augmented,  and  the  fixt 
body  of  the  nitre  is  alfo  rarefied  into  fume  ; and  the 
explofion  is  thereby  made  more  vehement  and  quick. 

For  if  fait  of  tartar  be  mixed  with  Gunpowder,  and 
that  mixture  be  warmed  till  it  takes  fire,  the  explofion 
will  be  far  more  violent  and  quick  than  that  of  Gun- 
powder alone  ; which  cannot  proceed  from  any  other 
caufe,  than  the  adfion  of  the  vapour  of  the  Gunpow- 
der upon  the  fait  of  tartar,  by  wdiich  that  fait  is  rare- 
fied. 

The  explofion  of  Gunpowder  therefore  arifes  from 
the  violent  action,  by  wdrich  all  the  mixture  being  quickly 
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and  vehemently  heated,  is  rarefied  and  converted  into 
fume  and  vapour  ; which  vapour,  by  the  violence  of 
that  a6lion  becoming  fo  hot  as  to  fhine,  appears  in  the 
form  of  a flame. 

M.  De  la  Hire,  in  the  Hiflory  of  the  French  Aca- 
demy for  1702,  aferibes  all  the  force  and  effect  of 
Gunpowder  to  the  fpring  or  ela dicity  of  the  air  in- 
clofed  in  the  feveral  grains  of  it,  and  in  the  intervals 
or  fpaces between  the  grains;  the  powder  being  kindled, 
fets  the  fprings  of  fo  many  little  parcels  of  air  a-play- 
ing,  and  dilates  them  all  at  once,  whence  the  effeH  ; 
the  powder  itfelf  only  ferving  to  light  a fire  which 
may  put  the  air  in  adllon  j after  which  the  whole  is 
done  by  the  air  alone. 

But  it  appears  from  the  experiments  and  obfervatlons 
of  Mr.  Robins,  that  if  this  air  be  in  its  natural  flate 
at  the  time  when  the  powder  is  fired,  the  greateft  ad- 
dition its  elaflicity  could  acquire  from  the  flame  of  the 
explofion,  would  not  amount  to  five  times  its  ufual 
quantity,  and  therefore  could  not  fiiffice  for  the  200th 
part  of  the  effort  which  is  exerted  by  fired  powder. 

To  underftand  the  force  of  Gunpowder,  it  muff  be 
confidered  that,  whether  it  be  fired  in  a vacuum  or  in 
air,  it  produces  by  its  explofion  a permanent  elaffic 
fluid.  See  Philof.  Tranf.  number  ; alfo  Haukf- 
bee’s  Phyf.  Meehan.  Exp.  p.  81.  it  alfo  appears 
from  experiment,  that  the  elafficity  or  preflure  of  the 
fluid  produced  by  the  firing  of  Gunpowder,  is,  caiteris 
paribus,  diredlly  as  its  denfityG 

To  determine  the  elafficity  and  quantity  of  this  elaf- 
tic  fluid,  produced  from  the  explofion  of  a given  quan- 
tity of  Gunpowder,  Mr.  Robins  premifes,  that  the 
elafficity  of  this  fluid  increafes  by  heat,  and  diminlflies 
by  cold,  in  the  lame  manner  as  that  of  the  air  ; and 
that  the  denfity  of  this  fluid,  and  confeqiiently  its 
weight,  is  the  fame  with  the  weight  of  an  equal  bidk 
of  air,  having  the  fame  elafficity  and  the  fame  tempera- 
ture. From  thefe  principles,  and  frpm  the  experiments 
by  which  they^  are  effabliflied  (for  a detail  of  which  we 
muff  refer  to  the  book  itfelf,  fo  often  cited  in  thefe  ar- 
ticles), he  concludes  that  the  fluid  produced  by  the  fir- 
ing of  Gunpowder  is  nearly  pg-  of  the  weight  of  the 
generating  powder  itlelf ; and  that  the  volume  or  bulk 
of  this  air  or  fluid,  when  expanded  to  the  rarity  of 
common  atmofpheric  air,  is  about  244  times  the  bulk 
of  the  faid  generating  powder. — Count  Saluce,  in  his 
Mifcel.  Phil.  Mathem.  Soc.  Priv.  Taurin.  p.  125, 
makes  the  proportion  as  222  to  i ; which  he  fays 
agrees  with  the  computation  of  Meff.  Haukfbee,  Amon- 
tons,  and  Belidor, 

Hence  it  appears,  that  any'  quantity  of  powder  fired 
in  any  confined  fpace,  which  it  adequately  fills,  exerts 
at  the  inffant  of  its  explofion  againff  the  fides  ol  the 
veffel  containing  it,  and  the  bodies  it  impels  before  it,  a 
force  at  leaff  244  times  greater  than  the  elafficity  of 
common  air,  or,  v/hich  is  the  fame  thing,  than  the 
preflure  of  the  atmofphere  ; and  this  without  confider- 
ing  the  great  addition  arifing  Irom  the  violent  degree 
of  heat  with  which  it  is  endued  at  that  time  ; the 
quantity  of  whu:h  augmentation  is  the  next  head  of 
Mr.  Robins’s  enquiry.  He  determines  that  the  elaffi- 
city of  the  air  is  augmented  in  a proportion  fomewhat 
greater  than  that  of  4 to  r,  when  heated  to  the  ex- 
Iremeff  heat  of  red  hot  iron ; and  fuppofing  that  the 


flame  of  fired  Gunpowder  is  not  of  a lefs  degree  of 
heat,  Increafing  the  former  number  a little  more  than 
4 times,  makes  nearly  1000;  which  fliews  that  the 
elafficity  of  the  flame,  at  the  moment  of  explofion,  is 
about  1000  times  flronger  than  the  elafficity  of  com- 
mon air,  or  than  the  preffure  of  the  atmofphere.  But, 
from  the  height  of  the  barometer,  it  is  known  that  the 
preffure  of  the  atmofphere  upon  every  fquare  inch,  is 
on  a medium  14I  lb  ; and  therefore  .ooo  times  this,  or 
147501b,  is  the  force  or  preffure  of  the  flame  of  Gun- 
powder, at  the  moment  of  ei^plofion,  upon  a fquare 
inch,  which  is  very  nearly  equivalent  to  6 tons  and  a 
half. 

This  great  force  however  diminlflies  as  the  fluid  di- 
lates Itfelf,  and  in  that  proportion,  viz,  in  proportion 
to  the  fpace  It  occupies,  it  being  only  half  the  flrength 
when  it  occupies  a double  fpace,  one  third  the  flrength 
when  triple  the  fpace,  and  fo  on, 

Mr.  Robins  farther  fuppofes  the  degree  of  heat  above 
mentioned  to  be  a kind  of  medium  heat ; but  that  in 
the  cafe  of  large  quantities  of  powder  the  heat  will  be 
higher,  and  in  very  fmall  quantities  lower ; and  that 
therefore  in  the  former  cafe  the  force  will  be  fomewhat 
more,  and  in  the  latter  fomewhat  lefs,  than  1000  times 
the  force  of  the  atmofphere. 

He  farther  found  that  the  flrength  of  powder  is 
the  fame  in  all  variations  in  the  dei.fity  of  the  atmo- 
fpherc.  But  that  the  moiffure  of  the  air  has  a great 
effedt  upon  it ; for  the  fame  quantity  which  In  a dry 
fcafon  would  difeharge  a bullet  with  a velocity'-  of  1700 
feet  in  one  fecond,  will  not  in  damp  weather  give  It 
a velocity  of  more  than  12  or  1300  feet  in  a fecond,  or 
even  lefs,  if  the  powder  be  bad,  and  negligently  kept. 
Robins’s  Tradls,  vol.  i,  p.  10 1,  &c.  Farther,  as  there 
is  a certain  quantity  of  water  which,  when  mixed  with 
powder,  will  prevent  its  firing  at  all,  it  cannot  be  doubted 
but  every  degree  of  moiflure  mull  abate  the  violence 
of  the  explofion  ; and  hence  the  effetls  of  damp  pow>o 
der  are  not  difficult  to  account  for. 

It  is  to  be  obferved,  that  the  moiflure  imbibed  by 
powder  does  not  render  it  lefs  adlive  when  dried  again. 
Indeed,  if  powder  be  expofed  to  very  great  damps  with- 
out any  caution,  or  when  common  fait  abounds  in  it,  as 
often  happens  through  negligence  in  refining  the  nitre, 
in  fuch  cafes  the  moiffure  It  Imbibes  may  perhaps  be 
fufficient  to  diffolve  fome  part  of  the  nitre  : which  Is  a 
permanent  damage  that  no  drying  can  retrieve.  But 
when  tolerable  care  Is  taken  In  preferving  powder,  and 
the  nitre  It  is  compofed  of  has  been  well  purged  from 
common  fait,  it  will  retain  its  force  for  a long  time  ; 
and  it  is  laid  that  powder  has  been  known  to  have  been 
preferred  for  50  years  without  any  apparent  damage 
from  its  age. 

The  velocity  of  expanfion  of  the  flame  of  Gunpow- 
der, when  fired  in  a piece  of  artillery,  without  either 
bullet  or  other  body  before  it,  is  pi-odigioufly  great, 
viz,  7000  feet  per  fecond,  or  upwards,  as  appears  from 
the  experiments  of  Mr.  Robins.  But  Mr.  Bernoulli 
and  Mr.  Euler  fufpedl  it  Is  flill  much  greater.  And 
I fufpedl  it  may  not  be  lefs,  at  the  moment  of  explofion, 
than  4 times  as  much. 

It  is  this  prodigious  celerity'-  of  expanfion  of  the 
flame  of  fired  Gunpowder,  which  is  Its  peculiar  excel- 
lence, and  the  circumffance  in  which  it  fo  eminently 
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hn  pulTes  all  other  inventions,  either  ancient  or  modern  : 
for  as  to  the  momentum  of  thefe  projectiles  only,  many 
of  the  warlike  machines  of  the  ancients  produced  this  in 
a degree  far  furpalfing  that  of  our  heavieft  cannon  (liot 
or  Ihells ; but  the  great  celerity  given  to  thefe  bodies 
cannot  be  in  the  lead  approached  by  any  other  means 
but  the  flame  of  powder. 

To  prove  Gunpov)der.  There  are  feveral  ways  of 
doing  this,  i,  By  fight  : thus,  if  it  be  too  black,  it 
is  a flgn  that  it  is  moifl,  or  elfe  that  it  has  too  much 
charcoal  in  it  ; fo  alfo,  if  rubbed  upon  white  paper,  it 
blackens  it  more  than  good  powder  does  : but  if  it  be 
of  a kind  of  azure  colour,  fomewhat  inclining  to  red,  it 
is  a flgn  of  good  powder.  2,  By  touching  ; for  if  in 
crufliing  it  with  the  fingers  ends,  the  grains  break  eafily, 
and  turn  into  dufl,  without  feeling  hard,  it  has  too 
much  coal  in  it  ; or  if,  in  prefiing  it  under  the  Angers 
upon  a fmooth  hard  board,  fome  grains  feel  harder  than 
•the  refl,  it  is  a flgn  the  fulphur  is  not  well  mixed  with 
the  nitre.  Alfo  by  thruiling  the  hand  into  the  par- 
cel of  powder,  and  grafping  it,  as  if  to  take  out  a 
handful,  you  will  feel  if  it  is  dry  and  equal  grained,  by 
its  evading  the  grafp,  and  running  moflly  out  of  the 
hand.  3,  By  burning;  and  here  the  method  moll 
commonly  followed  for  this  purpofe  with  us,  fays  Mr. 
Robins,  is  to  fire  a fmall  heap  of  it  on  a clean  board, 
and  to  attend  nicely  to  the  flame  ^nd  fmoke  it  produces, 
and  to  the  marks  it  leaves  behind  on  the  board  : but 
befldes  this  uncertain  method,  there  are  other  contriv- 
,ances  made  ufe  of,  fuch  as  powder-triers  aCting  by  a 
fpring,  commonly  fold  at  the  fliops,  and  others  again 
that  move  a great  weight,  throwing  it  upwards,  which 
is  a very  bad  fort  of  eprouvette.  But  thefe  machines, 
fays  Mr.  Robins,  though  more  ■ perfeCt  than  the 
common  powder-triers,  are  yet  liable  to  great  irre- 
gularities ; for  as  they  are  all  moved  by  the  inflanta- 
neous  ftroke  of  the  flame,  and  not  by  its  continued 
prelTure,  they  do  not  determine  the  force  of  the  fired 
powder  with  fufficlent  certainty  and  uniformity.  Ano- 
ther method  is  to  judge  from  the  range  given  to  a 
large  folid  ball,  thrown  from  a very  fliort  mortar,  charg- 
ed with  a fmall  quantity  of  powder ; which  is  alfo  an 
uncertain  way,  both  on  account  of  the  great  dlfpropor- 
tion  between  the  weight  of  the  ball  and  powder,  and 
the  unequal  refilfance  of  the  air  ; not  to  mention  that 
it  Is  too  tedious  to  prove  large  quantities  of  powder 
in  this  way  ; for,  “ if  each  barrel  of  powder  w^as  to 
be  proved  in  this  manner,  the  trouble  of  charging  the 
mortar,  and  bringing  back  the  ball  each  time,  would  be 
intolerable,  and  the  delay  fo  great,  that  no  bu'inefs  of 
this  kind  could  ever  be  fiuilhed ; and  if  a number  of 
barrels  are  received  on  the  merit  of  a few,  it  is  great 
odds,  but  fome  bad  ones  would  be  amongft  them,  which 
may  prove  a great  difappointment  in  time  of  fervice.*^ 
Thefe  exceptions  do  “ noways  hold,  continues  Mr, 
Robins,  againft  the  method  by  which  I have  tried  the 
comparative  ilrength  of  different  kinds  of  powder,  which 
has  been  by  the  adtual  velocity  given  to  a bullet, 
by  fuch  a quantity  of  powder  as  is  ufually  efteemed 
a proper  charge  for  the  piece  : and  as  this  velocity, 
however  great,  is  eafily  difeovered  by  the  motion  which 
the  pendulum  acquires  from  the  ftroke  of  the  bullet,  it 
might  feern  a good  amendment  to  the  method  iifed 
.by  the  French  (viz,  that  of  the  fmajl  mortar  above 


mentioned)  to  introduce  this  trial  by  the  penduhmt  in- 
Head  of  it.  But  though  I am  fatisfied,  that  this  would 
be  much  more  accurate,  lefs  laborious,  and  readier  than 
the  other,  yet,  as  there  is  fome  little  attention  and  cau- 
tion required  in  this  practice,  which  might  render  it 
of  lefs  difpatch  than  might  be  convenient,  when  a great 
number  of  barrels  were  to  be  feparately  tried,  1 fliould 
myfelf  choofe  to  pradlife  another  method  not  lefs  cer- 
tain, but  prodigloufly  more  expeditious;  fo  that  I 
could  engage,  that  the  weighing  out  of  a fmall  parcel 
of  powder  from  each  barrel  fhould  be  the  greateft  part 
of  the  labour  ; and,  doubtlefs,  three  or  four  hands  could, 
by  this  means,  examine  500  barrels  In  a morning  : be- 
fidcs,  the  machines  for  this  purpofe,  as  they  might  be 
made  of  caft  iron,  would  be  fo  very  clieap,  that  they 
might  be  multiplied  at  pleafure.’^  Robins,  page  123, 
It  is  not  certainly  known  what  might  be  the  particular 
conftiuclion  of  the  eprouvette  here  hinted  at,  but  it 
was  probably  a piece  of  ordnance  fufpended  like  a pen- 
dulum, as  he  had  made  feveral  experiments  with  a bar- 
rel in  that  manner.  Be  this  however  as  it  may,  feve- 
ral perfons,  from  thofe  ideas  and  experiments  of  Mr, 
Robins,  have  made  eproiivettes  on  this  principle,  which 
feems  to  be  the  beft  of  any  ; and  on  this  idea  alfo  I 
have  lately  made  a machine  for  this  purpofe,  which  has 
feveral  peculiar  contrivances,  and  advantages  over  all 
others,  Both  in  the  nature  of  Its  motion,  and  the  divi- 
fions  on  its  arc,  &c.  It  Is  a fmall  cannon,  the  bore 
of  which  is  about  one  inch  in  diameter,  and  is  ufually 
charged  with  2 ounces  of  powder,  and  with  powder 
only,  as  a ball  is  not  neceftary,  and  the  ftrength  of  the 
powder  is  accurately  (hewn  by  the  arc  of  the  gun’s  r<e.^ 
coil.  The  whole  machine  is  fo  Ample,  eafy,  and  expe- 
ditious, that,  as  Mr.  Robins  obferved  above,  the  weigh- 
ing of  the  powder  is  the  chief  part  of  the  trouble  *, 
and  fo  accurate  and  uniform,  that  the  fucceflive  repe- 
titions or  firings  with  the  fame  quantity  of  the  fame  fort 
of  powder,  hardly  ever  yield  a difference  in  the  recoil 
of  the  1 Goth  pai  t of  itfelf. 

To  recover  damaged  Powder*  The  method  of  the 
powder  merchants  is  this;  they  put  part  of  the  powder 
on  a fail-cloth,  to  which  they  add  an  equal  weight  of 
what  is  really  good ; then  with  a fhovel  they  mingle  it 
well  together,  diy  it  in  the  fun,  and  barrel  it  up,  keep- 
ing It  in  a dry  and  proper  place, 

Otliers  again,  if  it  be  very  bad,  reftore  It  by  moiften- 
ing  it  with  vinegar,  water,  urine,  or  brandy  ; then  they 
beat  it  fine,  fift  it,  and  to  every  pound  of  powder  add 
an  ounce,  or  an  ounce  and  a half,  or  two  ounces  (ac- 
cording as  it  is  decayed),  of  melted  nitre;  and  after- 
wards thefe  ingredients  are  to  be  molftened  and  well 
mixed,  fo  that  nothing  may  be  difeerned  in  the  compo- 
fition  ; which  may  be  known  by  cutting  the  niafs,  and 
then  they  granulate  it  as  ufeful. 

In  cafe  the  powder  be  quite  fpolled,  the  only  way  is 
to  cxtradl  the  faltpetre  with  water,  in  the  ufnal  way,  by 
boiling,  filtrating,  evaporating,  and  cryftallizing  ; and 
then,  with  frefli  fulphur  and  charcoal,  to  make  it  up 
afrefh. 

On  the  fubjedt  of  Ounpowder,  fee  alfo  Euler-on  Ro- 
bins’s Gunnery,  Antoni  Examen  de  la  Poudre,  Baume’s 
Chemiftry,  and  Thorapfon’s  Experiments  in  the  Philof. 
Tranfi  for  1781. 

GUNTER  (Eomund),  an  excellent  Englifh  ma- 
thematician, 
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fftematician,  was  born  in  Hertfordfliirc  in  He 

was  educated  at  Wedminfter  fchool  under  Hr.  Bufby, 
and  from  thence  was  eledled  to  Chrltl-church  College, 
Oxford,  in  1599?  where  he  took  the  degree  of  mailer 
of  arts  in  r6iD6,  and  aft'erwards  entered  into  holy  or- 
ders; and  in  1615  he  took  the  degree  of  bachelor  of 
divinity.  But  being  particularly  diftlnguilked  for  his 
mathematical  talents,  when  Mr.  AVilliams  rellgned  the 
profefTorfhip  of  aftronomy  in  Grelliam  College,  Lon- 
don, Mr.  Gunter  was  chofen  to  fucceed  him,  the  6th 
of  March,  1619;  where  he  greatly  diftlnguiUied  him- 
felf  by  his  leftures  and  writings,  and  where  he  died  In 
1626,  at  only  45  years  of  age,  to  the  great  lofs  of  the 
mathematical  world, 

Mr.  Gunter  was  the  author  of  many  ufeful  inventions 
and  works.^  About  the  year  1606,  he  merited  the  ti- 
tle of  an  inventor,  by  the  new  projection  of  his  Sec- 
tor, which  he  then  defcribed  in  a Latin  treatife,  not 
printed  however  till  fome  time  afterwards-. — In  1618  he 
had  Invented  a fmall  portable  quadrant,  for  the  more  eafy 
finding  the  hour  and  azimuth,  and  other  ufeful  purpofes 
in  aftronomy. — And  In  1620  or  1623,  he  publlflied  his 
Ganon  TriangtiJorwn^  or  Table  of  Artificial  Sines  and 
Tangents,  to  the  radius,  10,000,000  parts,  to  every 
minute  of  the  quadrant,  being  the  firft  tables  of  this 
kind  publlftred;  together  with  the  firft  1000  of  Briggs’s 
logarithms  of  comnron  numbers,  which  were  in  later 
editions  extended  to  10, coo  numbers. — Ini622,  he  dlf- 
covered,  by  experiment  made  at  Deptford,  the  variation 
or  changeable  declination  of  the  magnetic  needle  ; his- 
experiment  ftiewing  that  the  declination  had  changed 
by  5 degrees  in  the  fpace  of  42  years  ; and  the  fame 
was  confirmed  and  eftablifhed  by  his  fucceffor  Mr.  Gel- 
librand. — He  applied  the  logarithms  of  numbers,  and  of 
fines  and  tangents,  to  ftralght  lines  drawn  on  a fcalcor 
rule;  with  which  proportions  in  common  numbers  and 
trigonometry  were  refolved  by  the  mere  application  of  a 
pair  of  compaffes  ; a method  founded  on  this  property,, 
that  the  logarithms  of  the  terms  of  equal,  ratios  arc 
equidifferent.  This  was  called  Gunter’s  Proportion,  and 
Gunter’s  Line  ; and  the  inftrument.  In  the  form  of  a 
two-foot  fcale,  is  now  In  common  ufe  for  navigation  and 
other  purpofes,  and  is  commonly  called  the  Gunter. 
He  alfo  greatly  improved  the  Sedor  and  other  inftru- 
ments  for  the  fame  ufes  ; the  defeription  of  all  which  he 
publllhed  In  1624. — He  introduced  the  common  mea- 
I'uring  chain,  now  conftantly  ufed  in  land-furveying, 
which  is  thence  called  Gunter’s  Chain. — Mr.  Gunter 
drew  the  lines  on  the  dials  in  Whitehall-garden,  and 
wrote  the  defeription  and  ufe  of  them,  by  the  direOlion 
orprince  Charles,  in  a fmall  traeft  ; which  he  afterwards 
printed  at  the  defire  of  king  James,  in  1624. — He  was 
the  firft  who  ufed  the  word  co-fine,  for  the  fine  of  the 
complement  of  an  arc.  He  alfo  introduced  the  ufe 
of  Arithmetical  Complements  into  the  logarlthmicai 
arithmetic,  as  is  witnefied  by  Briggs,  cap.  i 3,  Arlth, 
Log.  And  it  has  been  faid  that  he  firft  flarted  the  idea 
of  the  Logarithmic  Curve,  which  was  fo  called,  becaufe 
the  fegments  of  its  axis  are  the  logarithms  of  the  cor- 
refponding  ordinates. 

His  worKs  have  been  colledled,  and  various  editions  of 
them  have  been  publlfned ; the  5th  is  by  Mr.  William 
I^eyboiirn,  In  1673,  containing  the  Defeription  and 
yfe  of  the  Sedor,  Crofs-ftaft,  Bow,  Quadrant^  and 
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oblier  inftruments ; with  feveral  pieces  added  by  Samiicl 
Fofter,  Henry  Bond,  and  William  Leybourn. 

Gunter’s  Chain,  the  chain  in  common  ufe  for 
mcafuring  land,  according  to  true  or  ftatutc  meafure  ; fo 
called  from  Mr.  Gunter  its  reputed  Inventor. 

The  length  of  the  chain  is  66  feet,  or  22  yards,  or 
4 poles  of  5^  yards  each  ; and  It  is  divided  into  too 
links,  of  7*92  iuches  each. 

This  Chain  is  the  moft  convenient  of  any  thing  for 
meafuring  land,  becaufe  the  contents  thence  computed 
are  fo  eafily  turned  into  acres.  The  reafon  of  which  is, 
that  an  acre  of  land  is  juft  equal  to  10  fqiiare  chains,  or 
10.  chains  In  length  and  i in  breadth,  or  equal  to 
100000  fquare  links.  Hence,  the  dimenfions  being  taken 
in  chains,  and  multiplied  together,  it  gives  the  content  in 
fquare  chains  ; which  therefore  being  divided  by  10,  or 
a figure  cut  off  for  decimals,  brings  the  content  to 
acres  ; after  which  the  decimals  arc  reduced  to  roods 
and  perches,  by  multiplying  by  4 and  40.  But  the  bet- 
ter way  is  to  fet  the  dimenfions  down  in  links  as  integers, 
confidering  each  chain  as  100  links  ; then,  having 
multiplied  tlie  dimenfions  together,  producing  fquare 
links,  divide  theie  by  looooo,  that  is,  cut  off  five  places 
for  decimals,  the  reft  are  acres,  and  the  decimals  are  re- 
duced to  roods  and  perches,  as  before. 

E,\\  Suppofe  in  meafuring  a re6langular  piece  of. 
ground,  its  length  he  793  links, 
and  its  breadth  480  links. 


Ac.  3*81600 

4 

Ro.  3*264 

40 

Per.  10*560 

So  the  content  is  3 ac.  3 roods  10  perches, 

Gunter’s  Line,  a Logarithmic  line,  ufually  gra- 
duated upon  fcales,  feclors,  &c  ; and  fo  called  from  its 
inventor  Mr.  Gunter, 

This  Is  otherwife  called'  the  line  of  lines ^ or  Vine  of 
numbers^  and  confiftsof  the  logarithms  transferred  upon 
a ruler,  &c,  from  the  tables,  by  means  of  a fcale  of 
equal  parts,  which  therefore  ferves  to  refolve  problems 
ihftrumentally,  In  the  fame  manner  as  logarithms  do 
arithmetically.  For,  whereas  logarithms  refolve"  pro- 
portions, or  perform  multiplication  and  divifion,  by 
only  addition  and  fubtradtion,  the  fame  are  performed 
on  this  line  by  turning  a pair  of  compaffes  over  this  way 
or  that,  or  by  hiding  one  flip  of  wood  by  the  fide  of 
another,  &c. 

This  line  has  been  contrived  various  ways,  for  the  ad- 
vantage of  having  it  as  long  as  poflible.  As,  firft,  on 
the  two- feet  ruler  or  fcale,  by  Gunter.  Then,  in  1627 
the  logarithms  were  drawn  by  Wingate,  on  two  feparate 
rulers,  Aiding  againft  each  other,  to  fave  the  ufe  of 
compaffes  In  refolving  proportions.  They  were  alfo  in 
1627  applied  to  concentric  circles  by  Oughtred.  Then 
in  a fpiral  form  by  Mr.  Milburne  of  Yorklhlre,  about  the 
year  1650,  Alfo,  in  1657,  on  the  prefent  common 
Aiding  rule,  by  Seth  Partridge. 

Laftly,  Mr.  William  Nicholfon  has  propofed  another 
difpofition  of  them,  on  concentric  circles,  in  the  Philof, 
Tranf,  an.  17S7,  pa.  251.  His  inftrument  is  equivalent 
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to  a (Iraight  rule  of  28. ^ inches  lono;.  It  confifts  of 
three  concentric  circles,  engraved  and  graduated  on  a 
plate  of  about  1 inch  in  diameter.  From  the  centre 
proceed  two  legs,  having  right-lined  edges  in  the  direc- 
tion of  radii ; which  are  moveable  either  fmgly,  or  toge- 
ther. To  ufe  this  inflrument  ; place  the  edge  of  one 
leg  at  the  antecedent  of  any  proportion,  and  the  other 
at  the  confequeiit,  and  fix  them  to  that  angle  : the  two 
legs  being  then  moved  together,  and  the  antecedent  leg 
placed  at  any  other  number,  the  other  leg  gives  its  con- 
fequent  in  the  like  pofition  or  fituation  on  the  lines. 

The  whole  length  of  the  line  is  divided  into  two 
equal  intervals,  or  radii,  of  9 larger  divlfions  in  each 
radius,  which  are  numbered  from  i to  ro,  the  i Hand- 
ing at  the  beginning  of  the  line,  becaufe  the  logarithm 
of  I iso,  and  the  10  at  the  end  of  each  radius ; alfo 
each  of  thefe  9 fpaces  is  fubdivided  into  10  other  parts, 
unequal  according  to  the  logarithms  of  numbers  ; the 
fmaller  divifions  being  always  loths  of  the  larger  ; thus, 
if  the  large  divifions  be  units  or  ones,  the  fmaller  are 
tenth-parts  ; if  the  larger  be  tens,  the  fmaller  are  ones  ; 
and  if  the  larger  be  lOo’s,  the  fmaller  are  lo’s  ; &c.  ^ 

Ufe  of  Gunter’ s Line.  i . L o find  the  prodiiB  of  tzuo 
numbers.  Extend  the  compafTes  from  i to  either  of  the 
numbers,  and  that  extent  will  reach  the  fame  way  from 
the  other  number  to  the  produdl.  Thus,  to  multiply  7 
and  5 together  ; extend  the  compafi'es  from  1 to  5,  and 
that  extent  will  reach  from  7 to  35,  which  is  the  pro- 
duct. 

2t  To  divide  one  ntimher  hy  another.  Extend  the 
compafTes  from  the  divifor  to  i,  and  that  extent  wall 
reach  the  fame  w^ay  from  the  dividend  to  the  quotient. 
Thus,  to  divide  35  by  5.;  extend  the  compafTes  from  5 
to  r,  and  that  extent  will  reach  from  35  to  7,  which 
is  the  quotient. 

3.  L 0 find  a i\.th  Proportional  to  three  given  Numlers  / 
as  iuppofe  to  6,  9,  and  lo.  Extend  from  6 to  9,  and 
that  extent  will  reach  from  10  to  15,  which  is  the 
4th  proportional  fought.  And  the  fame  way  a 3d^ 
proportional  is  found  to  two  given  terms,  extend- 
ing" from  the  ifl  to  the  2d,  and  then  from  the  2d 
to  the  3d. 

4.  To  find  a Mean  Proportional  between  two  given 
numbers,  as  fuppofe  between  7 and  28.  Extend  from 
7 to  28,  and  bifedt  that  extent ; then  its  half  will  reach 

'j  from  7 forward,  or  from  28  backward,  to  14,  the  mean 
proportional  between  them. — Alfo,  to  extradh  the 
fquare  root,  as  of  25,  which  is  only  finding  a mean 
proportional  between  i and  the  given  fquare  25,  bifedt 
the  diftance  between  i and  25,  and  the  half  will  reach 
from  I to  the  root  fought. — In  like  manner  the  cu- 
bic or  3d  root,  or  the  4th,  5th,  or  any  higher  root,  is 
found,  by  taking  the  extent  between  i and  the  given 
power;  then  take  fuch  part  of  it  as  is  denoted  by  the 
index  of  the  root,  viz,  the  3d  part  for  the  cube  root,  the 
4th  part  for  the  4th  root,  and  fo  on,  and  that  part  will 
reach  from  1 to  the  root  fought. 

If  the  Line  on  the  Scale  or  Ruler  have  a fiider,  this 
is  tobe  ufedinftead  of  the  compafTes. 

Gu  nter’s  Quadrant,  is  a quadrant  made  of  wood, 
brafs,  or  Tome  other  fubftance  ; being  a kind  of  ftereo- 
graphic  projedlion  on  the  plane  of  the  equinodtial,  the 
eye  being  fuppofed  in  one  of  the  poles  : fo  that  the  tro- 
pic, ecliptic,  and  horizon,  form  the  arches  of  circles, 


but  the  hour  circles  other  curves,  drawm  by  means  of  fc- 
veral  altitudes  of  the  fun,  for  fome  particular  latitude 
every  day  in  the  year. 

The  ufe  of  this  inflrument,  is  to  find  the  hour  of  the 
day,  the  fun^s  azimuth,  &c,  and  other  common  pro- 
blems of  the  fphere  or  globe  ; as  alfo  to  take  the  altitude 
of  an  objedt  in  degrees.  See  Quadrant. 

Gunter’s  Scale,  ufualiy  called  by  Teamen  the 
Gunter,  is  a large  plain  fcale,  having  various  lines  upon 
it,  of  great  ufe  in  working  the  cafes  or  queflions  in  Na- 
vigation. 

This  Scale  is  ufualiy  2 feet  long,  and  about  an  inch 
and  a half  broad,  with  various  lines  upon  it,  both  na- 
tural and  logarithmic,  relating  to  trigonometry,  navi- 
gation, &c. 

On  the  one  fide  are  the  natural  lines,  and  on  the 
other  the  artificial  or  logarithmic  ones.  The  former  fide  is 
firfl  divided  into  inches  and  tenths,  and  numbered  from 
I to  24  inches,  running  the  whole  length  near  one  edge. 
One  half  the  length  of  this  fide  confifts  of  two  plane  dia- 
.gonal  fcales,  for  taking  off  dimenfions  to  three  places  of 
figures.  On  the  other  half  or  foot  of  this  fide,  are 
contained  various  lines  relating  to  trigonometry,  in  the 
natural  numbers,  and  marked  thus,  viz, 

Rumb,  the  rumbs  or  points  of  the  compafs, 

Chord,  the  line  of  chords, 

Sine,  the  line  of  fines, 

- Tang,  the  tangents, 

S,  T,  the  femitangents, 

and  at  the  other  end  of  this  half  are 
Leag,  leagues,  ©r  equal  parts, 

Rumb,  another  line  of  rumbs, 

M,  L.  miles  of  longitude, 

Chor,  another  line  of  chords. 

Alfo  in  the  middle  of  this  foot  are  L.  and  P.  two  other 
lines  of  equal  parts.  And  all  thefe  lines  on  this  fide  of 
the  fcale  fervefor  drawing  or  laying  do\Vn  the  figures  to 
the  cafes  in  trigonometry  and  navigation. 

On  the  other  fide  of  the  fcale  are  the  following  artifi- 
cial or  logarithmic  lines,  which  ferve  for  working  or 
folving  thofe  cafes  ; viz, 

*5*.  R,  the  fine  rumbs, 

T.  R,  the  tangent  rumbs, 

Numb,  line  of  numbers, 

Sine,  Sines, 

V.  S,  the  verfed  fines, 

Tang,  the  tangents, 

Merl,  Meridional  parts. 

E.  P.  Equal  parts. 

The  late  Mr.  John  Robertfon,  librarian  to  the  Royal 
Society,  greatly  improved  this  fcale,  both  as  to  fize  and 
accuracy,  for  the  ufe  of  mariners.  He  extended  it  to 
30  inches  long,  2 inches  broad,  and  half  an  inch  thick  ; 
upon  which  the  feveral  lines  are  very  accurately  laid 
down  by  Meflrs.  Nairne  and  Blunt,  ingenious  inftru- 
ment  makers.  Mr.  Robertfon  died  before  his  improved 
fcales  were  publifhed  ; but  the  account  and  defeription 
of  them  were  fupplied  and  drawn  up  by  his  friend  Mr, 
William  Mountaine,  and  publifhed  in  1778, 

GUTT^,  or  Drops,  in  Architedlure,  are  ornaments 
in  form  of  little  bells  or  cones,  iifed  in  the  Doric  order, 
on  the  architrave,  below  the  tryglyphs.  There  are 
ufualiy  fix  of  them. 
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Hadley’s  ^^aJrant,^  Sextant^  he,  an  excellent 
inftrument  fo  called  from  its  inventor  John  Had- 
ley, Efq.  See  its  defeription  and  ufe  under  the  article 
Quadrant. 

HAIL,  or  Hailst  ONES,  an  aqueous  concretion, 
ufuallyin  form  of  white  or  pellucid  fpherules,  defeend- 
ing  out  of  the  atmofphere. 

Haiiftones  affume  various  fliapes,  being  fometimes 
round,  at  other  times  pyramidal,  crenated,  angular, 
thin,  and  flat,  and  fometimes  flellated,  with  fix  radii  like 
the  fmall  cryflals  of  fnow. 

It  is  very  difficult  to  account  for  the  phenomena  of 
hall  in  a fatisfactoi*y  manner  ; and  there  are  various 
opinions  upon  tills  head.  It  is  ufually  conceived  that 
hall  is  formed  of  drops  of  rain,  frozen  in  their  paflage 
through  the  middle  region.  Others,  as  the  Cartenans, 
take  it  for  the  fragments  of  a frozen  cloud,  half  melted, 
and  thus  precipitated  and  congealed  again.  Slgnior 
Beccaria  fuppofes,  that  it  is  formed  in  the  higher  regions 
of  the  air,  where  the  cold  is  intenfe,  and  where  the 
cledlrlc  matter  is  very  copious.  In  thefe  clrcumflances, 
a great  number  of  particles  of  water  are  brought  near 
together,  where  they  are  frozen,  and  in  their  defeent 
they  colleft  other  particles;  fo  that  the  denfity  of  the 
fublfance  of  the  Hailftone  grows  lefs  and  lefs  from  the 
centre  ; this  being  formed  firft  in  the  higher  regions, 
and  the  furface  being  collected  in  the  lower.  Accord- 
ingly,  in  mountains,  Hailflones  as  well  as  drops  of 
rain,  are  very  fmall  ; and  both  agree  in  this  circum- 
ftance,  that  the  more  Intenfe  is  the  electricity  that  forms 
them,  the  larger  they  are. 

It  is  frequently  obferved  that  Hall  attends  thunder 
and  lightning  ; and  hence  Beccaria  obferves,  that  as 
motion  promotes  freezing,  fo  the  rapid  motion  of  the 
cieCtrifled  clouds  may  promote  that  effedf  in  the  air. 

Natural  hillories  furnifli  us  with  a great  variety  of 
curious  inftances  of  extraordinary  fhowers  of  Hail. 
Bee  the  Phllof.  Tranf.  number  203,  229  ; and  Hill,  de 
France,  tom.  2,  pa.  339. 

HALF-Moon,  in  Fortification,  is  an  outwork  hav- 
ing only  two  faces,  forming  together  a faliant  angle, 
which  is  flanked  by  fome  part  of  the  place,  and  of  the 
other  baftions.  vSee  Demilune  and  Ravelin. 

Half-Tangents,  are  the  tangents  of  the  half 
arcs.  See  Scale  and  Semitangents. 

HALLEY  (Dr.  Edmund),  a moll  eminent  En- 
glifh  mathematician,  philofophcr  and  aflronomer,  was 
born  in  the  parifli  of  St,  Leonard,  Shoreditch,  near 
VoL.  I. 
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London,  Ocf.  29,  1656.  His  father,  a wealthy  citi- 
zen and  loap-boiler,  refolving  to  improve  the  promifing 
difpofition  oblerved  in  hisfon,  put  him  firfl-to  St.  Paul’s 
fchool,  where  he  loon  excelled  in  all  parts  of  claffical 
learning,  and  made  beiides  a conliderable  advance  in  the 
mathematics  ; fo  that,  as  Wood  obferves,  be  had  per- 
fectly learnt  the  ufe  of  the  celeflial  globe,  and  could 
make  a complete  dial  ; and  we  are  informed  by  Halley 
himfelf,  that  he  obferved  tlie  change  of  the  variation  of 
the  magnetic  needle  at  London  in  1672,  one  year  be- 
fore he  left  fchool.  In  1673  he  was  fent  to  Oxford, 
where  he  cliiefly  applied  liimftHf  to  mathematics  and 
aftronomy,  in  wliich  he  was  greatly  aflifted  by  a curious 
, apparatus  of  Inflruments,  which  his  father,  willing  to 
encourage  his  Ton's  genius,  had  purchafed  for  him.  At 
19  years  of  age  he  began  to  oblige  the  world  with  new 
obfervations  and  difeoveries  (which  lie  continued  to 
do  to  the  end  of  a very  long  life),  by  publifliing  A Di- 
re6l  and  Geometrical  method  of  finding  the  Aphelia  and 
Excentricity  of  the  planets.”  Befidcs  various  particu- 
lar obfervations,  made  from  time  to  time  upon  the  ce- 
leftial  phenomena  ; he  had,  from  his  firft  admiflion  into 
college,  purfued  a general  fcheme  for  afeertaining  the 
true  places  of  the  fixed  ftars,  and  fo  to  correCf  the 
errors  of  Tycho  Brahe.  His  original  view  in  this  was, 
to  carry  on  the  defign  of  that  firft  reftorerof  aftronomy, 
by  completing  the  catalogue  of  thofe  liars  from  his  own 
obfervations  ; but  upon  farther  enquiry,  finding  this 
province  taken  up  by  Hevelius  and  Flamftced,  he  drop- 
ped that  purfuit,  and  formed  another  ; which  was,  to 
perfeCt  the  wliole  fcheme  of  the  heavens,  by  the  addition 
of  the  ftars  which  lie  fo  near  the  fouth  pole,  that  they 
could  not  be  obferved  by  tliofe  aftronomers,  as  never 
rifing  above  the  horizon  either  at  Dantzick  or  at  Green- 
wich. With  this  view  he  left  the  Univerfity,  before 
he  had  taken  any  degree,  and  embaiked  for  the  ifland 
of  St.  Helena  in  Nov.  1676,  when  he  was  only  20  years 
of  age,  and  arriied  there  after  a voyage  of  three 
months.  He  Immediately  fet  about  his  tafle  with  fuck 
diligence,  that  lie  completed  his  catalogue,  and,  return- 
ing home,  landed  in  England  in  Nov.  1678,  after  an 
abfence  of  two  years  only.  Tlie  univerfity  of  Oxford 
immediately  conferred  upon  him  the  degree  of  A.  M. 
and  the  Royal  Society  of  London 'eledled  him  one  of 
their  members. 

In  1679  he  was  pitched  upon  by  the  Royal  Society 
to  go  to  Dantzick,  to  endeavour  to  adjuft  a 'difpute 
between  Hevelius  and  Mr.  Hooke,  concerning 'the  pre- 
4 E ' ference 
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ference  as  to  plain  and  glafs  fights  in  allrofcopical 
inflruments.  He  arrived  at  Dantzick  the  26th  of  May, 
when  he  immediately,  in  conjunilion  with  Hevelius,  fet 
about  their  aftronomical  obfervations,  which  they  clofely 
continued  till  the  i8th  of  July,  when  Halley  left  Dant- 
zick,  and  returned  to  England. 

In  the  year  1680  he  undertook  what  is  called  the 
grand  tour,  accompanied  by  his  friend  the  celebrated 
Mr.  Nelfon.  In  the  way  from  Calais  to  Paris,  Mr. 
Halley  had  a fight  of  a remarkable  cornet,  as  it  then  ap- 
peared a fecond  time  that  year,  in  its  return  from  the 
fun.  He  had  the  November  before  feen  it  in  its  defcent  ; 
and  he  now  haftened  to  complete  his  obfervations  upon 
it,  by  viewing  it  from  the  royal  obfervatory  of  France. 
His  defign  in  this  part  of  his  tour  was,  to  fettle  a 
friendly  correfpondence  between  the  two  royal  aftrono- 
_mers  of  Greenwich  and  Paris  ; and  in  the  mean  time  to 
improve  himfelf  under  fo  great  a mailer  as  Caffini.  From 
thence  he  went  to  Italy,  where  he  fpent  great  part  o£ 
the  year  j6Si;  but  his  aftairs  calling  him  home,  he 
then  returned  to  England. 

Soon  after  his  return,  he  married  the  daughter  ofMr. 
Tooke,  auditor  of  the  exchequer,  and  took  up  his  re- 
fidence  at  Illington,  w^here  he  fet  up  his  tube  and  fex- 
tant,  and  eagerly  purfued  his  favourite  lludy  : in  the 
fociety  of  this  amiable  lady  he  lived  happily  for  five-and- 
fifty  years.  In  1683  he  publilhed  his  Theory  of  the  Va- 
riation of  the  Magnetical  Compafs  ; in  which  hefuppofes 
the  whole  globe  of  the  earth  to  be  one  great  magnet, 
having  four  magnetical  poles  or  points  of  attradllon,  &c. 
The  fame  year  aifo  he  entered  upon  a new  method  of 
finding  out  the  longitude,  by  an  accurate  obfervation  of 
the  moon’s  motion.  - FI  is  purfuits  it  feems  were  now  a 
little  interrupted  by  the  death  of  his  father,  who  hav- 
ing fuffered  greatly  by  the  fire  of  London,  as  well  as  by 
a fecond  marriage,  into  which  he  had  imprudently  en- 
tered, was  found  to  have  wafted  his  fortunes.  Our  au- 
thor foon  refumed  his  purfuits  however  ; for  in  the  be- 
ginning of  1684  he  turned  his  thoughts  to  the  fubjedl  of 
Kepler’s  fefqui-alterate  proportion  ; when,  after  feme 
meditation,  he  concluded  from  it,  that  the  centripetal 
force  mull  decreafe  in  proportion  to  the  fquare  of  the 
diftance  reciprocally,  hie  found  himfelf  unable  to 
make  it  out  in  any  geometrical  way  ; and  therefore,  af- 
ter applying  in  vain  for  alTillance  to  Mr.  Hooke  and  Sir 
Chrifcoplier  Wren,  he  went  to  Cambridge  to  Mr.  New- 
ton, who  fully  fupplied  him  with  what  he  fo  ardently 
fought.  But  Halley  having  now  found  an  immenfe 
treafure  in  Newton,  could  not  relt,  till  he  had  prevailed 
with  the  owner  to  enricii  the  public  with  it  ; and  to 
this  interview  the  world  is  in  fome  mcafure  indebted  for 
the  Principia  Mathematica  Philofophia  Naturalis.  That 
great  work  was  publlfiied  in  1686  ; and  Halley,  w’-ho 
had  the  whole  care  of  the  imprelTion,  prefixed  to  it  a 
difeourfe  of  his  own,  giving  a general  account  of  the 
ailronomlcal  part  of  the  book  j and  alfo  a very  elegant 
copy  of  verfes  in  Latin. 

In  1687  he  undertook  to  explain  the  caufe  of  a natu- 
ral jrhenomenon,  which  had  till  then  baffled  the  re- 
fearclits  of  the  ablell  geographers.  It  is  obferved  that 
the  Mediterranean  fea  never  fwells  in  tlie  lealt,  although 
there  is  no  vifible  difcharge  of  the  prodigious  quan- 
tity of  water  that  runs  into  it  from  nine  large  ri- 
vers, befides  feveral  fmall  onesj  and  the  conilant  fetting 


in  of  the  current  at  the  mouth  of  the  Straights.  HIh 
folution  of  this  difficulty  gave  fo  much  fatisfa6lion  to 
the  Society,  that  lie  was  requefted  to  profecute  thefe  en- 
quiries. He  did  fo  ; and  having  (hewn,  by  accurate 
experiments,  how  that  vail  acceffion  of  water  was  ac- 
tually carried  off  in  vapours  raifed  by  the  aclion  of  the 
fun  and  wind  upon  its  furface,  he  proceeded  with  the 
like  fuccefs  to  point  out  the  method  ufed  by  nature  to 
return  the  faid  va.poiirs  into  the  fea.  ff^'his  circulation 
be  fuppofes  to  be  carried  on  by  the  winds  driving  thefe 
vapours  to  the  mountains  ; where  being  collected,  they 
form  fprings,  which  uniting  become  rivulets  or  brooks, 
and  many  of  thefe  again  meeting  in  the  valleys,  grow 
into  large  rivers,  emptying  themfelves  at  laft  Into  the 
fea  ; thus  demon ilrating,  in  the  moft  beautiful  manner, 
the  way  in  which  the  equilibrium  of  receipt  and  ex- 
pence is  continually  preferved  in  the  univerfal  ocean. 

Fie  next  ranged  in  the  field  of  fpeculative  geometry, 
where,  obferving  fome  imperfedlions  in  the  methods 
before  laid  dowm  for  conftrudlingfolid  problems,  or  equa- 
tions of  the  3d  and  4th  powers,  he  furnirned  new  rules, 
which  were  both  more  ealy  and  more  elegant  than  any 
of  the  former  ; together  with  a new  method  of  finding 
the  number  of  roots  of  fuch  equations,  and  the  limits  of 
the  fame. 

Mr.  Halley  next  undertook  to  publifh  a more  corredl 
Ephemeris  for  the  year  1688,  there  being  then  great 
want  of  proper  ephemerides  of  any  tolerable  exadlnefs, 
the  common  ones  being  juMy  complained  of  by  Mr. 
Flamfteed. — In  1691  he  publiffied  exadl  tables  of  the 
conjundlions  of  Venus  and  Mercury  ; and  he  afterwards 
ffiewed  one  extraordinary  ufe  to  be  made  of  thofe  ta- 
bles, viz,  for  difeovering  the  fun’s  parallax,  and  thence 
the  true  diftance  of  the  earth  from  the  fun. — ^In  1692, 
our  author  produced  his  tables  for  fhewing  the  value  of 
annuities  on  lives,  calculated  from  bills  of  mortality ; 
and  his  univerfal  theorem  for  finding  the  foci  of  optic 
glaffes. 

But  it  would  be  endlefs  to  enumerate  all  his  valuable 
difeoveries  now  communicated  to  the  Royal  Society, 
and  publilhed  in  the  Philof.  Tranf.  of  which,  for  many 
years,  his  pieces  were  the  chief  ornament  and  fupport. 
Their  various  merit  is  thrown  into  one  view  by  the  wn- 
tcr  of  his  eloge  in  the  Paris  Memoirs  ; who,  having 
mentioned  his  Hiftory  of  the  Trade-winds  and  Mon- 
foons,  proceeds  in  thefe  terms  : This  was  Imiuediately 
followed  by  his  eftimatioii  of  the  quantity  of  vapours 
which  the  fun  raifes  from  the  fea  ; the  circulation  of 
vapours  ; the  origin  of  fountains  ; queftions  on  the  na- 
ture of  light  and  tranfparent  bodies  ; a determination 
of  the  degrees  of  mortality,  in  order  to  adjuft  the  va- 
luation of  annuities  on  lives  ; and  many  other  works, 
all  the  fciences  relating  to  aftronomy,  geometry,  and 
algebra,  optics  and  dioptrics,  baliftics  and  artillery,  fpe- 
culative and  experimental  philofophy,  natural  hiftory, 
antiquities,  philology,  and  criticifm  ; being  about  25 
or  30  differtations,  which  he  produced  during  the  9 or 
10  years  of  his  reiidence  at  London  ; and  all  abounding 
with  ideas  new,  fingular,  and  ufeful.” 

In  1691,  the  Savilian  profefforftiip  of  aftronomy  at 
Oxford  being  vacant,  he  applied  for  that  office,  but 
without  fuccefs.  Whifton,  in  the  Memoirs  of  his, ov/n 
Life,  tells  us  from  Dr.  Bentley,  that  Halley  “ being 
thought  of  for  fucceffor  to  the  mathematical  chair  at 
' 5,  Oxford^ 
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Oxford, -bifhop  Stillingfleet  was  defirecl  to  recommend 
Him  at  court  ; but  hearing  that  he  was  a fceptic  and  a 
banteier  of  religion,  the  bifhop  fcrupled  to  be  con- 
cerned, till  his  chaplain  Bentley  llioald  talk  with  him 
about  it,  which  he  did.  But  Halley  was  fo  fincere  in 
his  infidelity,  that  he  would  not  fo  much  as  pretend  to 
believe  the  chridian  religion,  though  he  thereby  was 
likely  to  lofea  profelTormip  ; which  he  did  accordingly, 
and  it  was  then  given  to  Dr.  Gregory.” 

Halley  had  publilhed  his  Theory  of  the  Variation  of 
the  iVIaguetical  Compafs,  as  has  been  already  obferved, 
in  1683  5 vvhich,  though  it  was  well  received  both  at 
home  and  abroad,  he  found,  upon  a review,  liable  to 
great  and  inluperable  objedlions.  Yet  the  phenomena 
of  the  variation  of  the  needle,  upon  which  it  is  raifed, 
being  fo  many  certain  and  indifputcd  fadfs,  he  fpareti 
no  pains  to  pofTefs  himfelf  of  all  the  obfervations 
relating  to  it  he  could  poflibly  come  at.  To  this  end 
he  procured  an  application  to  be  made  to  king  William, 
who  appointed  him  commander  of  the  Paramour  pink, 
with  orders  to  learch  out  by  obfervations  the  dlfcovery 
of  the  rule  of  variations,  and  to  lay  down  thelongitudes 
and  latitudes  ot  the  Englifh  fettlements  in  America. — 
He  fet  out  on  this  attempt  on  the  24th  of  November, 
i6gS : but  having  crofted  the  line,  his  men  grew 
fickly  ; and  his  firlf  lieutenant  mutinying,  he  returned 
home  in  June  1699.  Having  got  the  lieutenant  tried 
and  cafhlered,  he  fet' fall  a lecond  time  in  September 
following,  with  the  fame  fhip,  and  another  of  lefs  bulk, 
of  which  he  had  alfo  the  command.  He  now  traverfed 
the  vafl  Atlantic  ocean  from  onehemifphere  to  the  other, 
as  far  as  the  ice  would  perm.lt  him  to  go  ; and  having 
made  his  obfervations  at  St.  Helena,  Brazil,  Cape  Verde, 
Barbadoes,  the  Madeiras,  the  Canaries,  the  coaff  of 
Barbary,  and  many  othei*  lantudes,  he  arrived  in  En- 
gland in  September  1700  ; and  the  next  y^ear  publlfhed 
a general  chart,  fliewing  at  one  view  the  variation  of  the 
compafs  in  all  thofe  places. 

Captain  Halley,  as  he  was  now  called,  had  been  at 
borne  little  more  than  half  a year,  when  he  was  fentby  the 
king,  to  obferve  the  courfe  of  the  tides,  w'lth  the  longi- 
tude and  latitirde  of  the  principal  head-lands  in  the  Bri- 
tifh  cliannel ; which  having  executed  with  his  ufual 
expedition  and  accuracy,  he  publifiicd  a large  map  of 
the  channel. 

Soon  after,  the  emperor  of  Germany  refolving  to 
make  a convenient  harbour  for  fhipping  in  the  Adriatic, 
captain  Halley  was  fent  by  queen  Anne  to  view  the 
two  ports  on  the  coaft  of  Dalmatia,  fie  embarked  on 
the  22d  of  November  1702  ; paffed  over  to  Holland  ; 
and  going  through  Germany  to  Vienna,  he-  proceeded 
to  Iflrla  : but  the  Dutch  oppofing  the  defign,  it  was 
laid  afide  ; yet  the  emperor  made*  him  a prefent  of  a 
rich  diamond  ring  from  his  finger,  and  honoured  him 
with  a lettqr  of  recommendation,  written  with  his  own 
hand,  to  queen  Anne.  Prefently  after  his  return,  he 
was  feut,  again  on  the  fame  bufinefs  ; when  pafling 
through  Hanover,  he  flipped  with  the  eleftoral  prince, 
who  was  afterward  king  George  the  ill,  and  his  hher 
the  queen  of  Pruflia.  On  his  arrival  at  Vienna,  he  was 
the  fame  evening  prefented  to  the  emperor,  wlio  fent 
his  chief  engineer  to  attend  him  to  Iftria,  where  they 
repaired  the  fortiheations  of  Trielle,  and  added  new 
>«ne3. 


Mr.  Halley  returned  to  England  in  Nov.  1703  ; and 
the  fame  year  he  was  made  profelTor  of  geometry  in  the 
nniverfity  of  Oxford,  inllead  of  Dr,  Wallis  then  julf 
deceafed,  and  he  was  at  the  fame  time  honoured  by  tin* 
univerfity  with  the  degree  of  do6for  of  laws.  He  was 
fcarcely  fettled  In  Oxford,  when  he  began  to  tranflate 
into  Latin,  from  the  Arabic,  Apollonius  de  Setiume 
Ratlonis  ; and  to  re ll ore  the  two  books Sech'one  Spa- 
til  of  the  fame  author,  vvhich  are  loll,  from  the  account 
given  of  them  by  Pappas  ; and  he  piiblirned  the  whole 
work  In  i 706.  He  afterwards  had  a fiiare  in  preparing  for 
the  prels  Apollonius’s  Conics;  and  ventured  to  fupply 
tlie  whole  Sth  book,  the  original  of  which  is  alfo  loll. 
To  this  work  he  added  Seremis  on  the  Sedtion  of  the 
Cylinder  and  Cone,  primed  from  the  original  Greek, 
with  a Latin  tranflaLlon,  and  publiflied  the  wiiole  in 
folio  1710.  Befide  thcle,  the  Mifcdlanea  ISurioja^  In 
3 volumes  8vo,  had  come  out  under  his  diredlion  in. 
\ 708. 

In  1713,  he  fuccceded  DoiBor,  afterwards  Sir,  Hans 
Sloane,  In  the  office  of  Secretary  to  the  Royal  Society. 
And,  upon  the  death  of  Mr.  Flamllced  in  1719,  he 
was  appointed  to  fucceed  him  at  Greenwich  as  ARro- 
nomer  Royal  ; upon  which  occafion,  that  he  might  be 
more  at  lelfure  to  attend  the  duties  of  this  office,  he 
lefigned  that  of  fecretary  to  the  Royal  Society  in 
1721.  Although  he  was  63  or  64  years  of  age  when 
he  entered  upon  his  office  at  Greenwich,  for  tlie  fpace 
of  18  years  he  watclied  the  heavens  with  the  clofeR 

j 

attention,  hardly  ever  miffing  an  obfervation  during  all 
that  time,  and,  without  any  affiRant,  peiloiined  the 
whole  bufinefs  of  the  obfervatory  himfelf. 

Upon  the  acceffion  of  the  late  king,  his  coiifort  queen 
Caroline  made  a vifit  at  the  Royal  Obfervatory  ; and 
being  pleafed  with  everything  fae  faw,  took  notice  that 
Dr.  Halley  had  formerly  ferved  the  crown  as  a captain 
in  the  navy  : and  Ihe  foon  after  obtained  a grant  of  his 
half-pay  for  that  commiffion,  which  he  accordingly  en- 
joyed from  that  time  during  his  life.  An  offer  was  alfo 
made  him  of  being  appointed  mathematical  preceptor 
to  the  duke  of  Cumberland  ; but  be  declined  that  ho- 
nour, on  account  of  his  advanced  age,  and  the  duties 
of  his  office.  1111729  he  was  chofen  a foreign  member 
of  the  Academy  of  Sciences  at  Paris. 

About  1737  he  was  feized  with  a paralytic  diforder 
in  his  right  iiand,  vvhich,  it  is  faid,  was  the  firR  attack 
lie  ever  felt  upon  his  conllitution  ; however,  he  came 
as  ufual  once  a week,  till  within  a very  Rioit  tinie  of 
Ills  death,  to  meet  his  Iriends  in  town  on  Thuifdays, 
before  the  meeting  ofthe  Royal  Society,  at  what  is  yet 
called  Dr.  Halley’s  club.  His  paralytic  diforder  in- 
creafing,  his  Rrcngth  gradually  wore  away,  till  he  ex- 
pired Jan.  14,  1742,  in  the  86th  year  oi  Ills  age  ; and 
liis  corps  was  interred  in  the  church-yard  of  I.ee  near 

Blackheath. liefide  the  works  before  mentioned,  his 

principal  publications  ai  e,  I.  C at alogus  Stella  rum  Aif- 
tralium.  2.  1 abulrt  AJlronowlca.  3.  The  ARronorny 
of  Comets.  With  a great  multitude  of  Papers  In  the 
Phllof.  Tranf.  from  vol.  1 1 to  vol.  60. 

HALIFAX  (John).  See  Sacrobosco. 

HALO,  or  Corona,  a coloured  circle  appearing 
round  the  body  of  the  fun,  moon,  or  any  of  the  larger 
Rars. 

NaturallRs  conceive  the  Halo  to  arlfe  from  a refrac- 
4 E 2 '■  lion 
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tioii  of  the  rays  of  light  in  palling  throng'h  the  line  rare 
veliculae  of  a thin  vapour  towards  the  top  of  the  atmo- 
fphere. 

Des  Cartes  obferves,  that  the  Halo  never  appears 
when  it  rains  ; whence  he  concludes  that  this  pheilome- 
ron  is  occafioned  by  the  refraction  ol  light  in  the  round 
particles  of  ice,  which  are  then  lioating  in  the  atmo- 
fphere  ; and  to  the  different  protuberance  of  thefe  parti-* 
cles  he  aferibes  the  variation  in  the  diameter  of  the  Halo. 
Galfendi  fuppofes,  tltat  a Halo  is  occafioned  in  the 
fame  manner  as  the  rainbow  ; the  rays  of  light  being,  in 
both  €afes,  twice  refrafted  and  once  relleCted  w’-hin 
each  drop  of  rain  or  vapour,  and  that  th-e  difference 
between  them  is  wholly  owing  to  their  different  fitiia- 
tion  with  refpeCt  to  the  obferver,  Dechaleg  alfo  endea- 
vours to  fhew  that  the  generation  of  the  Halo  is  fimilar 
to  that  of  the  rainbow  ; and  that  the  reafon  why  the 
colours  of  the  Halo  are  more  dilute  than  thofe  of  the 
rainbow,  is  owing  chieiy  to  their  being  formed,  not 
in  large  drops  of  rain,  but  in  very  fmall  vapour.  But 
the  moft  confiderable  and  generally  received  theory,  re- 
lating to  the  generation  of  Halos,  fs  that  of  Mr.  Huy- 
gens. This  celebrated  author  fuppofes  Halos,  or  cir- 
clesround  the  fun,  to  be  formed  by  fmall  round  grains 
of  hail,  compofed  of  two  different  parts,  the  one  of 
which  is  tranfparent,  inclofing  the  other,  which  is 
opaque  ; which  is  the  general  ftriidlure  aCl'ualiy  obferved 
in  hail.  He  farther  fuppofea  that  the  grains  or  glo- 
bules, that  form  thefe  Halos,  confiiled  at  firft  of  foft 
fnow,  and  that  they  have  been  rounded  by  a continual 
agitation  in  the  air,  and  thaw^ed  on  their  outfide  by  the 
heat  of  the  fun,  See,  And  he  illiillrates  his  ideas  of 
their  formation  by  geometrical  figures. 

Mr.  Weidler endeavours  to  refute Huygens’smanner  of 
accounting  for  Halos,  by  a vafl  number  of  fmall  vapours, 
each  with  a fnowy  nucleus,  coated  round  with  a tranf- 
parent  covering.  He  fays,  that  w'hen  the  fun  paints  its 
image  in  the  atmofphere,-  and  by  the  force  of  its  rays 
puts  the  vapours  in  motion,  and  drives  them  toward  the 
furface,  till  they  are  colledled  in  fuch  a quantity,  and 
at  fuch  a diftance  from  the  fun  on  each  fide,  that  its 
rays  are  twice  refradted,  and  twice  refiedled,  w^hen  they 
reach  the  eye  they  exhibit  the  appearance  of  a Halo, 
adorned  with  the  colours  of  the  rainbow  ; which  may 
happen  in  globular  pellucid  vapours  without  fnowy 
nuclei,  as  appears  by  the  experiment  of  hollow  glafs 
fpheres  filled  with  w'ater  : therefore^,  w'henever  thofe 
fpherical  vapours  are  fituated  as  before  mentioned,  the 
refradlions  and  refiections  will  happen  every  where  alike, 
and  the  figure  of  a circular  crown,  with  tlieiifual  order 
of  colours,  will  be  the  confequence,  Philof,  Tninf- 
number  43  8. 

Newton’s  theory  of  Halos  may  be  feeia  in  his  Optics, 
p.  133,  And  this  curicus  theory  was  confirmed  by 
adtual  obfervation  in  June  1692,  when  the  author 
faw  by  refledlion,  in  a velfel  of  fiagnated  rvater,  three 
Halos,  ci'ovvns,  or  rings  of  colours,  about  the  fun, 
like  three  little  rainbows  concentric  to  his  body.  Thefe 
crowns  inclofed  one  another  immediately,  fo  that  their 
Colours  proceeded  in  this  continual  order  from  the  iim 
outward : blue,  white,  red ; purple,  blue,  gr  een,  pale 
yellow,  and  red  ; pale  blue,  pale  red.  The  like  crov/ns 
lometimee  appear  about  the  moon.  The  more  equal 
the  globules  of  water  or  ice  are  to  one  another,  the 


more  crowns  of  colotir-s  will  appear,  and  the  colourj 
will  be  the  more  lively.  Optics,  p.  288. 

There  are  feveral  ways  of  exhibiting  phenomena 
fimilar  to  thefe.  The  flame  of  a candle,  placed  in  the 
midfl  of  a fleam  in  cold  weather,  or  placed  at  the  dif- 
tance  of  fome  feet  from  a glafs  window  that  has  been 
breathed  upon,  while  the  fpcdlator  is  alfo  at  the  dif- 
tance of  fome  feet  from  another  part  of  the  window,  or 
placed  behind  a glafs  receiver,  when  air  is  admitted  into 
the  vacuum  within  it  to  a certain  denfity,  in  each  of 
thefe  circurnflances  will  appear  to  be  encompaffed  by  a 
coloured  Halo.  Alfo,  a quantity  of  water  being  thrown 
up  againft  the  fun,  as  it  breaks  and  dtfperfes  into  drops, 
fo!*ms  a kind  of  Halo  or  iris,  exhibiting  the  colours  of 
the  natural  rainbow.  Muffehenbr-oek  obferved,  that 
when  the  glafs  windows  of  his  room  were  covci'ed  with 
a thin  plate  of  ice  on  the  infide,  the  moon  feen  throuMi 
it  was  furrounded  with  a large  and  varioufly  colour-ed 
Halo ; wdrich,  upon  opening  the  window,  he  found 
arofe  entiiely  fi'om  that  thirr  plate  of  ice,  becaufe  none 
was  feen  except  thr-ough  this  plate.  Muffehenbroek 
concludes  his  account  of  coronas  with  obferving,  that 
fome  denfity  of  vapour,  or  fome  thicknefs  of  the  plates 
of  ice,  divides  the  light  in  its  traefmifiion  either  thi'ough 
the  fmall  globules  or  their  interilices,  into  its  fepa- 
rate  colours  ; but  w^hat  that  denfity  is,  or  wdrat  the 
fize  of  the  particles  which  compoie  the  vapour,  he 
does  not  pretend  to  determine,  introd.  ad  Phil.  Nat. 
p.  1037. 

It  has  often  been  obferved  that  a Halo  about  the  fun 
or  moon,  does  not  appear  circular  and  concentric  to  the 
luminary,  but  oval  and  excentric,  with  its  longefi;  dia- 
meter perpendicular  to  the  horizon,  and  extended  from 
the  moon  farther  downward  than  upward.  Dr.  Smith, 
aferibes  this  phenomenon  to  the  apparent  concave  of  the 
fky  being  lefs  than  a hemifphere.  When  the  angle 
which  the  diameter  of  a Plalo  fubtends  at  the  eye 
45®  or  46°,  and  the  bottom  of  the  Halo  is  near  the  ho- 
rizon, and  confequently  Its  apparent  figure  is  raotl  oval,, 
the  apparent  vertical  diameter  is  divided  by  the  moon  in 
the  proportion  of  about  2 to  3 or  4,  and  is  to  the  ho- 
rizontal diameter  drawn  through  the  mooHj  as  4 to  3, 
nearly. — Sec  farther  on  the  fubjedl  of  this  article, 
Frieftley’s  Hill,  of  Difeoveries  relating  to  Vifion,  p. 
396 — 613;  and  Smith’s  Optics,,  art.  167,  5.13,  526,- 
327,  &c. 

HAMEL  (John  Baptiste  du),  a very  learned' 
French  philofopher  and  writer,  in  the  17th  century, 
was  born  inlowmr  Normandy  in  1^14.  At  18  years  of 
age  he  publifhed  a treatife,  in  which  he  explained,  in  a 
very  fimple  manner,  and  by  one  or  two  figures,  Theo- 
dofiiis’s  3 books  upon  Spherics  ; to  which  he  added  a 
traSl  upon  trigonometry  extremely  perfpicuons,  andde- 
figned  as  an  introduSlion  to  aftronomy.  He  pnblifhed 
afterwards  various  other  works  on  aftronomy  and  phi- 
lofophy.  Natural  philofophy,  as  it  was  then  taught, 
was  only  a collection  of  vague,  knotty,  and  barren 
queftioiis  ; wdien  our  author  undertook  to  eftabliili  It 
upon  right  principles,  and  publiflied  his  AJlronomta 
Phyjica* 

in  1666  M.  Colbert  propofed  to  Louis  the  14th  a 
fcheme,  which  was  approved  of,  for  eftabliftiing  a royal 
academy  of  fciences  ; and  appointed  our  author  fecre- 
tary  of  it.  In  1678,  h\^  FbUofopbla  Vetus  lA  Nonjw 

was 
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v/as  printed  at  Paris  in  4 vols,  i2mo;  and  in  1681  it 
was  enlarged  and  printed  there  in  6 vols.  He  wrote 
feveral  other  pieces  ; and  his  works  in  this  way  were  col- 
lected and  publifhed  at  Nuremberg  1681,  in  4 volumes 
4to,  under  the  title  of  Opera  Phiiofophica  ^ AJlrcnomi- 
ca.  Thefe  were  highly  valued  then,  though  the  im- 
provements in  philofophy  fince  that  time  have  rendered 
them  of  little  or  no  ufe  now. 

In  1697  he  rcfigned  his  place  of  fecretary  of  the 
Royal  Academy  of  Sciences  ; in  which  he  was  fuc- 
ceeded  by  M.  Fontenclle.  However,  he  publilhcd,  in 
1698,  Pegix  Scicntiarum  Academia:  Hi/ioria,  4to,  in 
four  books  ; which  being  much  liked,  he  afterwards 
augmented  with  two  books  more.  This  work  contains 
an  account  of  the  foundation  of  the  Royal  Academy  of 
Sciences,  and  its  tranfaClions,  from  1666  to  170G,  and 
is  now  the  molt  ufeful  of  all  his  works.  He  was  Re- 
gius ProfelTor  of  Philofophy,  in  which  office  he  was 
fucceeded  by  M.  Varignon,  at  his  death,  which  hap- 
pened Aug.  6,  1706,  in  the  p^d  year  of  his  age. 

HANCES,  PIanches,  or  t'lANSEs,  in  architecture, 
are  certain  fmall  intermediate  parts  of  arclies  betvveen 
the  key  or  crown  and  the  fpring  at  the  bottom,  being 
perhaps  about  one-third  of  the  arch,  and  fitnated  nearer 
the  bottom  than  the  top  or  crown  j and  are  otherwife 
called  the  fpandreh. 

HANDSPIKE,  orHANDspEC,  a lever  or  piece  of 
afh,  elm,  or  other  llrong  wood,  for  ralfing  by  the  hand 
great  weights,  &c.  It  is  5 or  6 feet  long,  cut  thin 
and  crooked  at  the  lower  end,  that  it  may  get  the  eafier 
between  things  that  are  to  be  feparated,  or  under  any 
thing  that  is  to  be  raifed.  It  Is  better  than  a crow  of 
iron,  becaiife  its  length  allows  a better  poife. 

- HARD  Bodies,  are  fuch  as  are  abfolutely  Inflexible 
to  any  preffure  of  pcrcuffion  whatever:  differing  from 
foft  bodies,  whofe  parts  yield  and  are  eafily  moved 
amongft  one  another,  without  relloring  themfelves 
again  ; and  from  elailic  bodies,  the  parts  of  which  alfo 
yield  and  give  way,  but  prcfently  reltore  themfelves 
again  to  their  former  ffate  and  fituation.  rience, 
hard  bodies  do  not  bend,  or  Indent,  but  break.  It  is 
probable  liow'ever  there  are  no  bodies  in  nature  that  are 
abfolutely  or  perfeStly  either  hard,  foft,  or  elailic  ; but 
all  poffeffing  thefe  qualities,  more  or  lefs,  in  lome  de- 
gree. M.  bernoulii  goes  fo  far  as  to  fay  that  Hard- 
nefs,  in  the  common  fenfe,  is  abfolutely  impofliblc, 
being  contrary  to  the  law  of  continuity. 

The  laws  of  motion  for  hard  bodies  are  the  fame  as 
for  foft  ones,  both  being  fuppofed  to  adhere  together 
on  their  impadf.  And  thefe  two  foits  of  bodies 
might  be  comprized  under  the  common  name  of  Un- 
elallic. 

HARDENING,  the  giving  a greater  degree  of 
hardnefs  to  bodies  than  they  had  before. 

There  are  fevtral  ways  of  Hardening  Iron  and  fleel; 
as  by  hammering  them,  quenching  them  in  cold  water, 
^c. 

6’4/r-HA  RDENiNG,  Isa  fuperficlal  convei'fion  of  iron 
into  lletl,  as  if  It  were  cafing  It,  or  covering  it  with  a 
thin  coat  of  harder  matter.  It  is  thus  pei formed: 
Take  cow  horn  or  hoof,  dry  It  well  in  an  oven,  and 
beat  it  to  powder  ; put  equal  quantities  of  this  powder 
and  of  bay  fait  into  ffalc  urine,  or  white  wine  vinegar, 
and  mix  them  well  together  j cover  the  iron  or  ffecl  all 


over  with  this  mixture,  and  wrap  it  up  In  loam,  or  plate 
iron,  fo  as  the  mixture  touch  every  part  of  the  work  ; 
then  put  it  in  the  live,  and  blow  the  coals  to  it,  till  the 
whole  lump  have  a blood  red  heat,  but  no  higlier ; 
laflly,  take  ft  out,  and  quench  it. — See  Steel,  under 
which  article  are  deferibed  other  proceffes  for  this  pur- 
pofe. 

HARDNESS,  or  Rigidity,  that  quality  in  bodies 
by  vvhich  their  parts  fo  cohere  as  not  to  yield  inward,  or 
give  way  to  an  external  impulfe,  without  inflantly  going 
beyond  the  dlllance  of  their  mutual  attraAion  ; and 
therefore  are  not  fubjedl  to  any  motion  in  rcfpedl  of 
each  other,  without  breakino;  the  body. 

There  were  many  fanciful  opinions  am.ong  the  ancients 
concerning  the  canfe  of  hardnefs  ; fuch  as,  heat,  cold, 
drynefs,  the  hooked  figure  of  the  particles  of  matter. 
The  Cartefians  make  the  Hardnefs  of  bodies  to  confill 
in  refl,  as  that  of  foft  and  fluid  ones  in  the  motion  of 
their  particles. 

Newton  fliews  that  the  primary  particles  of  all  bo- 
dies, wherher  (olid  or  fluid,  are  perfedfly  hard  ; and 
are  not  capable  of  being  broken  or  divided  by  any  power 
in  nature.  Thefe  particles,  he  maintains,  are  conneAed 
together  by  an  attractive  power;  and  according  to  the 
clrcumltances  of  this  attratlion,  the  body  is  either  hard, 
or  foft,  or  even  fluid.  If  the  particles  be  fo  difpofed  or 
fitted  for  each  other,  as  to  touch  in  large  furfaces,  the 
bodv  will  be  hard  ; and  the  more  lo  as  thofe  furfaces  are 
the  larger.  If,  on  the  contrary,  they  only  touch  in 
fmall  furfaces,  the  body,  by  the  weaknefs  of  the  attrac- 
tion, will  remain  loft. 

At  prefent,  many  philofophers  think  that  Hardnefs 
confifls  in  the  abTence  or  want  of  the  aCtlon  of  the  uiii- 
verfal  fluid,  or  elementary  fire,  among  the  particles  of 
the  body,  or  a deficiency  of  what  is  called  latent  heat  ; 
while  oil  the  contrary,  fluidity,  according  to  them,con- 
fifts  in  the  motion  of  the  particles,  in  confequence  of  the 
action  of  that  elementary  fire. 

Elardnefs  appears  to  diminlffi  the  cohefion  of  bodies, 
in  fome  degree,  though  their  frangibllity  or  brittlenefs 
does  not  by  any  means  keep  pace  with  their  hardnefs. 
Thus,  though  glafs  be  very  hard  and  very  brittle  ; 
yet  flint  Is  Itill  harder,  though  lefs  brittle.  Among 
the  metals,  thefe  two  properties  feem  to  be  more  con- 
nected, though  even  here  the  connection  is  by  no  means 
complete  : for  though  ffeel  be  both  the  hardeft  and 
mioil  brittle  of  all  ^tlie  metals  ; yet  lead,  which  is  the 
foftcil,  is  not  the  moil  duCtile,  Neither  is  Hardnefs 
conncCled  with  the  fpecific  gravity  of  bodies  ; for  a 
diamond,  the  hardeft  fubftance  in  nature,  is  little  more 
than  half  the  weight  of  the  lighteft  metal.  And  as 
little  is  it  connected  with  the  coldnefs,  or  eleClrical 
properties,  or  any  other  quality  wdth  wffilch  we  are  ac- 
quainted. Some  bodies  are  rendered  hard  by  cold,  and 
others  by  difl'erent  degrees  of  heat. 

Mr,  Quift  and  others  have  conftruCled  tables  of  the 
Hardnefs  of  different  fubftances.  And  the  manner  of 
conftruCling  thefe  tables,  washy  obferving  the  order  in 
which  they  were  able  to  cut  or  malie  any  impreftion 
upon  one  another.  The  followu’ng  table,  extvaCled  from 
IMagellan’s  edition  of  Cronftedt^s  Mineralogy,  was 
taken  from  Quift,  Bergman,  and  Kirwan.  The  firft 
column  (hews  Hardnefs,  and  the  fecond  the  fpecifie 
gravity. 
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2*6 

Bohemian  topaz 

- 

I I 

- 

2'8 

Occld.  amethyft 

- 

I I 

- 

27 

Cryftal 

m 

1 

I 1 

- 

z'6 

Carnelian 

- 

I I 

- 

2.7 

Gi’een  jafper 

- 

I I 

- 

27 

Schoerl 

- 

10 

- 

3*6 

Tourmaline 

- 

10 

m 

3'o 

Quartz 

- 

10 

- 

27 

Opal 

- 

10 

«* 

2*6 

Chryfolite 

or- 

10 

3*7 

Reddlfti  yellow  jafper 

- 

9 

- 

2*6 

Zeolyte 

•• 

8 

- 

2-1 

Fluor 

- 

7 

- 

3*5 

Calcareous  fpar 

m 

6 

m 

27 

Gyp  fum 

- 

5 

- 

2*3 

Chalk 

- 

3 

m 

27 

HARMONICA,  Harmonics,  a brancli  or  divi- 
fionof  the  ancient  miific;  being  that  part  which  confi- 
ders  the  differences  and  proportions  of  founds,  with  re- 
fpcft  to  acute  and  grave  ; as  diftinguiflied  from  Rhyth- 
inica,  and  Metrica. 

Mr.  Malcolm  has  made  a very  induff rious  and  learn- 
€d  enquiry  into  the  Harmonica,  or  harmonic  principles, 
of  the  ancients. 

Harmonica,  the  name  of  a mufical  inffrument  in- 
vented by  Dr.  Franklin,  confifting  of  the  glaffes,  called 
mufical  glaffes. 

It  is  faid  that  the  fir  ft  hint  of  mufical  glaffes  is  to  be 
found  in  an  old  Engiiffi  book,  in  which  a number  of  va- 
rious amufements  were  defcribed.  That  author  direds 
his  pupil  to  choofe  half  a dozen  drinking-glaffes  ; to  fill 
each  of  them  with  water  in  proportion  to  the  gravity  or 
acutenefs  of  the  found  which  he  Intended  it  to  give  ; and 
having  thus  adjufted  them  one  to  another,  he  might  en- 
tertain the  company  with  a church  tune.  Thefe  were 
perhaps  the  rude  hints  which  Mr.  Puckeridge,  an  Irlfli 

gentleman,  afterwards  improved,  and  after  him,  Mr.  E. 

X)elaval,  an  ingenious  member  of  the  Royal  Society  ; 
and  finally  brought  to  perfeftlon  by  the  celebrated 
Franklin.  See  the  hiftory  and  defcriptlon  in  his  Let- 
ters, particularly  in  that  to  Beccarla. 

HARMONICAL,  or  Harmonic,  fomething  re- 
lating to  Harmony.  Thus, 

JHarmonical  Arithmetic i is  fo  much  of  the  theory 


and  dodlrluc  of  numbers,  as  relates  to  making  the  com- 
parifons  and  reductions  of  mufical  intervals,  which  arc 
expreffed  by  numbers,  for  finding  their  mutual  relations, 
compofitlons,  and  refolutions. 

EIarmonical  Compojhinn^  in  its  general  fenfe,  in- 
cludes the  compofition  both  of  harmony  and  melody  ; 

I.  e.  of  mufic,  or  fong,  both  in  a fingle  part,  and  in  fe- 
veral  parts. 

Harmonical  Interval^  the  difference  between  two 
founds,  in  refpeCt  of  acute  and  grave  : or  that  imagi- 
nary fpace  terminated  with  two  founds  diffeting  in 
acutenefs  or  gravity. 

Harmonical  Proporilotiy  or  WLuJical  Proportion.,  is 
that  in  which  the  firft  term  is  to  the  third,  as  the  dif- 
ference of  the  firft  and  fecond  is  to  the  difference  of  the 
2d  and  3d  ; or  when  the  firft,  the  third,  and  the  faid 
two  differences,  are  in  geometrical  proportion.  Or, 
four  terms  are  in  Harmonical  proportion,  when  the  iff 
is  to  tlie  4th,  as  the  difference  of  the  iff  and  2d  is  to 
the  difference  of  the  3d  and  4th.  Thus,  2,  3,  6,  are  lu 
harmonical  proportion,  becaiife  2:6::  1:3.  And  the 
four  terms  9,  12,  16,  24  are  in  harmonical  proportion, 
becaufe  9 ; 24  : : 3 : 8. — If  the  proportional  terms  be 
continued  in  the  former  cafe,  they  will  form  an  harmo- 
nical progreffion,  or  feries. 

I.  The  reciprocals  of  an  arithmetical  progreffion  are 
in  Harmonical  progreffion  ; and,  converfely,  the  reci- 
procals of  Harmonicals  are  arithrneticals.  Thus,  the 

III 

reciprocals  of  the  Harmonicals  2,  3,  6,  arc  — > — , ■— » 

III 

which  are  arithrneticals;  for — — — z=  , and 
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alfo  : and  the  reciprocals  of  the  arith- 

5cc,  which 


meticals  i,  2,  3,  4,  &c,  are  — , — , — > — i 

are  Harmomcals , fort:  L _ A; 

13  122  3 

and  fo  on.  And,  in  general,  the  reciprocals  of  the 

arlthmeticals  a dy  a id,  a -j-  3^,  &c,  viz, 

_L  1 , — I — — ^ See,  are  Harmonicals  : 

a a + da  -{■  zd  a -{■  ^d 

et  e contra. 

2.  If  three  or  four  numbers  in  Harmonical  propor- 
tion be  cither  multiplied  or  divided  by  fome  number, 
the  products,  or  the  quotients,  will  ftiil  be  in  Harrao- 
nical  proportion.  Thus, 

the  Harmonicals  - 6,  8,  12, 

multiplied  by  2 give  12,  16,  24, 

or  divided  by  2 give  3,  4,  6, 

which  are  alfo  Harmonicals. 

3.  To  find  a Harmonical  mean  proportional  between 
two  terms : Divide  double  their  produdl  by  their 
fum. 

4.  To  find  a 3d  term  in  Harmonical  proportion 
to  two  given  terms  : Divide  their  produft  by  the 
difference  between  double  the  iff;  term  and  the  2d 
term. 

5.  To  find  a 4th  term  in  Harmonical  proportion 
to  three  terms  given  : Divide  the  produft  of  the  ift 
and  3d  by  the  differeace  between  double  the  iff  ajad  the 
2d  term* 


Hence, 
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Hence,  of  the  two  terms  a and  h\ 
the  Harmonical  mean  is 


a 


tlie  3d  Harmonical  proper,  is 


ah 


alfo  to  hf  c,  the  4th  Harm,  is 


2 a — b' 
ac 


\a 


6.  If  there  be  taken  an  arithmetical  mean,  and  a 
Harmcnical  mean,  between  any  two  terms,  the  four 
terms  will  be  in  geometrical  proportion.  Thus,  be- 
tween 2 and  6, 

the  arithmetical  mean  is  4,  and 
the  Harmonical  mean  is  3 ; 
and  hence  2:3  : : 4 : 6. 

Alio,  between  a and  b, 

the  arithmetical  mean  is  — and 


the  Harmonical  mean  is 


2 

2 ah 


but  a : 


2ab 
a b 


a b 


a b 


b. 


HARMONY,  in  Mafic,  the  agreeable  refult  of  an 
union  of  feveral  mufical  founds,  heard  at  one  and  the 
fame  time  ; or  the  mixture  of  divers  founds,  w'hich  to- 
gether have  an  agreeable  effedt  on  the  ear. 

As  a continued  fucceffion  of  mufical  founds  produces 
melody,  fo  a continued  combination  of  them  produces 
Harmony. 

Among  the  ancients  however,  as  fometimes  alfo  among 
the  moderns,  Harmony  is  ufed  in  the  llridt  fenfe  of  con- 
fonance  ; and  fo  is  equivalent  to  the  fymphony. 

The  words  concord  and  Harmony  do  really  fignify 
the  fame  thing;  though  cuftomJias  made  a little  dif- 
ference betw'een  them.  Concord  Is  the  agreeable  efPedt 
of  two  founds  In  confonance  ; and  Harmony  the  effedt 
of  any  greater  number  of  agreeable  founds  in  confo- 
nance. 

Again,  Harmony  always  implies  confonance  ; but 
concord  is  alfo  applied  to  founds  in  fuccelhon  ; though 
never  but  where  the  terms  can  ftand  agreeably  In  con- 
fonancc.  The  elfedf  of  an  agreeable  fucceffion  of  feve- 
ral  founds,  is  called  melody ; as  that  of  an  agreeable 
confonance  Is  called  Harmony. 

Harmony  Is  w^ell  defined,  the  fum  or  refult  of  the 
combination  of  two  or  more  concords  ; that  is,  of  three 
or  more  fimple  founds  ftriking  the  ear  all  together  ; and 
different  compofitions  of  concords  make  different  Har- 
mony. 

The  ancients  feem  to  have  been  entirely  unacquainted 
with  Harmony,  the  foul  of  the  modern  mufic.  In  ail 
their  explications  of  the  mclopoeia,  they  fay  not  one  word 
of  the  concert  or  Harmony  of  parts.  We  have  Inftances, 
indeed,  of  their  joining  feveral  voices,  or  Inllruments,  in 
confonance  ; but  then  thefe  were  not  fo  joined,  as  that 
each  had  a diftindt  and  proper  melody,  fo  making  a 
fucceffion  of  various  concords  ; but  they  were  either 
imifons,  or  odfaves.  In  every  note  ; and  fo  all  performed 
the  lame  Individual  melody,  and  confiituied  0116  fong. 

When  the  parts  differ,  not  in  the  tenfion  of  the 
whole,  but  In  the  different  relations  of  the  fucceffive 
TK3tes,  it  is  this  that.conftitutes  the  modern  art  of  Har- 


Harmony  of  the  Spheres,  or  Celefial  Harmony,  a 
kind  of  mufic  much  fpoken  of  by  many  of  the  ancient 
phllofophers  and  fathers,  fuppofed  to  be  produced  by 
the  fwectly  tuned  motions  of  the  liars  and  planets.  This 
Harmony  they  attributed  to  the  various  proportionate 
impreffions  of  the  heavenly  bodies  upon  one  another, 
adling  at  proper  intervals.  They  think  It  impoffible 
that  fuch  prodigious  bodies,  moving  with  fuch  rapidity, 
Ihoiild  be  filent on  the  contrary,  the  atmofpberc,  con- 
tinually impelled  by  them,  mull  yield  a fet  of  founds 
proportionate  to  the  Impreffion  It  receives  ; and  that 
confequently,  as  they  run  all  in  different  circuits,  and 
with  various  degrees  of  velocity,  the  different  tones 
ariling  from  the  diverlity  of  motions,  diredled  by  the 
hand  of  the  Almighty,  mull  form  an  agreeable  fj-mpho- 
ny  or  concert. 

They  therefore  fuppofed,  that  the  moon,  as  being  the 
lowell  of  the  planets,  correfponded  to  mi ; Mercury,  to 
fa  ; Venus,  to  fol ; the  Sun,  to  la  ; Mars,  to  fi;  Ju- 
piter, to  ut  ; Saturn,  to  re  ; and  the  orb  of  the  fixed 
liars,  as  being  the  highell  of  all,  to  mi,  or  the  oclave. 

It  is  thought  that  Pythagoras  had  a view  to  the  gra- 
vitation of  celelllal  bodies,  In  what  he  taught  concern-- 
ing  the  Harmony  of  the  fpheres. 

A mufical  chord  gives  the  fame  note  as  one  double 
in  length,  w'hen  the  tenfion  or  force  with  which  the 
latter  is  llretched  is  quadruple  ; and  the  gravity  of  a 
planet  is  quadruple  of  the  gravity  of  a planet  at  a- 
double  dlllance.  In  general,  that  any  mufical  chords 
may  become  unifon  to  a lelfer  chord  of  the  fame  kind,> 
its  tenfion  mull  be  Increafed  in  the  fame  proportion  as 
the  fquare  of  its  length  is  greater;  and  that  the  gravi- 
ty of  a planet  may  become  equal  to  the  gravity  of 
another  planet  nearer  the  fun,  It  mull  be  increafed  in 
proportion  as  the  fquare  of  Its  dlllance  from  the  fun  is 
greater.  If  therefore  we  ffiould  fuppofe  mufical  chords 
extended  from  the  fun  to  each  planet,  that"  all  thefe 
chords  might  become  unifon,  it  would  be  requilite  to 
increafe  or  diminilli  their  tenfions  in  the  fame  propor- 
tions as  w'ould  be  fufftclent  to  render  the  gravities  of  the 
planets  equal  ; and  from  the  limilitudc  of  thofe  pro- 
portions, the  celebrated  do6lrine  of  the  Harmony  ot 
the  fpheres  Is  fuppofed  to  have  been  derived. 

Kepler  wrote  a large  work,  in  folio,  on  th.e  Harmo- 
nies of  the  world,  and  particularly  of  that  of  the  celef* 
tial  bodies.  Pie  firll  endeavoured  to  find  out  fomtr 
relation  between  the  dimenfions  of  the  five  regular  folids 
and  the  intervals  of  the  jdanetary  fpheres ; . and  imagin- 
ing that  a cube,  inlcribed  in  the  fphere  of  Saturn, 
would  touch  by  its  fix  planes-the  Iphere  of  Jupiter,  and 
that  the  other  four  regular  folids  In  like  manner  fitted 
the  intervals  that  are  between  the  fpheres  of  the  other ' 
planets,  he  became  perfuadtd  that  this  w'as  the  true 
reafon  why  the  primary  planets  were  prccifely  fix  in 
number,  and  that  the  author  of  the  world  bad  deter- 
mined their  dlftanccs  from  the  fun,  the  centre  of  the 
fyllem,.from  a regard  to  tliis  analogy.  But  afterwards 
finding  that  the  difpofitlon  of  the  five  regular  folids 
amongft  the  planetary  fpheres,  was  not  agreeable  to 
the  In-tervals  between  their  orbits,  he  endeavoured  to 
difeover  other  fchemes  of  Harmony.  For  this  purpofe 
lie  compared  the  motions  of  the  fame  planet  at  its 
greatell  and  leall  diiiances,  and  of  the  different  planets  > 
in.  thdv  feveral  orbits,  as  they  would  appear  viewed.. 
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frofti  tlie  fun  5 and  here  he  fencied  that  he  fotind  a fi- 
militude  to  the  divifions  of  the  odlave  in  miific.  Laftly, 
he  imagined  that  if  lines  were  drawn  from  the  earth,  to 
each  of  the  planets,  and  the  planets  appended  to  them, 
or  ftretched  by  weights  proportional  to  the  planets, 
thefe  lines  would  then  found  all  the  notes  in  the  odtave 
of  a mil  Heal  chord. 

See  his  Flarmonics ; alfo  Plin.  lib.  2,  cap.  22  ; Ma- 
crob.  in  Somn.  Scip.  lib.  2,  cap.  i ; Plutarch  de  Ani- 
mal. Procreatione,  e Timaso  ; and  Maclaurin’s  View  of 
Newton’s  Difeov.  book  i,  chap.  2. 

HARQUEBUSS,  a hand-gun,  or  a fire-arm  of  a 
proper  length  and  weight  to  be  borne  in  the  arm. 
Hanzelet  preferibes  its  proper  length  to  be  40  calibres, 
or  diameters  of  its  bore;  and  the  weiglit  of  its  ball  i oz. 
and  ; its  charge  of  powder  as  much. 

HARRIOT  (Thomas),  a very  eminent  Englifii 
mathematician  and  aftronomer,  was  born  at  Oxford  in 
1560,  and  died  at  London  July  2,  1621,  in  the  bill 
year  of  his  age.  Harriot  has  hitherto  been  known  to 
the  world  only  as  an  algebraifi,  though  a very  eminent 
one ; but  from  his  manufeript  papers,  that  have  been  but 
lately  difeovered  by  Dr.  Zacli,  allronomer  to  the  duke 
of  Saxe-Gotha,  it  appears  that  he  was  not  lefs  eminent 
-as  an  allronomer  and  geometrician.  Dr.  Zach  has 
printed  an  account  of  thofe  papers,  in  the  Aftronomi- 
cal  Ephemeris  of  the  Royal  Academy  of  Sciences  at 
Berlin,  for  the  year  1788;  of  which,  as  it  is  very 
curious,  and  contains  a great  deal  of  information,  I 
/hall  here  give  a tranflation,  to  ferve  as  memoirs  con- 
cerning the  life  and  writings,  of  this  eminent  man  ; af- 
terwards adding  only  feme  necelTary  remarks  of  my  own. 

I here  prefent  to  the  w'orld  (fays  Dr.  Zach),  a 
fhort  account  of  fome  valuable  and  curious  manuferipts, 
which  I found  in  the  year  1784,  at  the  feat  of  the  earl 
of  Egremont,  at  Petworth  in  Sufiex,  in  hopes  that  this 
learned  and  inquifitive  age  will  either  think  my  endea- 
vours about  them  worthy  of  its  affillance,  or  elfe  will 
be  thereby  induced  to  attempt  fome  other  means  of 
publishing  them.  The  only  undeniable  proof  I can 
now  produce  of  the  ufefulnefs  of  fuch  an  undertaking, 
is  by  giving  a fuccindl  report  of  the  contents  of  thefe 
materials,  and  briefly  Ihewing  what  may  be  effected  by 
them.  And  although  1 come  to  the  performance  @f 
fuch  an  enterprize  with  much  lefs  abilities  than  the 
different  parts  of  it  require,  yet  I trull  that  my  love  for 
truth,  my  deflgn  and  zeal  to  vindicate  the  honour  due 
to  an  Englifliman,  the  author  of  thefe  manuferipts, 
which  are  the  chief  reafons  that  have  influenced  me  in 
this  undertaking,  will  ferve  as  my  excufe, 

“ A predeceffor  of  the  family  of  lord  Egremont, 
viz,  that  noble  and  generous  earl  of  Northumberland, 
named  Henry  Percy,  was  not  only  a generous  favou5:;er 
of  all  good  learning,  but  alfo  a patron  and  Mascenas  df 
the  learned  men  of  his  age.  Thomas  Harriot,  the 
author  of  the  fald  manuferipts,  Rvobert  Hues  (well 
known  by  his  Treatife  upon  the  Globes),  and  Walter 
Warner,  all  three  eminent  mathematicians,  who  were 
known  to  the  earl,  received  fiom  him  yearly  penlions  ; 
fo  that  when  the  earl  was  committed  prifoner  to  the 
Tower  of  London  in  the  year  1606,  our  author,  wdth 
Hues  and  Warner,  were  his  conllant  companions  ; and 
were  ufually  called  the  earl  of  Northumberland’s  three 
Magi. 


Thomas  Harriot  is  a known  and  celebrated  mathe- 
matician among  the  learned  of  all  nations,  by  his  excel- 
lent work,  Artis  Analytics  Praxis^  ad  aqimiiones  alge- 
hraicas  nonsa  expedita  id  generali  methodo,  refol-vendas^ 
Tradatus  pofthunuis  ; Lond.  i6ji:  dedicated  to  Hen- 
ry earl  of  Northumberland  ; publlfned  after  his  death 
by  Walter  Warner.  It  is  remarkable,  that  the  fame 
and  the  honour  of  this  truly  great  man  were  conffantly 
attacked  by  the  French  mathematicians  ; who  could 
not  endure  that  Harriot  fliouid  in  any  way  diminifli 
the  fame  of  their  Vieta  and  Des  Cartes,  efpecially  the 
latter,  who  was  openly  accufed  of  plaglariim  from  our 
author.  [_See  MontuclA s Htjioire  des  MathematiqueSf 
part  3,/.  485  id  feq, — hettres  de  M.  Des  Cartes^  tom.  3, 
pa.  457,  edit.  Paris  1667,  in  ^to. — Diciionnaire  de  Mo^ 
reri,  -Tvord  Harriot. — Encyclopedie,  word  Algebra.— -A 
ires  de  M.  de  Voltaire,' fur  la  nation  Angloife,  lettre  14. 
— Memoire  de  P Able  de  Gua  dans_  les  Wem.  de  P Acad,  des 
Sciences  de  Paris  pour  1741.— CollieP s great  Htjlo-. 
rical  Dittionary,  word  Harriot.— -Z?r.  JVallis^s  preface 
to  his  Algebra. — Po  which  may  he  added  the  article  Al- 
gebra, in  this  diVionary 

“ Des  Cartes  publlflied  his  Geometry  6 years  after 
Plarriot’s  work  appeared,  viz,  in  the  year  1637.  Sir 
Charles  Cavendilh,  then  ambaffador  at  the  French  court 
at  Paris,  when  Des  Cartes’s  Geometry  made  its  firfl;  ap- 
pearance in  public,  obferved  to  the  famous  geometrician 
Roberval,  that  thefe  Improvements  in  xAnalyfis  had  been 
already  made  thefe  6 years  In  England,  and  ftiewed  him 
afterwards  Harriot’s  Artis  Analytica  Praxis,  which  as 
Roberval  was  looking  over,  at  every  page  he  cried  out, 
Old!  out!  tlPavu!  Tet!  yes!  he  has  feen  it ! Des 
Cartes  had  alfo  been  in  England  before  Harriot’s 
death,  and  had  heard  of  his  new  improvements  and  in- 
ventions in  Analylis.  A critical  life  of  this  man,  which 
his  papers  would  enable  me  to  publifh,  will  fhew  more 
clearly  what  to  think  upon  this  matter,  which  I hope 
may  be  difeuffed  to  the  due  honour  of  our  author. 

“ Now  all  this  relates  to  Harriot  the  celebrated 
anal)dl  ; but  it  has  not  hitherto  been  known  that  Har- 
riot was  an  eminent  aftronomer,  both  theoretical  and 
prahlical,  which  firfl;  appears  by  thefe  manuferipts ; 
among  which,  the  moil  remarkable  are  199  obferva- 
tions  of  the  Sun’s  Spots,  with  their  drawings,  calcula- 
tions and  determinations  of  the  fun’s  rotation  about  his 
axis.  There  is  the  greateft  probability  that  Harriot 
was  the  firft  difeoverer  of  thefe  fpots,  even  before  either 
Galileo  or  Scheiner.  Tlie  earlieft  intelligence  we  have 
of  the  firft  difeovered  folar  fpots,  is  of  one  Job.  Fabrl- 
cius  Phryfius,  who  In  the  year  1611  publllhed  at  Wit- 
ternberg  a fmall  treatife,  Intitled,  De  Maculis  in  Sole  ob^ 
fervatis  id  apparent e eorum  cum  Sole  cotrverfione  narratio, 
Galileo,  who  is  commonly  accounted  the  firft  difeoverer 
of  the  Solar  Spots,  publiilied  his  book,  Jfloria  e Dlmon- 
flrazioni  intorne  able  Pdachie  Solar e e loro  accidenti,  at 
Rome,  In  the  year  1613.  His  firft  obfervation  in  this 
work,  is  dated  June  2,  1612.  Angelo  de  Filiis,  the 
editor  of  Galileo’s  work,  who  wrote  the  dedication  and 
preface  to  it,  mentions,  pa.  3,  that  Galileo  had  not 
only  difeovered  thefe  fpots  in  the  month  of  April  in  the 
year  1611,  at  Rome,  in  the  Quirinal  Garden,  but  had 
/hewn  them  feveral  months  before  ( molti  meft  innanzi) 
to  his  friendvS  in  Florence.  And  that  the  obfervations 
,of  the  difguifed  Apelles  (the  Jefuit  Scheiner,  a pre- 
tender 
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tender  to  this  firfl:  difcovery)  were  not  later  than  the 
month  of  Oftober  in  the  fame  year  ; by  which  the 
epoch  of  this  difcovery  was  fixed  to  the  beginning  of 
the  year  161 1.  But  a paflage  in  the  firft  letter  of  Ga- 
lileo’s works,  pa.  ii,  gives  a more  precife  term  to  this 
difcovery.  Galileo  there  fays  in  plain  terms,  that  he 
had  obferved  the  Spots  in  the  Sun  18  months  before. 
The  date  of  this  letter  is  May  24,  1612  ; which  brings 
the  true  epoch  of  this  difcovery  to  the  month  of  Novem- 
ber, i6[o.  However,  Galileo’s  firft  produced  obferva- 
tions  are  only  from  June  2,  1612,  and  thofe  of  father 
Sclieiner  of  the  montli  of  October,  in  the  fame  year. 
Butlnowit  appears  from  Blarriot’s  manufcripts,  that 
his  firft  obfervations  of  tliefe  Spots  are  of  Dec.  8,  i6io. 
It  is  not  likely  that  Harriot  could  have  this  notice 
from  Galileo,  for  1 do  not  find  this  mathematician’s 
name  ever  quoted  in  Harriot’s  papers.  But  I find  him 
mentioning  Jofephus  a Cofta’s  book  i,  chap.  2,  of  his 
Natrjral  and  Moral  H 'ljlory  of  the  W ef  Indies^  in  which 
he  relates  that  in  Peru  there  are  Spots  to  be  feen  in  the 
Sun  v.diich  are  not  to  he  feen  in  Europe.  It  rather 
fcems  that  Elarriot  had  taken  the  hint  from  tlience. 
Befides,  it  IS  very  like  ly  that  Harriot,  who  lived  with 
fo  generous  a patron  to  all  good  learning  and  improve- 
ments, had  got  the  new  invention  of  teleicopes  in  PIol- 
land  much  fooner  in  England,  than  they  could  reach 
Galileo,  who  at  that  time  lived  at  Venice.  Harriot’s 
very  careful  and  exatl  obfervations  of  thefe  Spots,  fhew 
alfo  that  he  was  in  pofieffion  of  the  beft  and  moft  im- 
proved telefcopes  of  that  time  ; for  it  appears  he  had 
fome  with  magnifying  powers  of  10,  20,  and  30  times. 
At  leaft  there  are  no  earlier  obfervations  of  the  Solar 
Spots  extant  than  his  : they  run  from  December  8, 
1610,  till  January  18,  1613.  I compared  the  corrc- 
fpondlng  ones  with  thefe  obferved  by  Galileo,  between 
which  I found  an  exadl  agreement.  Had  Harriot  had 
any  notion  about  Galileo’s  difcoveries,  he  certainly 
would  have  alfo  known  fometlung  about  the  phafes  of 
Venus  and  Mercury,  and  efpecially  about  the  fingular 
fiiape  of  Saturn,  firft  difcovered  by  Galileo  ; but  I find 
not  a word  in  all  his  papers  concerning  the  particular 
figure  of  that  planet. 

“ 0/  Jupiter's  Satellites,  I found  among  his  papers 
a large  fet  of  obfervations,  with  their  drawing,  pofition, 
and  calculations  of  their  revolutions  and  periods.  His 
firft  obfervation  of  thofe  difcovered  Satellites,  I find  to 
he  of  January  16,  1610;  and  they  go  till  February 
26,  1612.  Galileo  pretends  to  have  difcovered  them 
January  7,  1610;  fo  that  it  Is  not  improbable  that 
Harriot  was  llkewlfe  the  firft  dlfcoverer  of , thefe  atten- 
dants of  Jupiter. 

“ Among  his  other  obfervations  of  the  Moon,  of 
fome  Eclipfes,  of  the  planet  Mars,  of  Solftices,  of  Re- 
fradfion,  of  the  Declination  of  the  Needle  ; tliere  are 
moft  remarkable  ones  of  the  noted  Coimets  of  1607,  and 
«f  1618,  the  latter,  for  there  were  two  this  year  (fee 
Kepler  de  Cometis,  pa,  They  were  all  obferved 

with  a crofs-ftaff,  by  meafuring  their  diftances  from 
fixed  ftars  ; whence  thefe  obfervations  are  the  more  va- 
luable, as  comets  bad  before  been  but  grofsly  obferved  ; 
Kepler  hlmfelf  obferved  the  comet  of  1607  only  with 
the  naked  eye,  pointing  out  its  place  by  a coarfe  efti- 
matlon,  without  the  aid  of  an  inftrument ; and  the  ele- 
ments of  their  orbits  could,  in  defedl  of  better  obferva- 
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tions,  be  only  calculated  by  them.  The  obfervations  of 
the  comet  of  the  year  1607,  are  of  the  more  Importance, 
even  now  for  modern  aftronomy,  as'  this  is  the  fame 
comet  that  fulfilled  Dr.  Halley’s  predidtion  of  Its  return 
In  the  year  1759.  That  predidllon  was  only  grounded 
upon  the  elements  aftbrded  him  by  thefe  coarfe  obferva- 
tions ; for  which  reafon  he  only  affigned  the  term  of  its 
return  to  the  fpace  of  a year.  The  very  intricate  cal- 
culations of  the  perturbations  of  this  comet,  afterwards 
made  by  M.  Clairaut,  reduced  the  limits  to  a month’s 
fpace.  But  a greater  light  may  now  be  thrown  upon 
this  matter  by  the  more  accurate  obfervations  on  this 
comet  by  Mr.  Harriot.  In  the  month  of  Odlober 
178^,  when  I converfed  upon  the  fubjedl  of  Harriot’s 
papers,  and  efpecially  on  this  comet,  witli  the  very  cele- 
brated mathematician  M.  de  la  Grange,  diredlor  of  the 
Royal  Academy  of  Sciences  at  Berlin  ; he  then  fuggeft- 
ed  to  me  an  idea,  which,  if  brought  Into  execution,  will 
clear  up  an  important  point  in  aftronomy.  It  Is  well 
known  to  allronomers  how  difficult  a matter  It  Is,  to  de- 
termine the  mafs,  or  quantitv  of  matter,  In  the  planet 
Saturn  ; and  how  little  fatisfactory  the  notions  of  it  are, 
that  have  hitherto  been  formed.  The  whole  theory  of 
the  perturbations  of  comets  depending  upon  this  uncer- 
tain datum,  feveral  attempts  and  trials  have  been  made 
towards  a more  exadl  determination  of  it  by  the  moft 
eminent  geometricians  of  this  age,  and  particularly  by 
la  Grange  hlmfelf ; but  never  having  been  fatisfied  with 
the  few  and  uncertain  data  heretofore  obtained  for  the 
refolution  of  this  problem,  he  thought  that  Harriot’s 
obfervations  on  the  comet  of  1607,  and  the  modern 
ones  of  the  fame  comet  in  1 759,  would  fuggeft  a way 
of  refolvingthe  problem  a pojleriori ; that  of  determining 
by  them  the  elements  of  its  ellipfis.  The  i*etardatIon 
of  the  comet  compared  to  Its  period,  may  clearly  be 
laid  to  the  account  of  the  attradllon  and  perturbation  it 
has  fuftered  In  the  region  of  Jupiter  and  Saturn  ; and 
as  the  part  of  It  belonging  to  Jupiter  is  very  well  known, 
the  remainder  muft  be  the  ftiare  which  Is  due  to  Saturn  ; 
from  whence  the  mafs  of  the  latter  may  be  inferred.  In 
confequence  of  this  confideration  I have  already  begun 
to  reduce  moft  of  Harriot’s  obftrvatlons  of  this  comet, 
in  order  to  calculate  by  them  the  true  elements  of  Its 
orbit  on  an  elliptical  hymothefis,  to  complete  M.  la 
Grange’s  idea  upon  this  matter. 

“ I forbear  to  mention  here  any  more  of  Harriot’.' 
analytical  papers,  which  I found  in  a very^  great  number. 
They  contain  feveral  elegant  folutions  of  quadratic,  cu- 
bic, and  biquadratic  equations ; with  fome  other  folutions 
and  loca  geometrica,  that  fhew  his  eminent  qualifications, 
and  will  ferve  to  vindicate  them  againft  the  attacks  of  fe- 
veral French  writers,  who  refufe  him  the  juftice  due  to 
his  fleill  and  accomplifhments,  merely'  to  fave  Des  Cartes’s' 
honour,  who  yet,  by'/fome  Impartial  men  of  his  own  na- 
tion, was  accufed  of  public  plaglarifm. 

“ Thomas  Harriot  was  born  at  Oxford,  in  the  year’ 
1560.  After  being  inftructed  in  the  rudiments  of  lan- 
guages, he  became  a commoner  of  St.  Mary’s-Hall, 
where  he  took  the  degree  of  bachelor  of  arts  in  1579.' 
He  had  then  fo  dlftlnguiflied  hlmfelf  by  his  uncommon 
Iklll  in  mathematics,  as  to  be  recommended  foon  after  to 
Sir  Walter  Raleigh,  as  a proper  preceptor  to  him  in 
that  faience.  Accordingly  that  noble  knight  became 
his  firft  patron,  took  him  into  his  family,  and  allowed" 
4 F him 
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him  a liandfome  penfion.  In  1^84  he  went  over  ith 
Sir  Walter^s  firll  colony  to  Virginia  ; where  he  was  em- 
ployed in  difcovering  and  furveying  the  country,  &c  ; 
maps  of  which  1 have  found  (fays  Dr.  Zach)  very  neat- 
ly done  among  his  papers.  After  his  return  lie  pub- 
liihed  Bri^  and  ’True  Rtport  of  the  Nen.vfcund!attd  of 
Virginia,  of  the  Commodities  there  found  to  be  raifed,  &c  ; 
Lond.  1588.  This  was  reprinted  in  the  3d  volume  of 
Hakluyt’s  Voyages:  it  was  alio  tranflated  into  Latin, 
and  printed  at  Frankfort  in  the  year  1590.  Sir  Walter 
it.troduced  him  to  the  acquaintance  of  the  earl  of  Nor- 
thufitberland,  who  allowed  him  a yearly  penfion  ; Wood 
fays,  of  120I.  only  ; but  by  fome  of  his  receipts,  which 
I have  found  among  his  papers,  it  appears  tliat  he  had 
30c],  which  indeed  was  a very  large  fum  at  that  time. 
Wood,  in  his  Athcn,  Oxon»  mentions  nothing  of  Har- 
riot’s papers,  except  a maniifcript  in  the  library  at  Sion 
College,  London,  entitled  Ephemerh  Chyronieirica,  I 
got  accefs  to  this  library  and  manufcripts,  and  was  in- 
deed in  hopes  of  finding  fomething  more  of  Harriot’s  ; 
for  moll  of  his  obfervations  are  dated  from  Sion  College  ; 
but  I could  not  find  any  thing  from  Harriot  himfelf. 
I found  indeed  fome  other  papers  of  his  friends  : he 
mentions.  In  his  obfervations,  one  Mr.  Standifh,  at  Ox- 
ford, and  Nicol.  Torperly,  who  alfo  \vas  of  the  ac- 
Qualntance  of  the  earl  of  Northumberland,  and  had  a 
yearly  penfion  : from  the  former  I found  two  obferva- 
tions of  the  fame  comet  of  1618,  made  in  Oxford,  which 
he  communicated  to  Mr.  Harriot. 

**  Thomas  Flarriot  died  July  2,  162 1.  His  difeafe 
was  a cancerous  ulcer  in  the  lip,  which  fome  pretend  he 
got  by  a cuilom  he  had  of  holding  the  mathematical 
brafs  iiifiruments,  when  working,  in  his  mouth.  1 found 
feveral  of  his  letters,  and  anfvvers  to  them,  from  his  phy- 
fician  Dr.  Alexander  Rhead,  who  in  his  treatife  men- 
tions Harriot’s  difeafe.  His  body  was  convey^ed  to  St. 
Chriilopher’s  church,  in  London.  Over  his  grave  was 
foon  after  eredled  a monument,  with  a large  infeription, 
which  v/as  deftroyed  with  the  church  itfell  by  the  dread- 
ful fire  of  September  1666.  Fie  was  but  60  years  of  age.” 

The  peculiar  nature  and  merits  of  Harriot’s  Alge- 
bra, we  have  fpoken  largely  and  particularly  of,  under 
the  art.  Algebra,  page  89.  As  to  his  manufcripts 
lately  difeovered  by  Dr.  Zach,  as  above  mentioned,  it  is 
with  pleafure  I can  announce,  that  they  are  in  a fair  train 
to  be  publiihed  : they  have  been  prefented  to  the  uni- 
verfjty^  of  Oxford,  on  condition  of  their  printing  them  ; 
with  a view  to  which,  they  have  been  lately  put  into 
tlie  hands  of  an  ingenious  member  of  that  learned  body, 
to  arrange  and  prepare  them  for  the  prefs. 

HARRISON  (John),  a moll  accurate  mechanic, 
the  celebrated  inventor  of  the  famous  time-heeper  for  af- 
certaining  the  longitude  at  fea,  and  alfo  of  the  com- 
pound ov  gridiron-pendulum  ; was  born  at  Foulby,  near 
Pontefradl  in  Yorkfiiire,  in  1693,.  LI  Is  father  was  a 
carpenter,  in  which  profeffion  the  fon  afiiiled  ; occafion- 
ally  alfo,  according  to  the  mifcellaneous  pradlice  of 
country  ai  tills,  furveying  land,  and  repairing  clocks  and 
watches  ; and  young  Harrifon  always  was,  from  his 
e^^rly  childhood,  greatly  attached  to  any  machinery 
moving  by  wheels.  In  1700  he  removed  with  his  fa- 
ther to  Barrow  in  Lincolnfiiire  ; where,  though  his  op- 
portunities of  acquiring  knowledge  were  very  few,  he 
eagerly  improved  every  incident  from  which  he  might 


colledl  information  ; frequently  employing  all  or  great 
part  of  his  nights  in  writing  or  drawing  : and  he  always 
acknowledged  his  obligations  to  a clergyman  who  came 
every  Sunday  to  officiate  in  the  neighbourhood,  who  lent 
him  a MS.  copy  of  profelTor  Sanderfon’s  ledlures;  which 
he  carefully  and  neatly  tranfcribed,  with  ail  the  dia- 
grams. His  native  genius  exerted  itfelf  fuperior  to  thefe 
folitavy  difadvantages ; for  in  the  year  1726,  he  had 
conflrucled  two  clocks,  moilly  of  wood,  in  which  he 
applied  the  efcapement  and  compound  pendulum  of 
his  own  invention  1 thefe  furpaffed  every  thing  then 
made,  fcarcely  erring  a fecond  in  a month.  In  1728, 
he  came  up  to  London  with  the  drawings  of  a machine 
for  determining  the  longitude  at  fea,  in  expectation  of 
being  enabled  to  execute  one  by  the  Board  of  Longi- 
tude. FTpon  application  to  Dr.  Halley,  the  aftronomer 
royal,  he  referred  him  to  Mr.  George  Graham  ; who 
advifed  him  to  make  his  machine,  before  applying  to 
that  Board.  He  accordingly  returned  home  to  per- 
form histaflc  ; and  in  1735  to  London  again  with 
his  firll  machine  ; with  which  he  v/as  fent  to  Lliboii 
the  next  year,  to  make  trial  of  it.  In  this  ffiort  voyage, 
he  corredled  the  dead  reckoning  about  a degree  and  a 
half;  a fuccefs  which  procured  him  both  public  and’ 
private  encouragement.  About  the  year  1739  he  com- 
pleted his  fecond  machine,  of  a conllrudticn  much  more 
fimple  than  the  former,  and  which  anfwered  much  bet- 
ter ; this,  though  not  fent  to  fea,  recommended  Mr. 
Harrifon  yet  llronger  to  the  patronage  of  his  friends  and 
the  public.  His  third  machine,  which  he  produced  in 
1749,  was  Hill  lefs  complicated  than  the  fecond,  and 
more  accurate,  as  erring  only  3 or  4 feconds  in  a week. 
This  he  conceived  to  be  the  ne plus  ultra  of  his  attempts 
but  by  endeavouring  to  improve  pocket-watches,  he 
found  the  principles  he  applied  to  furpafs  his  expedta- 
tions,  fo  much,  as  to  encourage  him  to  make  his  fourth 
time-keeper,  which  is  in  the  form  of  a pocket-watch,, 
about  6 Inches  diameter.  With  this  time-keeper  his  foa 
made  two  voyages,  the  one  to  Jamaica,  and  the  other 
to  Barbadoes ; in  which  experiments  it  corredled  the 
longitude  within  the  nearell  limits  required  by  the  adt, 
of  the  1 2th  of  queen  Anne  ; and  the  inventor  had 
therefore,  at  different  times,  more  than,  the  propofed  re- 
ward, receiving  from  the  Board  of  Longitude  at  dif- 
ferent times  almoil  24,000!.  befides  a few  hundreds  ' 
from  the  Eaft  India  Company,  &c.  Thefe  four  ma- 
chines were  given  up  to  the  Board  of  Longitude.  The 
three  former  were  not  of  any  ufe,  as  all  the  advantages 
gained  by  making  them,  were  comprehended  in  the 
lall : being  worthy  however  of  prefervatlon,  as  mecha- 
nical curiofities,  they  are  depofited  In  the  Royal  Ob- 
fervatory  at  Greenwich.  The  fourth  machine,  empha- 
tically diftinguiffied  by  the  name  of  ‘The  tirne-ketper, 
was  copied  by  the  ingenious  Mr.  Kendal  and  that  du- 
plicate, during  a three  years  circumnavigation  of  the^ 
globe  in  the  fouthern  hemifphcre  by  captain  Cook,  an- 
fwered as  well  as  the  original. 

The  latter  part  of  Mr.  Llatrifon’s  life  was,  employed 
in  making  a fifth  improved  time-keeper,  on  the  fame- 
principles  with  the  preceding  one  ; wdiich,  after  a ten- 
weeks  trial,  In  1772,  at  the  king’s  private  obfervatory 
at  Richmond,  erred  only  4I  feconds.  Within  a few 
years  of  his  death,  his  conllltution  vlfibly  declined;, 
and  he  bad  frequent  fits  of  the  srout,  a diforder  that 
I,  .never 


HAY 


H E A 


[ £87  ] 


Tiever  attacked  liim  before  his  77th  year.  His  conflitii- 
tion  St  lad  yielding  to  the  infirmities  of  old  age,  he 
died  at  his  houfe  in  Red-Lion  Square,  in  1776,  at  83 
years  of  age. 

Like  many  other  mere  mechanics,  Mr,  Ilarrifon 
found  a difficulty  in  delivering-  his  fentiments  in  writ- 
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ing  (at  lead  in  the  latter  periods  of  his  life,  when  his 
faculties  were  much  impaired)  in  which  he  adhered  to  a 
peculiar  and  uncouth  phrafeology.  This  was  but  too 
evident  in  his  Defcnption  concerning fuch  Alechanifin  as 
(will  afford  a nice  or  true  Menfuratisn  of  Time,  &c.  8vo, 
1775.  This  fmall  work  includes  alfo  an  account  of  his 
new  mufical  fcale  ; being  a mechanical  divifion  of  the 
odfave,  according  to  the  proportion  which  the  radius 
and  diameter  of  the  circle  liave  refpeflively  to  the  cir- 
cumference. He  had  in  his  youth  been  the  leader  of  a 
band  of  church-fingers  ; had  a very  delicate  ear  for 
mufic  ; and  his  experiments  on  found,  with  a curious 
nionochord  of  his  own  improvement,  it  has  been  faid 
were  not  lefs  accurate  than  thole  he  was  en paired  in  for 
the  menfuration  of  -time. 

HAUTEFEUILLE  (John),  an  ingenious  mecha- 
nic, born  at  Orleans  in  1674.  He  made  a great  pro- 
grefs  in  mechanics  in  general,  but  had  a particular  tade 
for  clock-work,  and  made  feveral  difcoverles  in  it  that 
Vv'cre  of  fingular  ufe.  It  was  he  it  feems  who  found  out 
the  fecret  of  m.odcrating  the  vibration  of  the  balance  by 
means  of  a fmall  deel-fpring,  which  has  fince  been  made 
ufe  of.  This  difeovery  he  laid  before  the  members  of 
the  Academy  of  Sciences  in  1694;  and  thefe  watches 
are,  by  way  of  eminence,  called  per.dulum-nvatches  ; not 
that  they  have  real  pendulums,  but  becaufe  they  nearly 
approach  to  the  jullnefs  of  pendulums.  M.  Huygens  per- 
feAed  this  happy  invention  ; but  having  declared  himfelf 
the  inventor  and  obtained  a patent  for  making  watches 
with  fpiral  fprlngs,  the  abbe  Feuille  oppofed  the  regif- 
terlng  of  it,  and  publifhed  a piece  on  the  fubjeff  againlt 
Huygens.  He  died  in  1724,  at  50  years  of  age.  Be- 
fides  the  above, 

He  wrote  a great  many  other  pieces,  moft  of  which 
are  fmall  pamphlets,  but  very  curious  ; as,  i.  His  Per- 
petiial  Pendulum.  2.  New  Inventions.  3.  The  Art 
of  Breathing  under  Water,  and  the  means  of  preferving 
a Flame  fliut  up  in  a Small  Place.  4.  Reflections  on 
machines  for  Ralfing  Water.  5.  His  Opinion  on  the 
different  Sentiments  of  Mallebranche  and  Regis,  relat- 
ing to  the  Appearance  of  the  Moon  when  feen  in  the 
Horizon.  6.  The  Magnetic  Balance.  7.  A Placet 
to  the  king  on  the  Longitude.  8.  Letter  on  the  Se- 
cret of  the  Longitude.  9.  A New  Syftem  on  the 
Flux  and  Reflux  of  the  Sea.  10.  The  means  of  mak- 
ing Senfible  Experiments  that  prove  the  Motion  of  the 
Earth  : and  many  other  pieces. 

HAYES  (Charles,  Efq.),  a very  Angular  perfon, 
whofe  great  erudition  was  fo  concealed  by  his  modeffy, 
that  his  name  is  known  to  very  few,  though  his  publica- 
tions are  many.  He  was  born  In  i 678,  and  died  in  1760, 
at  82  years  of  age.  He  became  diflinguifhed  In  1704 
by  a Treatife  of  Fluxions,  in  folio,  being  we  believe  the 
flrfl;  treatife  on  thatfcience  ever  publifhed  in  the  Engllfh 
language  ; and  the  only  work  to  which  he  ever  fet  his 
name.  In  1710  came  out  a fmall  4to  pamphlet,  in  19 
pages,  intitlcd,  A New  and  eafy  Method  to  find  out  the 
Longitude  from  obferving  the  Altitudes  of  the  CeleftiaJ 


bodies.  Alfo,  in  1723,  he  publifhed,  The  Moon,  a 
Phiiofophical  Dialogue  ; tending  to  fliew,  that  the  moon 
is  not  an  opaque  body,  but  has  native  light  of  her  own. 

To  a fltill  in  the  Greek  and  Latin,  as  well  as  the 
modern  languages,  lie  added  the  knowledge  of  the  He- 
brew : and  he  publifhed  feveral  pieces  reltiting  to  the 
tranflation  and  chronology  of  the  feriptures.  During 
a long  courfe  of  years  lie  had  the  chief  management  of 
the  late  African  company,  being  annually  eleded  fub- 
governor.  But  on  the  diffolution  of  that  company  in 
he  retired  to  Down  in  Kent,  where  he  gave  him- 
felf up  to  fliidy ; from  whence  however  he  returned  in 
1758,  to  chambers  In  Gray’s  inn,  London,  where  he 
died  in  1760,  as  mentioned  above. 

He  left  a podhurnous  work,  that  was  publifhed 
in  8vo,  under  the  title  of  Chronographia  j-IJtatica  et 
yEgyptiaca  fjfc. 

HEAT,  the  oppofite  to  cold,  being  a relative  term 
denoting  the  property  of  fire,  or  of  tliole  bodies  wc  de- 
nominate hot ; being  in  us  a fenfation  excited  by  the 
ai51Ion  of  fire. 

Heat,  as  it  exifls  in  the  hot  body,  or  that  which  con- 
ftitutes  and  denominates  a body  hot,  and  enables  it  to 
produce  fuch  effects  on  our  organs,  is  varionfly  confi- 
dered  by  the  philofophers  ; fome  making  it  a quality, 
others  a fubftance,  and  others  only  a mechanical  affec- 
tion. The  former  principle  is  laid  down  by  Ariflotle 
and  the  Peripatetics.  While  the  Epicureans,  and  other 
corpufcularians,  define  Heat  not  as  an  accident  of  fire, 
but  as  an  eflential  power  or  property  of  it,  the  fame  in, 
reality  with  it,  and  only  diftingruiflied  from  it  in  the 
manner  of  our  conception.  So  that  Heat,  on  therr  prin- 
ciples, is  no  other  than  the  volatile  fiibflance  of  fire  it* 
ftlf,  reduced  into  atoms,  and  emitted  in  a continual 
flream  from  ignited  bodies;  fo  as  not  only  to  warm  the 
objedls  within  its  reach,  but  alfo,  if  they  be  inflamma- 
ble, to  kindle  them,  turn  them  into  fire,  and  confpire 
with  them  to  make  flame.  In  effedf,  thefe  corpnfcles, 
fay  they,  flying  off  from  the  ignited  body,  conftitutc 
fire  while  yet  contained  within  the  fphere  of  its  flame  ; 
but  when  fled,  or  got  beyond  the  fame,  and  difperfed 
every  way,  fo  as  to  efcape  the  apprehenfion  of  the  eye, 
and  only  to  be  perceived  by  the  feeling,  they  take  the 
denomination  of  Heat,  inafmuch  as  they  excite  in  us 
that  fenfation. 

The  Cartefians,  improving  on  this  dofirine,  affert 
that  Heat  confilis  in  a certain  motion  of  the  infenfiblc 
particles  of  a body,  refembling  the  motion  by  w'hich  the 
feveral  parts  of  our  body  are  agitated  by  the  motion  of 
the  heart  and  blood. 

Our  lateft  and  befl:  writers  of  mechanical,  experi- 
mental, and  chemical  philofophy,  differ  very  confider- 
ably  about  Heat.  The  chief  difference  is,  w hether  it 
be  a peculiar  property  of  one  certain  immutable  body, 
called  fire,  or  phlogiflon,  or  eledlricity  ; or  wdiether  it 
may  be  produced  mechanically  in  other  bodies,  by  in- 
ducing an  alteration  in  their  particles.  The.  former 
tenet,  which  is  as  ancient  as  Democritus,  and  the  fyf- 
tem  of  atoms,  had  given  way  to  that  of  the  Cartefianc, 
and  other  mechanifts  ; but  is  now  with  great  addrefs 
retrieved,  and  improved  on,  by  fome  of  the  lateft 
writers,  particularly  Flomberg,  the  younger  Lemery, 
Gravefande,  Boerhaave  in  his  leisures  on  fire,  Black, 
Crawford,  and  other  chemical  philofophers. 
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The  thing  called  fire,  according  to  Boerhaave,  is  a 
body  fui  generis,  created  fucli  ab  origine,  unalterable  in 
its  nature  and  properties,  and  not  either  producible  de 
novo  from  any  other  body,  nor  capable  of  being  re- 
duced into  any  other  body,  or  of  ceafing  to  be  fire. 
This'fire,  he  contends,  is  diffufed  equably  every  where, 
and  exiils  alike,  or  in  equal  quantity,  in  all  the  parts  of 
fpace,  whether  void,  or  pofTeired  by  bodies ; but  that 
naturally,  and  in  itielf,  it  is  perfectly  latent  and  imper- 
ceptible ; being  only  difcovered  by  certain  efFedfs  wdrich 
it  produces,  and  which  are  cognizable  by  our  fenfes. 
Thcfe  effects  are  Heat,  light,  colour,  rai efadlion,  and 
burning,  which  arc  all  indications  of  fire,  as  being  none 
of  them  producible  by  any  other  caule  : fo  that  where- 
ever  we  obferve  any  of  thele,  we  may  fafely  infer  the 
adtion  and  prefence  of  lire.  But  though  the  efl'edt  can- 
not be  without  the  caufe,  yet  the  fire  may  remain  with- 
out any  of  thefe  cfledts  ; any,  we  mean,  grots  enough  to 
affedt  our  fenfes,  or  become  objedts  of  them  : and  this, 
he  adds,  is  the  ordinary  cafe  ; there  being  a concurrence 
of  other  circumftances,  w'hich  are  often  w^anting,  ne- 
ceffary  to  the  produdlion  of  fuch  fenfible  effedls. 

The  mechanical  philofophers,.  particularly  Bacon, 
Boyle,,  and  hlewton,  conceive  otlierwule  of  Heat  ; con- 
fidering  it  not  as  an  original  inherent  property  of  any 
particular  fort  of  body  ; but  as  mechanically  producible 
inanybody.  Theformer,in  an  exprefs  treatife  De  Forma 
Calidi,  from  a particular  enumeration  of  the  feveral  phe- 
nomena and  effedls  ol  Heat,  deduces  feveral  general  pro- 
pei'ties  of  it ; and  hence  he  defines  Heat,  an  expanfive  iin- 
dulatory  motion  in  the  minute  particles  of  the  body  ; by 
which  they  tend,  with  foine  rapidity,  towards  the  circum- 
ference, and  at  the  fame  time  incline  a little  upwards. 

Mr.  Boyle,  in  a Treatife  on  the  Mechanical  Origin 
of  Heat  and  Cold,  ftrongly  fupports  the  doctrine  of 
the  producibllity  of  Heat,  wuth  new  obfervations  and 
experiments  ; as  in  the  in  fiance  of  a fmith  brilkly  ham- 
mering a fmall  piece  of  iron,  which,  though  cold  be- 
fore, foon  becomes  exceedingly  hot. 

This  fyftem  is  alfo  farther  iupported  by  Newton,  who 
does  not  conceive  fire  as  any  particular  Ipecies  of  body, 
originally  endued  with  fuch  and  inch  properties.  Fire, 
according  to  him,  is  only  a body  much  ignited,  that  is 
heated  hot,  fo  as  to  emit  light  copioufiy : what 
elfe,  fays  he,  is  red-hot  iron  but  fire  ? and  what  elfe 
is  a burning  charcoal  but  red-hot  wmod  ? or  flame  itfelf, 
but  red-hot  fmoke  ? It  is  certain  that  fame  is  only 
the  volatile  part  of  the  fuel  heated  icd-hot,  i.  e.  fo 
hot  as  to  fliine  ; and  hence  only  fiacli  bodies  as  are  vo- 
latile, that  is,  fuch  as  emit  a copious  iumc,  will  fame  ; 
nor  will  they -flame longer  than  they  have  fume  to  burn. 
In  diftilling  hot  fpirlls,  if  the  liead  of  the  fiill  be  taken 
off,  the  afeending  vapours  will  catch  fire  from  a candle, 
and  turn  into  a flame.  And  in  the  fame  manner  fevc- 
ral. bodies,  much  heated  by  motion,  attrition,  fermen- 
tation, ©r  the  like,  wull  emit  lucid  fumes,  wFich,  if 
they  be  copious  enough,  and  the  heat  fufficiently  great, 
will  be  flame  ; and  the  reafon  why  fufed  metals  do 
not  flame,  is  the  fmallnefs  of  their  fume  ; this  is  evident, 
becaiife  fpilter,  which  fumes  mofi  copioufiy,  does  like- 
wife  flame.  Add,  that  all  flaming  bodies,  as  oil,  tal- 
low, wax,  wood,  pitch,  fulphur,  &c,  by  flaming,  wafte 
and  vanifh  into  burning  fmoke.  And  do  not  all  fixed 
bodies,  when  heated  beyond  a certain  degree,  emit  light,^ 


and  fhine  ? and  is  not  this  emifiion  performed  by  the  vk 
brating  motion  of  their  parts  ? and  do  not  all  bodies, 
which  abound  wuth  terreRirial  and  fulphureous  parts, 
emit  light  as  often  as  thofc  parts  are  fufiiciently  agitat- 
ed, w'lietker  that  agitation  be  made  by  external  fire,  or 
by  frivfiion,  or  percuffion,  or  putrefaftlon,  or  by  any 
other  caufe?  Thus,  fea  water,  in  a ftorm  j quickfilver 
agitated  in  vacuo  ; the  back  of  a cat,  or  the  neck  of 
a horfe,  obliquely  rubbed  in  a dark  place  ; wood,  flefh, 
and  fifii,  wdiile  they  putrefy  ; vapours  from  putrefying 
waters,  ufually  called  Ignes  fatul  ; fiacks  of  moifi  hay  or 
corn  ; glow-worms  ; amber  and  diamonds  by  rubbing; 
fragments  of  ftcel  firuck  off  with  a flint,  &c,  all  emit 
light.  Are  not  grofs  bodies  and  light  convertible  into 
one  another?  and  may  not  bodies  receive  much  of  their 
adllvity  from  the  particles  of  light  wfiiich  enter  their 
compofition  ? I know  no  body  lefs  apt  to  fliine  than 
wmter  ; and  yet  wmter,  by  frequent  diftlllations,  changes 
into  fixed  earth,  which,  by  a fufficient  Heat,  may  be 
brought  to  fliine  like  other  bodies. 

Add,  that  the  fun  and  fiars,  according  to  New'ton’s 
conjedlure,  are  no  other  than  great  earths  vehemently 
heated : for  large  bodies,  he  obferves,  preferve  their 
Heat  the  longefi,  their  parts  heating  one  another  ; and 
why  may  not  great,  denfe,  and  fixed  bodies,  when  heated 
beyond  a certain  degree,  emit  light  fo  copioufiy,  as  by 
the  emifiion  and  readllon  of  it,  and  the  refledlions  and  re- 
fradlions  of  the  rays  within  the  pores,  to  grow  fiill  hotter, 
till  they  arrive  at  fuch  a period  of  Heat  as  is  that  of  the 
fun‘?  Their  parts  alfo  may  be  farther  preferred  from  fum- 
ing awmy,  not  only  by  their  fixity,  but  by  the  vaft  weight 
and  denfity  of  their  atmofpheres  incumbent  on  them, 
thus  ftrongly  comprefiing  them,  and  condenfmg  the 
vapours  and  exhalations  arifing  from  them.  Hence  w^e 
fee  warm  water,  in  an  exhaufted  receiver,  fiiall  boil  as 
vehemently  as  the  hotteft  wmter  open  to  the  air  ; the 
weight  of  the  incumbent  atmofphcre,  in  this  latter  cafe, 
keeping  dow  n the  vapours,  and  hindering  the  ebullition, 
till  it  has  conceived  its  utmoft  degree  of  Heat.  So 
alfo  a mixture  of  tin  and  lead,  put  on  a red-hot  iron 
in  vacuo,  emits  a fume  and  flame  ; but  the  fame  mix- 
ture in  the  open  air,  by  reafon  of  the  Incumbent  atrao*- 
fpbere,  does  not  emit  the  leaft  fenfible  flame. 

Thus  much  for  the  fyftem  of  the  producibility  oF 
Heat, 

On  tlie  otlier  band,  M.  Homberg,  in  his  EfTai  dii 
Soufre  Principe,  holds,  that  the  chemical  principle  or 
element,  fulphur,  which  is  fuppofed  one  of  the  Ample, 
primary,  pre-exifient  ingredients  of  all  natural  bodies, 
Is  real  fire  ; and  conlequently  that  fire  is  co-eval  with 
body.  Mem.  de  I’Acad.  an.  1705. 

Dr.  G ravefande  goes  upon  much  the  fame  principle. 
According  to  him,  fire  enters  the  compofition  of  all 
bodies,  is  contained  in  ail  bodies,  and  may  be  feparated*^ 
or  procured  from  all  bodies,  by  rubbing  them  againft 
each  other,  and  thus  putting  their  fire  in  motion.  But 
fire,  he  adds,  is  by  no  means  generated  by  fuch  motion. 
Elem.  Phyf.  tom.  2,  cap.  i.  Heat,  in  the  hot  body, 
he  fays,  is  an  agitation  of  the  parts  of  the  body, 
made  by  means  of  the  fire  contained  in  it  ; by  fuch 
agitation  a motion  is  produced  In  our  bodies,  w^hich 
excites  the  Idea  of  Heat  In  our  minds:  fo  that  Heat, 
In  refpedt  of  us,  is  nothing  but  that  idea,  and  in  the 
hot  body  nothing,  but  inotion.  If  fuch  motion  expel’ 
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tTie  fire  in  right  lines,  it  may  give  us  the  idea  of  light ; 
if  in  a various  and  irregular  motion,  only  of  Heat. 

Lemery,  the  younger,  agrees  with  { hefe  two  authors, 
in  afferting  this  abfolute  and  ingenerable  nature  of  fire  ; 
bill  he  extends  it  farther.  Not  contented  with  confin- 
ing it  as  an  el-raent  to  bodies,  he  endeavours  to  fhevv, 
that  it  is  equably  diftufed  through  all  fpace  ; that  it  is 
prefent  in  all  places,  even  in  the  void  fpaces  between 
tlie  bodies,  as  well  as  in  the  infenfible  interllices  be- 
tween their  parts.  And  this  lad  fentimcnt  falls  in  with 
that  of  Boeihaavc  above  deliveied.  hlem.  dePAcad. 
an.  1713. 

Fhilofopb.ers  have  lately  difilngniflied  Heat  into 
Ablolute,  and  Senfible.  By  Abfolule  Heat,  or  fire, 
they  mean  that  power  or  element  which,  when  it  is 
in  a certain  degree,  excites  in  animals  the  fenfation  of 
Heat;  and  by  Senfible  Heat,  the  lame  power  confidet- 
ed  in  its  relation  to  the  effeds  which  it  produces  : thus, 
two  bodies  are  faid  to  have  equal  quantities  of  fenfible 
Heat,  when  they  produce  equal  effeds  upon  the  mer- 
cury in  the  thermometer  ; but  as  bodies  of  different 
kinds  have  dififrent  capacities  for  containing  Heat,  the 
abfolute  Heat  in  fuch  bodies  will  be  different,  though 
the  fenfible  Heat  be  the  fame.  Thus,  a pound  of  water 
and  a pound  of  antimony,  of  the  fame  temperature, 
have  equal  fenfible  Heat ; but  the  former  contains  a 
much  greater  quant  ity  of  abfolute  Heat  than  the  latter. 

hi.  De  Luc  has  evinced,  by  a variety  of  experiments, 
that  the  expanfions  of  mercury  between  the  freezing 
and  boiling  points  of  water,  correfpond  precifely  to  the 
quantities  of  abfolute  Heat  applied,  and  that  its  con- 
tradions  are  propoi-tionable  to  the  diminution  of  this 
element  within  thefe  limits.  And  from  hence  it  may 
be  inferred,  that  if  the  mercury  were  to  retain  its  fluid 
form,  its  contradions  would  be  proportionable  to  the 
decrements  of  the  abfolute  Heat,  though  the  diminu- 
tion were  continued  to  the  point  of  total  privation. 
But  the  comparative  quantities  of  abfolute  Heat,  which 
are  communicated  to  different  bodies,  or  feparated  from 
them,  cannot  be  determined  in  a dired  manner  by  the 
thermometer. 

Some  philofophers  have  apprehended  that  the  quan- 
tities of  abfolute  Heat  in  bodies,  are  in  proportion  to 
their  denfities.  While  others,  as  Boerhaave,  imagined 
that  Heat  is  equally  diflufed  through  all  bodies,  the 
denfefl  as  well  as  the  rarefl,  and  therefore  that  the  quan- 
tities of  Heat  in  bodies  are  in  proportion  to  their  bulk 
or  magnitude:  and,  at  his  deflre,  Fahrenheit  attempted 
to  determine  the  fad  by  experiment.  For  this  pur- 
pofe,  he  took  equal  quantities  of  the  fame  fluid,  and 
gave  them  different  degrees  of  Heat,  then  upon  mixing 
them  intimately  together,  he  found  that  the  tempera- 
ture of  the  mixture  was  a juft  medium,  or  arithmeti- 
cal mean,  bet  ween  the  two.  But  if  this  experiment  be 
made  with  water  and  mercury,  in  the  fame  circurn- 
ftances,  viz  in  equal  bulks,  the  refiilt  will  be  different,  as 
the  temperature  ot  the  mixture  will  not  be  a mean  between 
the  two,  but  always  nearer  to  that  of  the  water  than 
to  the  quickfilver  ; fo  that,  when  the  water  is  the  hot- 
ter, the  temperature  of  the  mixture  is  above  the  mean, 
and  below  it  when  the  water  is  the  colder.  And  from 
experiments  of  this  kind  it  has  been  InfeiTcd,  that  the 
comparative  quantities  of  the  abfolute  Heats  of  thefe 
fluids,  are  redprocally  proportional  to  the  changes  which- 


are  produced  In  their  fenfible  Heats,  when  they  arc 
mixed  together  at  different  temperatures  : and  this  fad 
has  been  publicly  taught,  for  feveral  years,  by  Dr. 
Black,  and  Dr.  Irvine,  in  the  univerfities  of  Edinburgh  ' 
and  Glafgovv.  This  rule  however  does  not  apply  to 
thofe  fubitances  which,  In  mixture,  excite  fenfible  Heat 
by  chemical  adlon. 

From  the  experiments  and  reafoning  employed  by 
Dr.  Crawford,  it  more  fully  appears,  that  the  quanti-' 
ties  of  abfolute  Heat  In  different  bodies,  are  not  as  their 
denfities  ; or  that  equal  weights  of  heterogeneous  fub- 
ftances,  as  air  and  water,  having  the  fame  temperature,- 
may  contain  unequal  quantities  of  abfolute  Fleat : he 
alfo  fliews,  that  if  phlogifton  be  added  to  a body,  a 
quantity  of  the  abfolute  Heat  of  that  body  will  be  ex- 
tricated ; and  if  the  phlogifton  be  feparated  again,  an 
equal  quantity  of  Heat  will  be  abforbed.  So  that  Heat 
and  phlogifton  appear  to  be  two  oppofite  principles  in 
nature.  But  this  ingenious  writer  has  not  prefumed 
abfolutcly  to  decide  the  queftion  that  has  been  long  agi- 
tated, whether  Heat  be  a fubftance  or  a quality.—  , 
He  inclines  to  the  foi'mer  opinion  however,  and  ob- 
ferves,  that  if  we  adopt  the  opinion,  that  Heat  Is  a dif- 
tinft  fubftance,  or  an  element  fui  generis,  the  pheno- 
mena will  be  found  to  admit  of  a Ample  and  obvious  in- 
terpretation, and  to  be  perfectly  agreeable  to  the  ana- 
logy of  nature.  See  Crawford’s  Experiments  and  Ob- 
fervations  on  Animal  Fleat  and  the  Inflammation  of 
Combuflible  Bodies. 

Animal  Heat.  The  Heat  of  animals  is  very  vari- 
ous, both  according  to  the  variety  of  their  kinds,  and 
the  difference  of  the  feafoiis  ; accordingly,  zuologifts 
have  divided  them  Into  hot  and  cold  blooded,  reckoning 
thofe  to  be  hot  that  are  near  or  above  our  own  tempera- 
ture, and  all  others  cold  whofe  Fleat  is  below  ours,  and 
confequently  affecSl  us  with  the  fenfe  of  cold  ; thus 
making  the  human  fpecies  a medium  between  the  hot 
and  cold  blooded  animals,  or  at  leaft  the  loweft  order 
of  the  hot  blooded. 

The  Heat  of  the  human  body,  in  its  natural  ftate, 
according  to  Dr.  Boerhaave,  is  fuch  as  to  raife  the 
mercury  in  the  thermometer  to  92°  or  at  moft  to  94®; 
and  Dr.  Pitcairn  makes  the  heat  of  the  human  fldn  the 
fame.  Indeed  it  is  evident  that  different  parts  of  the 
liiiman  body,  and  Its  different  ftates,  as  well  as  the  dif- 
ferent feafons,  will  make  it  fliew  of  different  tempera- 
tures. Thus,  by  various  experiments  at  different  times,- 
the  Heat  of  the  human  body  is  made  various  by  the 
following  authors  : 

Boerhaave  and  Pitcairn  - - 92^^ 

Amontons  - - - ^1,92,  or  93 

Sir  Ifaac  Newton  - - - 95  i 

Fahrenheit  and  Muflclienbroek,  the  blood,  96 
Dr.  Martine,  the  fldn  - - 97  or 


•,  the  urine 


Dr.  Hales,  the  fldn 

, the  urine 

Mr.  John  Hunter,  under  his  tongue, 

j in  his  redfcinn 

, his  urethra  at  I inch, 

at  2 inches, 
at  4 inches, 


99 

97 

10 


0 

97 

98 

92 

93 
9F 


the  ball  of  the  thermom,  at  the  bulb  1 
of  the  urethra 
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the  powers  of  animals  to  bear  various  degrees  of 
Heat,  fee  the  Philof.  Ts  anf.  vol.  65,  68,  See, 

There  is  hardly  any  fubjedl  of  philofophical  invelli- 
gation  that  has  afforded  a greater  variety  of  hypothe- 
fes,  conjetlures,  and  experiments,  than  the  caufe  of  ani- 
mal Heat.  The  firfl  opinion  which  has  very  generally 
obtained,  is,  that  the  Heat  of  animal  bodies  is  owing 
to  the  attrition  between  the  arteries  and  the  blood.  All 
the  obfervations  and  reafoning  brought  in  favour  of 
this  opinion  however,  only  drew  that  the  Heat  and  the 
motion  of  the  arteries  are  generally  prop@rtional  to  each 
other  ; without  fhewing  which  is  the  caufe,  and  which 
the  effedt ; or  indeed  that'  either  is  the  caufe  or  effedt 
of  the  other,  fince  both  may  be  the  eflPedls  of  fome  other 
caufe. 

Dr.  Douglas,  in  hisEffay  on  the  Generation  of  Heat 
in  animals,  aferibes  it  folely  to  the  fridtion  of  the  globules 
of  blood  in  their  circulation  through  the  capillary  vef- 
fels. 

Another  opinion  is,  that  the  lungs  arc  the  fountain 
of  Heat  in  the  human  body : and  this  opinion  is  fiip- 
ported  by  much  the  fame  fort  of  arguments  as  the  for- 
mer, and  feemingly  to  little  better  purpofe. 

A third  opinion  is,  that  the  caufe  of  animal  Heat  is 
owing  to  the  adlion  of  the  folid  parts  upon  one  another. 
And  as  the  heart  and  arteries  move  moil,  it  has  been 
thought  natural  to  expedl  that  the  Heat  fhould  be  ow- 
ing to  this  motion.  But  even  this  does  not  feem  very 
plaufible,  from  the  following  confiderations  : i ft,  The 
moving  parts,  however  we  term  them  folid,  are  neither 
hard  nor  dry ; which  two  conditions  are  abfolutely  re- 
quifite  to  make  them  fit  to  generate  Heat  by  attri- 
tion. 2d,  None  of  their  motions  are  fwift  enough  to 
promife  Heat  in  this  way.  3d,  They  have  but  little 
change  of  furface  in  their  attritions.  And  4thly,  The 
moveable  fibres  have  fat,  mucilage,  or  liquors  everyway 
furroiinding  them,  to  prevent  their  being  deftroyed,  or 
heated  by  attrition. 

A fourth  caufe  afiigned  for  the  Heat  of  our  bodies, 
is  that  procefs  by  which  our  aliment  and  fluids  are  per- 
petually undergoing  fome  alteration.  And  this  opinion 
is  chiefly  fupported  by  Dr.  Stevenfon,  in  the  Edinburgh 
Medical  ElTays,  vol.  5,  art.  77. 

The  late  ingenious  Dr.  Franklin  inclines  to  this  opi- 
nion, when  he  fays,  that  the  fluid  fire,  as  well  as  the 
fluid  air,  is  attraAed  by  plants  in  their  growth,  and 
becomes  confolidated  with  the  other  materials  of  which 
they  are  formed,  arid  makes  a great  part  of  their  fiib- 
ftance ; that  when  they  come  to  be  digefted,  and  to 
undergo  a kind  of  fermentation  in  the  veftlds,  part  of 
the  fire,  as  well  as  part  of  the  air,  recovers  its  fluid  ac- 
tive ftate  again,  anddiffufes  itfelf  on  the  body  digefting 
and  feparating  it ; See,  Exper,  and  Obf.  on  Eledlrici- 
ty,  p.  346. 

Dr.  Mortimer  thinks  the  Heat  of  animals  explica- 
ble from  the  phofphorus  and  air  they  contain.  Phof- 
phorus  exifts,  at  Icaft  in  a dormant  ftate,  in  animal 
^fluids  ; and  it  is  alfo  known  that  they  all  contain  air  ; 
it  is  therefore  only  neceflary  to  bring  the  phofphoreal 
and  aereal  particles  into  contadl,  and  Heat  muft  of  con- 
fequence  be  generated  ; and  were  it  not  for  the  quantity 
of  aqueous  humours  in  animals,  fatal  accenfions  would 
frequently  happen.  Philof.  Tranf.  number  476. 

Dr.  Black  fuppofes,  that  animal  Heat  is  generated 


altogether  in  the  lungs,  by  the  aclion  of  the  air  on  tE; 
principle  of  inflammability,  and  is  thence  diffufed  over 
the  reft  of  the  body  by  means  of  the  circulation.  But 
Dr.  Leflle  urges  feveral  arguments  againft  this  hypothe- 
fis,  tending  to  ftiew  that  it  is  repugnant  to  the  known 
laws  of  tlie  animal  machine  ; and  he  advances  another 
hypothefis  inftead  of  it,  viz,  that  thefubtle  principle  by 
cbemifts  termed  phlogifton,  which  enters  into  the  com- 
poution  of  natural  bodies,  is  in  confequence  of  the  aftioa 
of  the  vafcular  fyftem  gradually  evolved  through  every 
part  of  the  animal  machine,  and  that  during  this  evo- 
lution Heat  is  generated.  This  opinion,  he  candidly 
acknowledges,  was  firft  delivered  by  Dr.  Duncan  of 
Edinburgh  ; and  that  fomething  fimiiar  to  it  is  to  be 
found  in  Dr.  Franklin’s  works,  and  in  a paper  of  Dr. 
Mortimer’s  in  the  Philof.  Tranf, 

The  laft  hypothefis  we  fhali  mention,  is  the  very 
plaufible  one  of  Dr.  Crawford,  lately  publifhed  in  his  Ex- 
periments and  Obfervations  on  Animal  Heat.  This  in- 
genious gentleman  has  inferred,  from  a variety  of  expe- 
riments, that  Heat  and  phlogifton,  fo  far  from  being 
connedled,  as  moft  philofophers  have  imagined,  adf  in 
fome  mcafure  in  oppofition  to  each  other.  By  the 
adlion  of  Heat  on  bodies,  the  force  of  their  attradion  of 
phlogifton  is  diminilhed,  and  by  the  adtion  of  phlogifton, 
a part  of  their  abfolute  Heat  is  expelled.  He  has  alfo  de- 
monftrated,  that  atmofpherical  air  contains  a greater 
quantity  of  abfolute  Heat  than  the  air  which  is  expired 
from  the  lungs  of  animals  : he  makes  the  proportion 
of  the  abfolute  Heat  of  atmofpherical  air  to  that  of  fixed 
air,  as  67  to  I ; and  the  Heat  of  dephlogifticated  air  to 
that  of  atmofpherical  air  as  4*6  to  i ; and  obferving 
that  Dr.  Prieftley  has  proved,  that  the  power  of  this 
dephlogifticated  air  in  fupporting  animal  life,  is  5 times 
as  great  as  that  of  atmofpherical  air,  he  concludes 
that  the  quantity  of  abfolute  Heat  contained  in  any 
kind  of  air  fit  for  refpiration,  is  very  nearly  in  propor- 
tion to  its  purity,  or  to  its  power  of  fupporting  animal 
life  ; and  fince  the  air  exhaled  by  refpiration,  is  found 
to  contain  only  the  67th  part  of  the  Heat  which  was 
contained  in  the  atmofpherical  air,  previous  to  infpira- 
tion,  it  is  very  reafonaHy  inferred,  that  the  latter  muft 
neceflarily  depofit  a very  great  proportion  of  its  abfolute 
Heat  in  the  lungs.  Dr.  Crawford  has  alfo  fiiewn,  that 
the  blood  which  paftes  from  the  lungs  to  the  heart,  by 
the  pulmonary  vein,  contains  more  abfolute  Heat  than 
that  which  paffes  from  the  heart  to  the  lungs,  by  the 
pulmonary  artery  ; the  abfolute  Heat  of  florid  arterial 
blood  being  to  that  of  venous  blood,  as  li*  to  10; 
therefore,  fince  the  blood  which  is  returned  by  the  pul- 
monary vein  to  the  heart  has  the  quantity  of  its  ab- 
folute Heat  increafed,  it  muft  have  acquired  this  Heat 
in  its  pafiage  through  the  lungs  ; fo  that  in  the  procefs 
of  refpiration  a quantity  of  abfolute  Heat  is  feparated 
from  the  air,  and  abforbed  by  the  blood.  Dr.  Prieft- 
ley has  alfo  proved,  that  in  i*efpiration,  phlogifton  is  fe- 
parated from  the  blood,  and  combined  with  air. 

This  theory  however  has  been  contelled  and  deput- 
ed, and.  It  has  been  faid.  Dr.  Crawford’s  experiments 
repeated,  with  contrary  refults.  Though  no  regular 
and  fyftematical  theory  has  yet  been  formed  in  its 
ftead. 

PI  EAT  of  Comhujlihh  and  Injlammalle  Bodies,  Dr. 
Crawford’s  theory  with  refpedt  to  the  inflammation  of 
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eombuftible  bodies,  is  founded  on  the  fame  principles 
as  his  doctrine  concerning  the  Heat  of  animals.  Ac- 
cording to  him,  the  Heat  which  is  produced  by  com- 
buftion,  is  derived  from  the  air,  and  not  from  the  inflam- 
mable body.  Inflammable  bodies,  he  fays,  abound  with 
phlogillon,  and  contain  little  abfolute  Heat  : the  atmo- 
fphcre,  on  the  contrary,  abounds  with  abfolute  Heat,  and 
contains  little  phlogifton.  In  the  procefs  of  inflamma- 
tion, the  phlogiflon  is  feparated  from  the  inflammable 
body,  and  combined  with  the  air ; the  air  is  phlogifli- 
cated,  and  gives  off  a great  proportion  of  its  abfolute 
Heat,  which,  when  extricated  fuddenly,  burfls  forth  in- 
to flame,  and  produces  an  intenfe  degree  of  fenfible 
Heat.  And  fmee  it  appears  by  calculation,  that  the 
Heat  produced  by  converting  atmofpherlcal  into  fixed 
air,  is  fuch,  if  it  were  not  diffipated,  as  would  be  fufii- 
cient  to  raife  the  air  fo  changed,  to  more  than  12  times 
the  Heat  of  red-hot  iron,  it  follows,  that  in  the  procefs 
of  inflammation  a very  great  quantity  of  Heat  is  derived 
from  the  air.  But,  on  the  contraiy,  no  part  of  the 
Heat  can  be  derived  from  the  combuflible  body  ; be- 
caufe  this  body,  during  the  inflammation,  being  de- 
prived of  its  phlogfflon,  undergoes  a change  fimilar  to 
that  of  the  blood  by  the  procefs  of  refpiration,.  in  con- 
fequence  of  which  its  capacity  of  containing  Heat  is 
increafed  ; and  therefore  it  will  not  give  off  any  part 
of  its  abfolute  Heat,  but,  like  the  blood  in  its  paffage 
through  the  lungs,  it  will  abforb  Heat. 

A fimilar  theory  of  Heat  has  lately  been  publifhed 
by  Mr.  Elliot.  See  his  Philofophical  Obfervations  on 
the  fenfes  of  Vifion  and  Hearing  ; to  which  is  added  an 
Eflay  on  Combuflion  and  Animal  Heat.  8vo,  1780. 

Heat,  in  Geography^  is  that  which  relates  to  the 
earth.  There  is  a great  variety  in  the  Heat  of  differ- 
ent places  and  feafons.  Naturalifls  have  commonly  laid 
it  down,  that  the  nearer  any  place  is  to  tlie  centre  of 
the  earth,  the  hotter  it  is  found  \ but  this  does  not 
hold  ftriftly  tnie.  And  if  it  were,  the  effedt  might  be 
otherwife  accounted  for,  and  more  fatisfadlorily,  than 
from  their  imagined  central  fire. 

Mr.  Boyle,  who  had  been  at  the  bottom  of  fome 
mines  liimfelf,  with  more  probability  fufpedts  that  this 
degree  of  Heat,  at  leafl  in  fome  of  them,  may  arife 
from  the  peculiar  nature  of  the  minerals  there  produ- 
ced. And  he  inftances  a mineral  of  the  vitriolic  kind,, 
dug  up  in  large  quantities,  in  fevcral  parts  of  England, 
which,  by  the  bare  efTufion  of  common  water,  will  grow 
fo  hot  as  almofl  to  take  fire.  To  which  may  be  add- 
ed, that  fuch  places,  in  the  bow'cls  of  the  earth,  ufually 
feel  hot,  from  the  confined  and  flagnaut  ftate  of  the 
air  in  them,  in  which  the  heat  is  retained,  through 
the  want  of  a current  or  change  of  air  to  carry  the 
Heat  off. 

On  the  other  hand,  on  afcending-lnVli  mountains,  the 
air  grows  more  and  more  cold  and  piercing.  Thus, 
the  tops  of  the  Pike  of  Teneriffe,  the  Alps,  and  feveral 
other  mountains,  even  in  the  mofl.  fultry  countries,  are 
found  always  invefted  withfnow  and  ice,  which  the  Heat 
is  never  fufficient  to  thaw.  In  fome  of  the  mountains 
of  Peru  there  is  no  fuch  thing  as  running  water,  but 
all  ice  : plants  vegetate  a little  about  the  bottom  of  the 
mountains,  but  near  the  top  no  vegetable  can  live,  for 
the  intenfenefs  of  the  cold.  This  effed  is  attributed  to 


the  thinnefs  of  the  air,  and  the  little  furface  of  the 
earth  there  is  to  refledl  the  rays,  as  well  as  the  great 
diilance  of  the  general  furface  of  the  earth  which  re- 
fledls  the  rays  back  into  the  atmofphere. 

As  to  the  diverfity  in  the  Heat  of  different  climes 
and  feafons,  it  arifes  from  the  different  angles  under 
which  the  fun’s  rays  flrike  upon  the  furface  of  the 
earth.  In  the  Philof.  Tranf.  Abr.  vol.  2,  p.  165,  Dr. 
Halley  has  given  a computation  of  this  Heat,  on  the 
principle,  that  the  fimple  action  of  the  fun’s  rays,  like 
other  impulfes  or  flrokes,  is  more  or  lefs  forcible,  ac- 
cording to  the  fines  of  the  angles  of  incidence,  or  to 
the  fines  of  the  fun’s  altitudes,  at  different  times  or 
places. 

Plence  It  follows,  that,  the  time  of  continuance,  or 
the  fun’s  fhining  on  any  place,  being  taken  for  a bafis, 
and  the  fines  of  the  fun’s  altitudes  perpendicularly  erec- 
ted upon  it,  and  a curve  line  drawn  through  the  extremi- 
ties of  thofe  perpendiculars,  the  area  thus  comprehend- 
ed will  be  proportional  to  the  colledtion  of  all  the  Heat 
of  the  fun’s  beams  in  that  fpace  of  time. 

Hence  it  will  likcwife  follov/,  that  at  the  pole,  the 
colledtion  of  all  the  Heat  of  a tropical  day,  is  propor- 
tional to  the  redtangle  or  produdt  of  the  fine  of  23^  de- 
grees into  2q  hours,  or  the  circumference  of  a circle,  or 
as  into  12  hours,  the  fine  of  23^  degrees  being 
nearly  of  radius.  Or  the  polar  Heat  will  be  equal 
to  that  of  the  fun  continuing  12  hours  above  the  hori- 
zon at  53  degrees  height;  and  the  fun  is  not  5 hours 
more  elevated  than  this  under  the  equinodtial. 

But  as  it  is  the  nature  of  Heat  to  remain  in  the 
fubjedl,  after  the  luminary  is  removed,  and  particularly 
in  the  air,  undsir  the  equinodlial  the  12  hours  abfence 
of  the  fun  abates  but  little  from  the  eft'cdl  of  his  Heat 
in  the  day  ; but  under  the  pole,  the  long  abfence  of 
the  fun  for  6 months  has  fo  chilled  the  air,  that  it  is  in 
a manner  frozen,  and  after  the  fun  has  rifen  upon  the 
pole  again,  it  is  long  before  his  beams  can  make  any 
impreifion,  being  obltrudled  by  thick  clouds  and  fogs. 

From  the  foregoing  principle  Dr.  Halley  computes  ' 
the  following  table,  cxliibiting  the  Heat  to  every  10th 
degree  of  latitude,  for  the  equinodtial  and  tropical  fun, 
and  from  wlilch  an  eftimate  may  eafily  be  made  for. 
the  intermediate  degrees. 


Lat.  1 

Sign  that  the  Sun 

is  in. 

T or 

- €3 

0 

20000 

18341 

18341 

10 

1 9696 

20290 

H'b34 

20 

1S794 

^1737 

13166 

17321 

2265  I 

10124 

■ 40 

15321. 

23048 

6944 

50 

12835 

22991 

379* 

60 

lOOCO 

22773 

1073 

70 

6840 

23543 

0 

80 

3473 

24^73 

0 

90 

0 

23053 

0 

From  the  fame  principles,  and  table,  alTo  arc  deduced, 
the  following  corollaries,  viz, 

i,  That^ 


15  E A 


H E A 


[ 59 

I,  That  the  equatorial  Heat,  when  the  fun  becomes 
vertical,  is  as  twice  the  fquare  of  the  ’/adius. — 2,  That 
at  the  equator  the  Heat  is  as  the  fine  of  the  lun’s 
declination. — 3,  That  in  the  frigid  zones,  when  the  fun 
fets  not,  the  Heat  is  as  the  circumference  of  a circle  in- 
to the  fine  of  the  altitude  at  6 : And  confequently 
that  in  the  fame  latitude.,,'there  aggregates  of  Heat  are 
as  the  fines  of  the  fun’s  declination  ; and  at  the  fame 
declination  of  the  fun,  they  are  as  the  fines  of  the  lati- 
tudes ; and  generally  tliey  are  as  the  fines  of  the  la- 
titudes into  the  fines  of  declination. — 4,  That  the 
equatorial  day’s  Heat  is  everywhere  as  the  cofine  of 
the  latitude. — 5,  In  all  places  where  the  iun  fets, 
the  difference  between  the  iiimmer  and  winter  Heats, 
when  the  declinations  are  contraiy,  is  equal  to  a circle 
into  the  fine  of  the  altitude  at  6,  in  the  fummer  pa- 
rallel ; and  confequently  thofe  differences  are  as  the 
rectangles  of  the  fines  of  the  latitude  and  declination. 
— 6,  The  tropical  fun  has  the  lead  force  of  any  at  the 
equator  ; and  . at  the  pole  it  is  greatefl  of  all. 

Many  objections  have  been  urged  againft  this  theory 
©F  Dr.  Halley.  Some  have  objeCted,  that  the  effeCt  of 
the  fun’s  Heat  is  not  in  the  fimple,  but  in  the  duplicate 
ratio  of  the  fines  of  the  angles  of  incidence  ; like  the 
law  of  the  impulfe  of  fluids.  And  indeed,  the  quantity 
of  the  fun’s  direCt  rays  received  at  any  place,  being 
evidently  as, the  fine  of  the  angle  of  incidence,  or  of  the 
fun’s  altitude,  the  Heat  be  alfo  proportional  to  the 
force  with  which  a ray  ftrikes,  like  the  mechanical  ac- 
tion or  impulfe  of  any  body,  then  it  will  follow  that  the 
Heat  mufl:  be  in  the  compound  ratio  of  both,  that  is, 
as  the  fquare  of  the  fine  of  the  fun’s  altitude.  But  this 
laft  principle  is  here  only  aflumed  gratis,  as  we  do  not 
know  a priori  that  the  Heat  is  proportional  to  the 
force  of  a driking  body  ; and  it  is  only  experiment  that 
qan  determine  this  point. 

It  is  certain  that  Heat  communicated  by  the  fun  to 
bodies  on  the  eanh,  depends  alfo  much  upon  other  clr- 
cumdances  befide  the  direCt  force  of  his  rays.  Thefe  mud 
be  modified  by  our  atmofphcre,  and  varioufly  refleCled 
and  combined  by  the  aCtion  of  the  earth’s  furface  itfelf, 
to  produce  any  remarkable  effeCIs  of  Heat.  So  that  if  it 
were  not  for  thefe|additional  circumdances,  it  is  probable 
the  naked  Heat  of  the  fun  would  not  be  very  fen  Able. 

Dr.  Halley  himfelf  was  wellapprifed,  that  many  other 
circumdances,  befides  the  direCt  force  of  the  fun’s 
rays,  contributed  to  augment  or  dlminidi  the  edbdf  of 
this,  and  the  Heat  refulting  from  it,  in  diflerent  cli- 
mates ; and  therefore  no  calculation,  formed  on  the 
preceding  theory,  can  be  fuppofed  to  correfpond  exa6lly 
with  obfervation  and  experiment.  It  has  alfo  been 
cbje<5ted  that,  according  to  the  foregoing  theory,  the 
greated  Heat  in  the  fame  place  Ihouldbeat  the  fummer 
foldice,  and  the  mod  extreme  cold  at  the  winter  foldice; 
w'hich  is  contrary  to  experience.  To  this  objeHion  it 
may  be  replied,  that  Heat  is  not  produced  in  bodies 
by  the  fun  indantaneoufly,  nor  do  the  effedts  of  his 
Heat  ceafe  immediately  when  his  rays  are  withdrawn  ; 
and  therefore  thofe  parts  which  are  once  heated,  retain 
the  Heat  for  fome  time  ; which,  with  the  additional 
Heat  daily  imparted,  makes  it  continue  to  increafe, 
though  the  fun  declines  from  us  ; and  this  is  the  rea- 
fdn  why  July  is  hotter  than  June,  although  the  fun  has 
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withdrawn  from  the  fummer  tropic:  as  we  alfo  find  it 
is  generally  hotter  at  one,  two,  or  three  in  the  after- 
noon, when  the  fun  has  declined  towards  the  wed,  than 
at  noon,  when  he  is  on  the  meridian.  As  long  as 
the  heating  particles,  which  are  coiidantly  received, 
are  more  numerous  than  thofe  which  fly  away  or  lofe 
their  force,  the  Heat  of  bodies  mud  continually  in- 
creafe. So,  after  the  fun  has  left  the  tropic,  the  num- 
ber of  particles,  which  Heat  our  atmofphcre  and  earth, 
eondantly  increafes,  becaufe  we  receive  more  in  the 
day  than  we  loie  at  night,  and  therefore  our  Heat  mud 
alfo  increafe.  But  as  the  days  decreafe  again,  and  the 
adlion  of  the  fuu  becomes  weaker,  more  particles  will 
fly  off  in  the  night  time  than  are  received  in  the  day, 
by  wliieh  ineans  the  earth  and  air  will  gradually  cool. 
Farther,  thofe  places  which  are  well  cooled,  require 
time  to  be  heated  again  ; and  therefore  January  is 
modiy  colder  than  December,  althougli  the  fun  has 
withdrawn  from  the  winter  tropic,  and  begun  to  emit 
his  ra)  s more  perpendicularly  upon  rs. 

But  the  chief  caufe  of  the  difference  between  the 
Heat  of  fummer  and  winter  is,  that  in  fummer  the  rays 
fall  more  perpendicularly,  and  pafs  through  a lefs  denfe 
part  of  the  atmoiphere  ; and  therefore,  with  greater 
force,  or  at  lead  in  greater  number  in  the  fame  place ; 
and  befides,  by  their  long  continuance,  a much  greater 
degree  of  Heat  is  imparted  by  day  than  can  fly  off 
by  night. 

For  the  calculations  and  opinions  of  feveral  other 
philofophers  on  this  head,  fee  Iveill’s  Adron.  Ledt.  8; 
Fergufon’s  Adron.  chap.  lo;  Long’s  Adron.  § 7771 
M emo,  Acad.  Scienc.  1719. 

As  to  the  temperature  or  Heat  of  our  atmofphere, 
it  may  be  obferved  that  the  mercury  feldom  falls  under 
16°  in  Fahrenheit’s  thermometer;  but  we  are  apt  to 
reckon  it  very  cold  at  24°,  and  it  continues  coldidi  to 
40°  and  a little  above.  However,  fuch  colds  have  been 
often  known  as  bring  it  down  to  c°,  the  beginning  of 
the  fcale,  or  nearly  the  cold  produced  by  a mixture  of 
fnow  and  fait,  often  near  it,  and  in  fome  places  be- 
low it.  Thus,  the  degree  of  the  thermometer  has  been 
obferved  at  various  times  and  places  as  follows : 


Places 

Latit. 

Yeai' 

Thermom 

Penfylvania 

40° 

1732 

5° 

Paris 

48  50 

1 709  Sc  1710 

8 

Leyden 

52  10 

1729 

5 

Utrecht 

52  8 

4 

London 

5^  31 

1700  & 17T0 

0 

Copenhagen 

55  43 

1709 

0 

Upial 

59  56 

1732 

— 1 

Peterfburg 

59  5^ 

— 28 

Torneo 

65  H 

>736-7 

-33 

Hudfoii’s  Bay 

52  24 

‘775 

“37 

The  middle  temperature  of  our  atmofphere  is  about. 
48°,  being  nearly  a medium  of  all  the  feafons.  The 
French  make  it  fomewhat  higher,  reckoning  it  equal 
to  the  cave  of  their  royal  obfervatory,  or  53°.  In  cold 
countries,  the  air  is  found  agreeable  enough  to  the  in- 
habitants while  it  is  between  40  and  50°.  In  our  cli- 
mate we  are  bed  pleafed  with  the  heat  of  the  air  from 
50  to  60°  ; while  in  the  hot  countries  the  air  is  gene 
rally  at  a medium  about  70°.  With  us,  the  air  is  not 

reckoned 


H E A 


H E L 
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reckoned  warm  till  it  arrives  at  about  64®,  and  it  is 
very  warm  and  fultry  at  8g°.  It  is  to  be  noted  that 
the  foregoing  obfei  vations  arc  to  be  underllood  of  the 
Hate  of  the  air  in  the  lhade  ; for  as  to  the  Heat  of  bo- 
dies afted  upon  by  the  direcl  rays  of  the  fun,  it  is 
much  greater  : thus,  Dr.  Maitine  found  dry  earth 
heated  to  above  120°  ; but  Dr.  Hales  found  a very  hot 
fun-fliine  Heat  in  1727  to  be  about  140°;  and  MulT- 
chenbroek  once  obferved  it  fo  high  as  150°;  but  at 
iMontpelier  the  fun  was  fo  very  hot,  on  one  day  in  the 
year  1705,  as  to  raife  M.  A montons’s  thermometer  to 
the  mark  of  boiling  water  itfelf,  which  is  our  212®. 

It  appears  from  the  regifter  of  the  thermometer  kept 
at  Ijondon  by  Dr.  Heberden  for  9 years,  viz,  from  tlie 
end  of  1763  to  the  end  of  1772,  that  tlie  mean  Heat  at 
8 in  the  morning  was  47^’4  ; and  by  another  regifler 
kept  at  Havvklrill,  near  Edinburgh,  that  tire  mean  Eleat 
in  that  place,  during  the  fame  period  of  time,  was  46°, 
Alfo  by  regiilers  kept  in  London  and  at  Havvkhill,  for 
the  three  years  1772,  1773,  1774>  it  appears,  that  the 
mean  Heat  of  thele  three  years  in  London,  at  8 in  the 
morning,  was  48°*5,and  at  2 in  the  afternoon  56°,  but 
the  mean  of  both  morning  and  afternoon  ^2°' 2 ; while 
the  mean  Heat  at  Havvkhill  for  the  lame  time, 

at  8 in  the  morning  was  45°'4 

and  at  2 in  the  afternoon  50*1 

and  the  mean  of  both  47  *7, 


The  mean  Heat  of  fprings  near  Edinburgh  feems  to 
be  47°,  and  at  London  51°.  Philof.  Tranf.  vol.  65, 
art.  44. 

Lallly,  from  the  meteorological  journals  of  the  Royal 
Society,  publithed  in  the  Philof.-Tranf.  it  appears  that 
the  mean  heights  of  the  thermometer,  for  the  whole 
years,  kept  without  and  within  the  houfe,  are  as  below  : 


Therm.  Without 

For  1775  51-5 

1776  51*1 

1777  51-0 

1778  52-0 


Therm.  Within 
527 
52*9 
53*0 
53*1 


mean  of  all  51*4 


52’9 


HExWEN,  an  azure  traiifparent  orb  invefring  our 
earth,  where  the  celellial  bodies  perform  their  motions. 
It  is  of  divers  denominations,  as  the  highell  or  empy- 
rean Heaven,  the  etherial  or  Harry  Heaven,  the  pla- 
netary Heaven,  See, 

Formerly  tlie  Heavens  were  confidered  as  folid  fub- 
flances,  or  elfe  as  fpaces  full  of  folid  matter  ; but  New- 
ton has  abundantly  fliewn  that  the  Heavens  are  void 
of  almofl  all  rcfiHance,  and  confequently  of  almoll  all 
matter;  this  he  proves  from  the  phenomena  of  the  ce- 
IcHial  bodies  ; from  the  planets  perfiHing  in  their  mo- 
tions, without  any  fenfible diminution  of  their  velocity; 
and  tlie  comets  freely  palfing  in  all  diredions  towards 
all  parts  of  the  Heavens. 

Heaven,  taken  in  this  general  fenfe,  or  the  whole 
expanfe  between  our  earth  and  the  remotell  regions  of 
the  fixed  liars,  may  be  divided  into  two  very  unequal 
parts,  according  to  the  matter  occupying  them  ; viz, 
the  atmofphere  or  aereal  Heaven,  poffeiTed  by  air  ; and 
the  ethereal  Heaven,  pofRHedby  a thiu  and  unreHfting 
medium,  called  ether* 
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Heaven  is  more  particularly  ufed,  in  AHronomy, 
for  an  orb,  or  circular  region,  of  the  ethereal  Heaven. 

The  ancient  allronomers  alfumed  as  many  different 
Heavens  as  they  obferved  different  celellial  motions. 
All  thefe  they  made  folid,  thinking  they  could  not 
otherwife  fuHain  the  bodies  fixed  In  them  ; and  of  a 
fpherical  form,  as  being  the  moll  proper  for  motion. 
Thus  they  had  feven  Heavens  for  the  feven  planets  ; 
viz,  the  Heavens  of  the  Moon,  Mercury,  Venus,  the 
Sun,  Mars,  Jupiter,  and  Saturn.  The  8th  was  for 
the  fixed  liars,  which  they  particularly  called  the  firma- 
ment. Ptolomy  added  a 9th  Heaven,  which  he  called, 
the  primum  mobile.  After  him  two  cryHalline  Hea- 
vens were  added  by  king  Alphonfus,  &c,  to  account 
for  fome  irregularities  In  the  motions  of  the  other  Hea- 
vens. And  laHly  an  empyrean  Heaven  was  drawn  over 
the  whole  for  the  rclidence  of  the  Deity  ; which  made 
the  number  12. 

But  others  admitted  many  otlier  Heavens,  according 
as  their  different  views  and  hypothefes  required.  Eu- 
doxus fuppofed  23,  Calippus  30,  Regiomontanus  33, 
ArlHotle  47,  and  FracaHorno  lefs  than  70. 

The  allronomers  however  did  not  much  concern 
themfelves  whether  the  Heavens  they  thus  allowed, 
were  real  or  not ; provided  they  ferved  a purpofe  In 
accounting  for  any  of  the  celellial  motions,  and  agreed 
with  the  phenomena. 

HEAVINESS,  the  fame  as  Gravity,  which  fee. 

Heavy  bodies  do  not  tend  precifely  to  the  very  cen« 
tre  of  the  earth,  except  at  the  poles,  and  the  equator, 
on  account  of  the  fpheroidal  figure  of  the  earth  ; their 
diredlion  being  every  where  perpendicular  to  the  furfacc 
of  the  fpheroid. 

HEGIRA,  a term  in  Chronology,  fignifying  the 
epoch,  or  account  of  time,  ufed  by  the  Mahomedans, 
who  begin  their  •computation  from  the  day  that  Ma- 
homet was  forced  to  make  his  efcape  from  the  city  of 
Mecca,  which  happened  on  Friday  the  16th  of  July  622. 

The  years  of  the  Hegira  are  lunar  ones,  conliffing 
only  of  374  days.  FIcnee,  to  reduce  thefe  years  to  the 
Jul  ian  calendar,  that  is,  to  find  what  Julian  year  a given 
year  of  the  Hegira  anfwers  to  : reduce  the  year  of  the 
Hegira  into  days,  by  multipiping  by  354,  divide  the 
producl  by  and  to  the  quotient  add  622,  the 

year  the  Hegira  commenced. 

HEIGHT,  the  third  dimenfion  of  a body,  confider- 
ed with  regard  to  its  elevation  above  the  ground. 

Height,  of  a figure,  the  fame  as  its  altitude,  being 
the  perpendicular  fi-om  its  vertex  to  the  bafe. 

Height  of  the  Pole,  See.  See  Altitude  of  the 
Pole,  Sec. 

HELIACAL,  fomething  relating  to  the  fun.  Thus, 

Heliacal  Ri/i?!gy  of  a liar  or  planet,  is  when  It  riles 
with,  or  at  the  fame  time,  as  the  fun.  And  Fleliacal 
fetting,  the  fame  as  the  fetilng  with  the  fun. 

Or,  a liar  rifes  Heliacally,  when,  after  it  has  been 
in  conjundlion  with  the  fun,  and  fo  inviiible,  it  gets  at 
filch  a dillance  from  him  as  to  be  feeri  in  the  morning 
before  the  fun’s  rifing.  And  it  is  faid  to  fet  Heliacally, 
when  it  approaches  fo  near  the  fun  as  to  be  hid  by  his 
beams.  So  that,  in  ftridlnefs,  the  Heliacal  rifing  and 
fetting  are  only  an  apparition  and  occultation, 

HELICE  Ahjor'Siiid  Minor  ; the  fame  as  Urfa  Ma- 
jor and  Minor. 

i' 
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HELICOID  Parabola,  or  the  ParaloVic  Spiral,  is  a 
curve  arifing  from  the  fuppofition  that  the  common  or 
Apollonian  parabola  is  bent  or  twilled,  till  the  axis  come 
into  the  periphery  of  a circle,  the  ordinates  Hill  retain- 
ing their  places  and  perpendicular  pofitions  with  refpedl 
to  the  circle,  all  thefe  lines  hill  remaining  in  the  fame 
plane.  Tlius,  the  axis  of  a parabola  being  bent  into 
the  cirqumference  BCDM,  and  the  ordinates  CF,  DG, 
^^'c,  Hill  perpendicular  to  it,  then  the  parabola  itfelf, 
palling  through  the  extremities  of  the  ordinates,  is 
twilled  into  the  curve  BFG,  3cc,  called  the  Flelicoid,  or 
Parabolic  Spiral. 


Hence  all  the  ordinates  CF,  DG,  &c,  tend  to  the 
centre  of  the  circle,  being  perpendicular  to  the  circum- 
ference 

Alfo,  the  equation  of  the  curve  remains  the  fame  as 
when  it  was  a parabola;  viz,  putting  x z:z  any  circu- 
lar abfcifs  BC,  andy  =;  CF  the  correfponding  ordinate, 
then  12, px  '=■  , where  p is  the  parameter  of  the  para- 

bola. 

HELIOCENTRIC  Place  of  a Planet,  is  the  place 
in  which  a planet  would  appear  to  be  when  viewed  from 
the  fun  ; or  the  point  of  the  ecliptic,  in  which  a planet 
viewed  from  the  fun  would  appear  to  be.  And  there- 
fore the  Heliocentric  place  coincides  with  the  longi- 
tude of  a planet  viewed  from  the  fun. 

Heliocentric  Latitude  of  a Planet,  is  the  inclina- 
tion of  the' line  drawn  between  the  centre  of  the  fun  and 
the  centre  of  a planet,  to  the  plane  of  the  ecliptic.  The 
greateft  Heliocentric  Latitude  is  equal  to  the  inclina- 
tion of  the  planetbs  orbit  to  the  plane  of  the  ecliptic. 

HELIOCOMETES,  Comet  of  the  Sun,  a phe- 
nomenon fometimes  obferved  at  the  fetting  of  the  fun  ; 
thus  denominated  by  Sturmius  and  Pylen,  who  had 
feen  it,  becaufe  it  feems  to  make  a comet  of  the  fun, 
being  a large  tail,  or  column  of  light,  fixed  or  hung  to 
that  luminary,  and  dragging  after  it,  at  its  fetting,  like 
the  tail  of  a comet. 

HELIOMETER,  or  Astrometer;  an  inflrument 
for  meafuring,  with  particular  exadlnefs,  the  diameters 
of  the  fun,  moon,  and  liars. 

Thls|  inftrument  was  invented  by  M.  Bouguer  in 
I747>  and  is  a kind  of  telelcope,  confilling  of  two  ob- 
ject glalTes  of  equal  focal  diilance,  placed  by  the  fide 
of  each  other,  fo  that  the  fame  eye-glafs  lerves  for  both. 
The  tube  of  this  inftrument  is  of  a conical  form,  larger 
at  the  u|)per  end,  which  receives  the  two  objedl-glaftes,. 
than  at  the  lower,  which  is  furnilhed  with  an  eye-glafs 
and  micrometero  By  the  conUrudlion  of  this  inftrument, 
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two  diftindl  images  of  an  objedl  are  formed  in  tlie  focus 
of  the  eye-glafs,  whofe  diftance,  depending  on  that  of 
the  tym  objedt-glaftes  from  one  another,  may  be  mea- 
fured  with  great  accuracy.  Mem.  Acad.  Sci.  1748. 

Mr.  Servington  Savery  difeovered  a fimliar  method 
of  improving  the  micrometer,  which  was  communicated 
to  the  Royal  Society  in  1743. 

HELIOSCOPE,  a kind  of  telefcope  peculiarly 
adapted  for  viewing  and  obferving  the  fun  without 
hurting  the  eye. 

There  are  various  kinds  of  this  inftrument,  ufually 
made  by  employing  coloured  glafs  for  the  objecl  or  eye- 
glafs,  or  both  ; and  fometimes  only  uling  an  eye-glafs 
blacked  by  holding  it  over  the  fmoke  or  flame  of  a 
lamp  or  candle,  which  is  Huygens’s  way.- — See  Dr* 
Hooke’s  treatife  on  Heliofcopes. 

HELIOSTATA,  an  Inftrument  invented  by  Dr. 
Gravefande,  and  fo  called  from  its  property  of  lixing 
the  fun-beam  in  one  pofition,  viz,  in  a horizontal  direc- 
tion acrofs  the  dark  chamber  while  it  is  ufed.  See 
Gravefande’s  Phyfices  Element.  Mathematica,  tom.  2, 
p.  71^  ed.  3tia  1742,  for  an  account  of  the  principles, 
conftrudlion  and  ufe  of  this  inftrument, 

HELISPHERICAL  Line,  is  the  Rhumb-line  in  ' 
Navigation  ; being  fo  called,  becaufe  on  the  globe  it 
wunds  round  the  pole  helically  or  fpirally,  coming  ftiU 
nearer  and  nearer  to  it. 

HELIX,  a Spiral  line.  See  Spiral. 

HEMISPHERE,  the  half  of  a fphere  or  globe, 
when  divided  in  tw^o  by  a plane  palling  through  its 
centre. 

Hemifphere  is  alfo  ufed  for  a map  or  projedfion  of 
half  the  terreftrial  globe,  or  of  half  the  celeftial  fphere, 
on  a plane ; being  more  frequently  called  a plani- 
fphere. 

The  centre  of  gravity  of  a Hemifphere,  is  five-eighthi 
of  the  radius  diftant  from  the  vertex. 

A glafs  Hemifphere  unites  the  parallel  rays  at  the 
diftance  of  four-thirds  of  a diameter  from  the  pole  of 
the  glafs. 

HEMITONE,  in  Muiic,  a half  note. 

HENDECAGON,  a figure  of  eleven  fides,  or  the 
Endecagon  ; w^hich  fee. 

HENIOCHAS,  or  Heniochus,  a northern  conftel- 
lation,  the  fame  as'  Auriga,  which  fee. 

HEPTAGON,  in  Geometry,  a figure  of  feven  fides 
and  feven  angles. — When  thofe  fides  and  angles  are  all 
equal,  the  Heptagon  is  faid  to  be  regular,  otherwufe  it  is 
irregular. 

In  a regular  Heptagon,  the 
angle  Cat  the  centre' is  ^ 5 Pi, 
the  angle  DAB  of  the  poly- 
gon is  = 128°'^,  and  its  half 
CAB  — 64°^.  Alfo  the  area 
is  = the  fquare  of  the  fide 
AB^-  X 3*6339124  or  =: 

AB^  X 4-  t,  where  / is  the  tan- 
gent of  the  angle  CAB  of 
64®  y to  the  radius  i ; or  t is 
the  root  of  the  equation  ; 

-E  143/^  — 245/^  4-  *”  26/“  -p  I = o;  or. 

y/  1 E X 1 -E  M I ^ y 

^ ^ y I — v'  I — 
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'^4iere  tlie  value  of  ►r  and  y are  the  roots  of  the  equations 

— I-  + -|.V^  — ^5  = O, 

"h  IjF"  ~ O. 

See  my  Menfuration,  p.  21,  1 14,  and  1 16,  2d  edition. 

Heptagon, -in  Fortification,  a place  fortified  or 
{Irengthened  with  feven  baftions  for  its  defence. 

Heptagonal  Nu7nbersy  are  a kind  of  polygonal 
numbers  in  which  the  difference  of  the  terms  of  the  cor- 
refponding  aritlimetical  progreflion  is  5.  Thus, 
Arithmeticals,  i,  6,  ii,  16,  21,  26,  &c. 

Fleptagonals,  I,  7,  18,  34,  55,  81,  &e.  , 

where  the  Heptagonals  are  formed  by  adding  continu- 
ally the  terms  of  the  arithmeticals,  above  them,  whofe 
common  difference  is  3. 

One  property,  among  many  others,  of  thefe  Heptago- 
nal numbers  is,  that  if  anyone  of  them  be  multiplied,  by 
40,  and  to  the  produd  add  9,  the  fum  will  be  a fquare 
number. 

1^  Thus  I X 40  + 9 = 49  = 7^  ; 

t and  7 X 40  + 9 = 289  = 17^  ; 

. and  18  X 40  + 9 = 729  = 27^  ; 

and  34  X 40  4-  9 = 1369  = 37“  ; &c. 

Where  it  is  reniarkable  that  the  feries  of  fquares  fo 
formed  is  7®,  17^,  27^,  37^,  (See,  the  common  differ- 
ence of  whofe  roots  is  10,  the  double  of  the  common 
difference  of  the  arithmetical  feiies  from  which  the 
Heptagonals  are  formed.' — See  Polygonals. 

HEPTANGULAR  Fi^ure^  in  Geometry,  is  one 
that  has  feven  angles  ; and  therefore  alfo  feven  fides. 

HERCULES,  in  Affronomy,  a conftellation  of  the 
northern  hemlfphere,  and  one  of  the  48  old  conflella- 
tions  mentioned  by  ancient  writers. 

It  is  not  known  by  what  name  it  was  diflingulfhed 
by  the  Egyptians  and  others  before  the  Greeks.  Thefe 
latter,  perhaps  not  knowing  its  real  name,  firfl  called  it 
fimply  the  kneeling  man,  btfcaufe  he  is  drawn  in  that 
peflure  ; but  they  afterwards  fucceffively  aferibed  it  to, 
and  called  it  by  the  names  of,  Cetheus,  Thefeus,  and 
laffly  Hercules,  which  it  ftill  retains. 

The  Ears  in  this  conllellation,  in  Ptolomy’s  cata- 
logue, are  29  ; in  Tycho’s  28  ; and  in  the  Britannic 
catalogue,  113.  ' 

HERISSON,  in  Fortlfcationl  a beam  armed  with 
iron  fpikes,  having  their  points  turned  outward.  It  is 
fupported  in  the  middle  by  a flake,  having  a pivot  on 
which  it  turns  ; and  ferves  as  a barrier  to  block  up  a 
paffage.  — Heriffons  are  frequently  placed  before  gates, 
efpecially  the  pollerns  of  a town  or  fortrefs,  to  I'ecure 
thofe  paffages  which  mufl  of  necefUty  be  often  opened. 

HERMx\.NN  (James),  a learned  mathematician  of 
the  Academy  of  Berlin,  and  member  of  the  Acade- 
my of  Sciences  at  Paris,  was  born  at  Bafil  in  1678.  lie 
■was  a great  traveller  ; and  for  6 years  was  profeffor  of 
mathematics  at  Padua.  He  afterwards  went  to  Ruffia, 
being  invited  thither  by  the  Czar  in  1724,  as  well  as  his 
compatriot  Daniel  Bernoulli.  On  his  return  to  his  na- 
tive country,  he  was  appointed  profeffor  of  morality  and 
natural  law'  at  Bafil;  w'here  he  died  in  1733,  at  55 
years  of  age. 

He  wrote  feveral  mathematical  and  philofophical 
pieces,  in  the  Memoirs  of  diffeient  Academies,  and  elfe- 
where;  but  his  principal  work,  is  the  Phoronomia^  ortw'o 
Books  on  the  Forces  and  Motions  of  both  Solid  and 
Fluid  bodies ; 4to,  1716:  a very  learned  work  on  the 
new  mathematical  phyfics. 


HERMETIC,  or  Her  METICAL  a name  given 
to  chemiflry,  on  a fuppofition  that  Hermes  Triimcgif- 
tus  was  its  inventor. 

HERMETICAL  Philojophy^  is  that  which  under- 
takes to  folve  and  explain  all  the  phenomena  of  nature, 
from  the  three  chemical  principles,  fait,  fulphur,  and 

mercury. A confiderable  addition  was  made  to  the 

ancient  Hermetical  Philofophy,  by  the  modern  doc- 
trine of  alcali  and  acid. 

He  R METICAL  Sealy  or  IFnnettcnl  Sealing.,  a manner 
of  (lopping  or  clofing  g!afs  veffels,  for  chemical  and  other 
operations,  lo  very  cloiely,  that  no  fubflance  can  pofli- 
bly  exhale  or  efcape.  This  is  ufually  done  by  heating 
the  neck  of  the  veffel  in  the  dame  .of  a lamp,  with  a 
blow'-pipc,  till  it  be  ready  to  melt,  and  then  with  a pair 
of  hot  pincers  twifting  it  dole  together. 

HERSCHEL,  the  name  by  which  the  French,  and 
mofl  other  European  nations,  call  the  new  planet,  dif- 
covered  by  Dr.  Herfchel  in  the  year  1781.  Its  mark  or 
charader  is  The  Italians  call  it  Ouranos,  or  Ura- 
nia, but  the  Englifh,  the  Georgian  Planet ^ which  fee. 

HERSE,  in  Fortification,  a lattice  or  portculllce,  in 
tlie  form  of  a harrow,  befet  with  iron  fpikes,  to  block 
up  a gate  way,  &c. 

HERSILEON,  or  little  Herfc,  in  Fortification,  is  a 
plank  armed  w'ith  iron  fpikes,  for  the  fame  life  as  the 
Herfe,  and  alfo  to  Impede  the  march  of  the  infantry  or 
cavalry. 

HESSE  (William  Prince  of),  rendered  his  name 
immortal  by  his  encouragement  of  learning,  by  his  ftu- 
dies,  and  by  his  obfervatlons,  for  many  years,  of  the  celef- 
tial  bodies.  For  this  purpofe,  he  ereded  an  obfervatory 
at  Caffel,  and  furnifhed  it  with  good  inflruments,  well 
adapted  to  that  delign  ; calling  alfo  to  his  affiftance  two 
eminent  artlfls,  Chriflopher  Rothmann  and  Jufle  Byrge. 
His  obfervations,  w'hich  are  of  a very  curious  nature, 
were  publilhed  at  Leyden,  in  the  year  1618,  by  Wille- 
brord  Snell ; and  are  in  part  mentioned  by  Tycho 
Brahe,  as  well  in  his  epiflles  as  in  the  2d  volume  of  his 
P rogymnafmata  ; a fignal  example  to  all  princely  and 
heroic  minds,  to  undertake  the  promoting  the  arts  of 
peace,  and  advancing  this  truly  noble  and  celeflial 
fcience.  This  prince  died  in  the  year  1597. 

FIETERODROMUS  VeSis,  or  Lever,  in  Me- 
chanics, a lever  in  which  the  fulcrum,  or  point  of  fuf- 
penlion,  is  between  the  weight  and  the  pow'er  ; being 
the  fame  as  what  is  othervvile  called  a lever  of  the  firm 
kind. 

HETEROGENEAL,  the  fame  as  FIeteroge- 

NEOUs;  which  fee. 

HETEROGENEOUS,  literally  imports  things  of 
different  natures,  or  fomethlng  that  confifls  of  parts  of 
different  or  diffimilar  kinds  ; in  oppofition  to  Homo- 
geneous. Thus, 

Heterogeneous  Bodies,  are  fuch  as  have  their  parti 
of  unequal  dcnfity. 

Heterogeneous  Line,  is  that  which  confifls  of 
parts  or  rays  of  different  refrangibillty,  reflexibility,  and 
colour. 

Heterogeneous  Numbers,  are  mixed  numbers, 
confifling  of  integers  and  fra6lions. 

Heterogeneous  Particles,  are  fuch  as  arc  of  dif- 
ferent kinds,  natures,  and  qualities  ; of  which  generally 
all  bodies  confifl. 

Heterogeneous  ^arititus,  in  Mathematics,  are 
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thofe  which  cannot  have  proportion,  or  be  compared  to- 
gether as  to  greater  and  lefs  ; being  of  fuch  different 
kind  and  confideration,  as  that  one  of  them  taken  any 
number  of  times,  never  equals  or  exrceeds  the  other.  As 
lines,  furfaces,  and  folids  in  geometry. 

Heterogeneous  Surdi,  are  fuch  as  have  different 
radical  fi gns  ; as  and  4/^^  ; or  j^io  and  1/  20. 

HETEROSCII,  in  Geography,  are  fuch  inhabitants 
of  the  earth  as  have  their  fhadows  at  noon  projefted  al- 
ways the  fame  way  with  regard  to  themfelves,  or  always 
contrary  ways  with  refpect  to  eacli  other.  Thus,  all 
‘the  inhabitants  without  the  torrid  7,one  are  Heterofeii, 
with  regard  to  themfelves,  fince  any  one  fuch  inhabitant 
■has  his  fliadow  at  noon  always  the  fame  wi\y,  viz,  always 
north  of  him  in  north  latitude,  and  always  fouth  of  him 
in  fouth  latitude  ; or  thefe  two  fituations  are  Pleterolcii 
to  each  other,  having  fuch  fhadows  projected  contrary 
ways  at  all  times  of  the  year. 

HEVELIUS  (John),  a very  celebrated  aflrono- 
mer,  and  a burgomafler  of  Dantzick,  was  born  in  tiiat 
.city  in  1611.  He  ffudied  mathematics  under  Peter 
Criiger,  in  which  he  made  a wonderful  progrefs.  He 
afterwards  fpent  feveral  years  on  his  travels  througli  Hol- 
land, England,  Germany,  and  France,  for  his  improve- 
ment in  the  fciences.  Onhis  return,  he  eonlcrudfed  ex- 
cellent telefcopes  himfelf,  and  began  diligently  to  ob- 
ferve  the  heavens,  an  employment  he  clofely  followed 
during  the  courfe  of  a long  life,  which  was  terminated 
•only  In  168  7,  at  76  years  of  age.  Ilevelius  was  author  of 
feveral  notable  difcoverles  in  the  heavens.  He  was  the 
flrfl  that  obferved  the  phenomenon  called  the  llbratidn 
of  the  moon,  and  made  feveral  other  important  obferva- 
tions  on  the  other  planets.  He  alfo  difeovered  feveral 
fixed  flars,  which  he  named  the  jirmament  cf  Soh'iejki^  In 
honour  of  John  the  3d,  king-of  Poland.  He  framed  a 
large  catalogue  of  the  fiars,  and  colledfed  multitudes  of 
the  unformed  ones  Into  new  conflellations  of  his  own 
framing.  His  wife  was  alfo  well  flcllled  in  aftronomy, 
and  made  a part  of  the  obfervations  that  were  publiflmd 
by  her  hufhand.  His  principal  publications  are,  his 
Selenographia^  or  an  exaft  defeription  of  the  moon  ; in 
which  he  has  engraved  all  her  phafes,  and  remarkable 
parts,  dlflinguifhed  by  names,  and  afeertained  their  re- 
fpeHive  bounds  by  the  help  of  telefcopes;  containing 
alfo  a delineation  of  the  feveral  vifible  fpots,  with  tho 
various  motions,  changes,  and  appearances,  difeovered 
by  the  tekfeope,  as  alioHn  the  fun  and  other  planets, 

1647. In  1654,  two  epiftles  ; one  to  the  celebrated 

aftronomcr  Riccioli,  coneerning  the  Eibration  of  the 
Moon  ; and  the  other  to  Bulliald,  on  the  Eclipfes  of 
both  luminaries, -—Ih  i'656,  a.  Differ tation  DeNatura 
Saturnl  faciei^  SF’r,— In  1668,  his  Cometogrophiay  repre- 
lenting  the  whole  nature  of  comets,  their  fituation,  pa- 
rallaxes, diftances,  diverfe  appearances,  and  furprifing. 
motions,  with  a hiftory  of  all  the  comets  from  the  be- 
ginning of  the  world  down  to  the  prefent  time ; being.- 
enriched' with  curious  fculpture  of  his  ow.n>  execution  ; 
to  which  he  added. a treatife  on,  the  planet  Mercury;,, 
feen  in  the  fun  at  Dantzick,  May  3,  1661  ; with  the- 
hiftory  of  a new  ftan  appearing  in  the  neck  of  Cetus,  and 
another  in  the  beak  of  Qygmis  ; befides  an.llluftration. 
offome,  aft-roaomicaLdifeoveries  of  the  late  Mr.  Horrox,^ 
in  his  treatife  on  Menus  feen. in  the  fun,  Nov.  24, 1639  y 
with  a difeourfe  of  fome  curious  Parafekna  and  Parhelia 
ebferved  at  Dantzick*.  He  fent  copies  of  this  work  to, 


feveral  members  of  the  Royal  Society  at  London,  and 
among  them  to  Mr,  Hooke,  in  return  for  which,  this 
gentleman  fent  to  Hevelius  adefeription  of  the  Dioptric 
Tekfeope,  wnth  an  account  of  the  manner  of  ufing  it; 
and  recommending  it  to  him,  as  much  preferable  to  te- 
kfeopes  with  plain  fights.  This  gave  rife  to  a difputc 
between  them,  viz,  ‘^whether  diftances  and  altitudes , 
could  be  taken  with  plain  fights  any  nearer  than  to  a 
minute.”  Hooke  afferted  that  they  could  not  ; but 
that,  with  an  inftrument  of  a (pan  radius,  by  the  help 
of  a tekfeope,  they  might  be  determined  to  the  exaft- 
nefs  of  a fecond.  Plevelius,  on  the  other  hand,  infifted 
that,  by  the  advantage  of  a good  eye  and  long  praflice, 
he  was  able  with  his  Inftruments  to  come  up  even  to 
that  exact nefs  ; and,  appealing  to  experience  and  fadls, 
fent  by  w'ay  of  challenge  8 diftances,  each  between  two 
different  flars,  to  be  examined  by  Hooke.  Thus  the 
afhiir  re  fled  for  fome  time  with  outward  decency,  but 
not  without  fome  inward  grudge  between  the  parties. 

In  1673,  Hevelius  publilhed  the  firft  part  of  his 
Mnchina  as  a fpecimen  of  the  exaHnefs  both  of 

his  inftruments  and  obfervations;  and  fent  feveral  copie^s. 
as  prefents  to  his  friends  in  England,  but  omitting  Mr. 
Hooke.  This,  it  is  fuppofed,  occafioned  that  gentle- 
man to  print,  in  1 674,  AnhnadHjerfiGns  on  the  Fuji  Part  of 
the  M'achhm  Ccehfiis  ; in  which  he  treated  Hevelius  with 
a very  maglfterial  air,  and  threw  out  feveral  unhand- 
forne  refteefions,  which  were  greatly  refented  ; and  the 
difpiite  grew  afte wards  to  fuch  a height,  and  became, 
fo  notorious,  that  in  1679  Dr.  Halley  went,  at  the  re- 
queft  of-  the  Royal  Society,  to  examine  both  the  in- 
ftruments and  the  obfervations  made  with  them.  Of' 
both  thefe,  Halley  gave  a favourable  account,  in  a 
letter  to  Plevelius  ; and  Hooke  managed  the  contro- 
verfy  fo  ill,  that  he  was  univerfally  condemned,  though 
the  preference  has  fince  been  given  to  tekfcopic  fights.. 
How^ever,  Hevelius  could  not  be  prevailed  on  to  make 
life  of  them  : whether  Ire  thought  himfelf  too  expe- 
rienced to  be  informed  by  a young  aftronomer,  as  he 
confidered  Hooke ; or  whether,  having  made  fo  many 
obfervations  with  plain  fights,  he  was  unwilling  to  alter 
his  method,  left  he  might  bring  their  exatlnefs  into^. 
queftlon  ; or  whether,  being;  by  kng  pradftice  accuf- 
tomed  to  the  ule  of  them,  and  not  thoroughly  appre- 
hending the  life  of  the  otl'ier,  nor  well' underftanding  the 
difference,  is  uncertain.  Befides  Halley’s  letter,  He- 
velius received  many  others  in  his  favour,  which  he  took 
the  opportunity  of  'inferting  among  the  aftronomical 
obfervations  in  lii$  Annus  CUnmAericus^  printed  1111685.. 
In  a long  preface  to  this  work,  he  fpeaks  with  more 
confidence  and  greater  indignation  than  he  had  done 
before,  and  particularly  exclaimed  againft  Hooke’s 
dogmatical  and  maglfterial  manner  of  affuming  a kind 
of  didfatorftiip  over  him.  This  revived  the  conteft,  and‘ 
occafioned  feveral  learned  men  to  engage  in  it.  PTe 
book  itfelf  being  fent  to  the  Royal  Society,  at  tliek 
requeft  an  account  of  it  was  given  by  Dr.  Wallis  ; who, 
among  other  things,  took  notice,  that  “ Hevelius’s 
obfervations  had  beep  mifreprefented,  fipce  it- appeared 
from  this  book,  that  he  could  diftinguifh  by  plain  fights  - 
to  a fm  all 'part  of  a minute,”'  About  the  fame  time 
Mr.  Molyneux  alf@  wrote  a letter  to  the  fociety,  iil  vin- 
dication of  Hevelius,  againft  Hooke’s  animadverfions... 
P’0  all  which,  Hooke  drew  up  a letter  in  anfwer,  whklr 
was  read  before  the  fociety,  containing  many  qualifyii^g. 


H I E 


H J G 


r 597  ] 


an  J "accommodating  expreffions,  but  ftill  at  leaft  ex- 
preffing  tHc  fuperiority  of  telefcopic  fights  over  plain 
ones,  excellent  as  the  obferv'ations  were  that  had  been 
made  with  tliefe. 

Ill  1679,  Hevelius  had  publlflied  the  fecond  part  of 
his  Machhia  Ca-IeJHs  ; but  the  fame  year,  while  he  was 
at  a feat  in  the  country,  he  had  the  misfortune  to  have 
Iiis  houfe  at  Dantzic  burnt  down.  By  this  calam.ity  it 
IS  faid  he  fiidained  feveral  tlioufand  pounds  damage  ; 
having  not  only  his  obfervatory  and  all  his  valuable  in- 
ftrumcntsand  afcrunomical  apparatus  deftroyed,  but  al- 
fo  a great  many  copies  of  his  Machhia  Cocleljis,  an  acci- 
dent which  has  m.ade  this  fecond  part  very  icarce,  and 
confequently  very  dear. 

In  1690,  were  publiilied  a defcription  of  the  hea- 
vens, called,  Firmarnentum  Sohiefclanum,  in.  honour  of 
John  the  3d,  king  of  Poland,  as  above  mentioned  ;■  and! 
alfo  Prodromus  Aftronom  'io'^,  lA P alula  Solares,  una 
cum  Catalogo  F'lxarum  ; in  which  he  lays  down  the  ne- 
celTary  preliminaries  fur  taking  an  exadl  catalogue  of 
tlie  Ibars. 

But  both  thefe  w'orks  w’ere  pofthumous  ; for  Heve- 
lius died  the  28th  of  January  1687,  exactly  76  years  of 
age,  as  above  faid,  and  univerfally  admired  and  re- 
fpeCled  ; abundant  evidence  of  which  appears  in  a col- 
ledlion  of  letteis  between  him  and  many  other  perfons, 
that  was  printed  at  Dantzic  in  1683. 

HEXACHORD,  a certain  interval  or  mufical  con- 
cord, ufually  called  a fixth. 

EIEXAliDRON,  or  Hexahedron,  one  of  the 
five  regular  or  Platonic  bodies  ; being  indeed  the  fame 
as  the  cube  ; and  is  fo  called  from  its  having  6 faces. — 
The  fquare  of  the  fide  or  edge  of  a Hexahedron,  is  one- 
third  of  the  fquare  of  the  diameter  of  the  circumferib- 
ing  fphere  : and  hence  the  diameter  of  a iphere  is  to 
the  fide  of  its  inferibed  Hexahedron,  as  >^3  to  i. 

In  general,  if  A,  B,  and  C be  put  to  denote  re- 
fpedtively  the  linear  fide,  the  furface,  and  the  folidity  of 
a Hexahedron  or  cube,  alfo  r the  radius  of  the  in- 
feribed fphere,  and  R the  radius  of  the  circum- 
feribed  one  ; then  we  have  thefe  general  equations  or 
relations  : 

1.  A = 2r  = |R\/3  = = VC. 

2.  B = 24r=^  = 8R^  = 6A^-  = 6-VC^ 

3.  C = 8r2  = = A3  3=  JBv'JB. 

4.  R = rVs  = IAv'3  - -^V4B~Jv/3X  VC. 

5.  r =1RV3=|A  =IVJB--iVC. 

HEXAGON,  in  Geometry,  a figure  of  fix  fides, 

and  confequently  of  as  many  angles.  When  thefe  are 
equal,  it  is  a regular  Hv^xagon. — The  angles  of  a Hexa- 
gon are  each  equal  to  120°,  and  its  fides  are  each  equal 
to  the  radius  of  its  circumferibing  circle.  Hence  a re- 
gular Hexagon  is  inferibed  in  a circle,  by  fetting  the 
radius  off  6 times  upon  the  peripherjx  And  hence  al- 
fo, to  deferibe  a regular  Hexagon  upon  a given  line, 
deferibe  an  equilateral  triangle  upon  it,  the  vertex  of 
which  will  be  the  centre  of  the  circumicribing  circle. 

The  fide  of-a  Hexagon  being  s,  its  area  will  be  == 
2*5980762^  ~ X tang.  60°  =:  W.B 

HEXASTYLE,  in  the  Ancient  Architedlure,  a 
building  with  6 columns  in  front. 

HIERO’s  Crown,  in  Hydroftatics.  The  hiftory 
of  this  crown,-  and  of  the  importairt  hydroftatical  pro- 
pofition  wdiich  it  gave  occafion  to,  is  as  follows ; Eliero, 


king  of  S}Tacufe,  having  furniflied  a workman  with  a 
quantity  ot  gold  for  making  a crown,  fufpedted  that  he 
had  been  cheated,  by  the  workman  ufing  a greater  a.1- 
loy  of  filver  than  w^as  jrecefTary  in  making  it ; and  he- 
applied  to  Archimedes  to  difeover  the  fraud,  without 
defacing  the  crown. 

T1  iis  celebrated  mathematician  was  led  by  chance  to 
a method  of  detefting  the  impofture,  and  of  determin- 
ing  precifely  the  quantities  of  gold  and  filver  compofing 
the  crown  : for  he  ohlcrved,  wdien  bathing  in  a tub  of 
water,  that  the  water  ran  over  as  his  body  entered  it, 
and  he  prefently  concluded  that  the  quantity  fo  running 
over  was  equal  to  the  bulk  of  his  body  that  was  im- 
merfed.  He  was  fo  pleafed  with  the  diTcovery,  that  it 
is  laid  he  ran  about  naked  crying  out,  tvf/iKu, 

I have  found  \i ; and  fome  affirm  that  he  ofiered  a heta- 
comb  to  Jupiter  for  having  infpired  him  with  the 
thought. 

On  this  principle  he  procured  a ball  or  mafs  of  gold,, 
and  another  of  filver,  exadlly  of  the  fame  weight  with 
the  cicwn ; confidering,  that,  if  the  crown  were  of  pure 
gold,  it  would  be  of  equal  bulk  and  expel  an  equal 
quantity  of  water  as  the  golden  ball,;  and  if  it  w'ere  of 
filver,  then  it  would  be  of  equal  bulk  and  expel  an 
equal  quantity  of  water  with  the  ball  of 'filver'  but  of 
intermediate  quantity,  if  it  confifled  of  a mixture  of  the 
two,  gold  and  filva' ; which,  upon  trial,  he  found  to 
be  the  cafe  ; and  hence,  by  a comparifon  of  the  quanti- 
ties of  water  difplaced  by  tltc  three  maffes,  he  difeover- 
ed  the  exaOt  portions  of  gold  and  filver  in  the  crown. 

Now,  fuppofe,  for  example,  that  each  of  the  three 
mafles  weighed  100  ounces  ; and  that  on  immerfing 
them  feverally  in  water,  there  w’ere  difplaced  5 ounces 
of  water  by  the  golden  ball,  9 ounces  by  the  filver, 
and  6 ounces  by  the  compound,  or  crowm  ; that  is, 
their  refpeflive  or  comparative  bulks  are  as  5,  9,  and 
6,  the  fum  of  which  is  20. 

Then  the  method  of  operation  is  this ; 

From  9 6 

Take  6 5 

rem.  3 i,  whofe  fum  is  4. - 

Therefore  4 : 100  ; : 3 : 75  oz.  of  gold, 
and  4 : 100  : : i 1.2^  oz.  of  filver. 

That  is,  the  crown  confilled  of  75  ounces  of  gold,  and’ 
25  ounces  of  filver. 

See  Cotes  Hydrof.  Left.  p.  81  ; or  Martin’s  PIuloC 
Britan,  vol.  i,  p.  305,  6cc.  See  alfo  Specific  Gru- 
viiy. 

hllCjll-lPatcr,  that  hate  of  the  tides  when  they 
have  flowed  to  their  greateft  height,  or  have  ceafed 
to  flow  or  rife.  At  High-water  the  motion  commonly 
ceafes  for  a quarter  or  half  an  hour,  before  it  begin  to 
ebb  again.  The  times  of  High-water  of  every  day  of 
the  moon’s  age,  is  ufually  computed  from  that  which  is 
obferved  on  the  day  of  the  full  or  change;  viz,  by 
taking  q-yths  of  the  moon’s,  age  on  any  day  of  the 
montli,  and  adding  it  to  the  time  of  High-water  on 
the  day  of  the  full  or  change ; then  is  the  ium  nearly 
equal  to  the  time  of  High-water  on  the  day  of  the 
month  propofed.  And  as  to  the  times  of  Fligh-watcr, 
on  the  day  of  the  full  and  change  of  the  moon,  at 
many  different  places  ; they  have  been  obferved  as 
they  are  fet  down  in  the  following  table. . 
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I T^ablf.  of  the  Times  of  High-water  on  the  Days  of  the  New  and  Full  Moons  y at  many  djferent  Places. 


Names  of  Places. 

Countries. 

Hig 

h-w. 

Names  of  Places. 

Countries. 

High-w.  ‘ 

Aberdeen 

Scotland 

Oh  A 

Dort 

Flolland 

3h  cm 

Aldboroueh 

England 

9 

45 

Dover 

England 

II  30 

Alderney  I. 

England 

12 

0 

Downs 

England 

I 15 

Amazons  River 

South  America 

6 

0 

Dublin 

Ireland 

9 15 

1 Amfterdam 

Holland 

3 

0 

Dunbar 

Scotland 

2 30 

Amfterdam  I.  of 

South  Seas 

8 

30 

Dundee 

Scotland 

2 15 

1 Andrew’s  St. 

Scotland 

2 

15 

Dungarvan 

Ireland 

4 30 

I Allholt  I. 

Denmark 

0 

0 

Dungenefs 

England 

9 -4! 

I Antwerp 

Flanders 

6 

0 

Dunkirk 

France 

0 0 

1.  Archangel 

Ruflia 

6 

0 

Dunnofe 

1.  of  Wight 

9 45 

Arr-an  I. 

Ireland 

II 

0 

Dulky  Bay 

N.  Zealand 

: 10  57 

Afhley  Riv. 

Carolina 

0 

45 

E after  Ifle 

Chili 

2 0 

Aiiguftine  St. 

Florida 

7 

30 

Edyftone 

E n gli  fl  1 C h a_n  n el 

5 30 

Bajador  Ca. 

Negroland 

0 

0 

Elbe  R. 

Germany 

0 0 

Baltimore 

Ireland 

4 

30 

Embden 

Germany 

0 0 

Barfleur  Ca. 

France 

f 

30 

Eltapies 

France 

II  0 

Bayonne 

hrance 

3 

30 

Falmouth 

England 

5 30 

Beachy-head 

. England 

0 

0 

blam.borough  hi. 

England 

4 0 

N.  and  S.  Bear 

Labradore 

12 

0 

C.  Florida 

Florida 

7 30 

Belfaft 

Ireland 

10 

0 

Flufhing 

Holland 

0 45 

Bellifle 

France 

3 

30 

N.  Foreland 

England 

9 45 

Bermudas  I. 

Bahama  I. 

7 

0 

houlnels 

England 

6 45 

Berwick 

England 

2 

30 

Fowey 

England 

5 15  ■ 

Blackney 

England 

6 

0 

Fayal  111. 

Azores 

2 20 

Blanco  Cap. 

Negroland 

9 

45 

Garonne  R. 

France 

. 3 0 

Blavet 

France 

3 

0 

Gibraltar 

Spain 

0 0 

Bourdeaux 

France 

3 

0 

C.  Good  Hope 

Caffers 

3 0 

Boulogne 

France 

10 

30 

Goree  (Ifle) 

Atlantic  Ocean 

I 30 

Bremen 

Germany 

6 

0 

Granville 

France 

7 0 

Bred: 

France 

3 

45 

Gravelines 

Flanders 

0 0 

Bridlington  B. 

England 

3 

45 

Gravefend 

England 

I 30 

Brill 

Holland 

I 

30 

Groin 

Spain 

3 3 

Briftol 

England 

6 

45 

Guernfey  I. 

Englifli  Channel 

I 30 

Buchanefs 

Scotland 

3 

0 

Hague 

Holland 

8 15 

Button’s  Ifles 

New  Brit, 

6 

50 

Halifax 

Nova  Scotia 

7 30 

Cadiz 

Spain 

4 

30 

Hamburgh 

Germany 

6 0 

Caen 

France 

9 

0 

Hare  Ifle 

Canada 

3 30 

Calais 

France 

1 1 

30 

Harlem 

Holland 

9 0 

Canaria  I.’ 

Canaries 

3 

0 

Hartlepool 

England 

3 0 

C.  Cantin 

Barbary 

0 

0 

Harwich 

England 

II  15 

Cape  Town 

Caffers 

2 

30 

Havre  de  Grace 

France 

9 c) 

Calleets 

Guernfey 

8 

15 

Holy  Head 

W ales 

I 30 

Cathnefs  Po. 

Scotland 

9 

0 

Honfleur 

France 

9 0 

Charles  Town 

Carolina 

3 

0 

FIull 

England 

6 0 

Charlotte’s  S. 

New  Zealand 

9 

0 

Plumber  R. 

England 

5 13 

Clierbourg 

France 

7 

30 

St.  John’s 

Newfoundland 

6 0 

Churchill  R, 

Fliidfon’s  Bay 

•7 

20 

St.  Julian  (Port) 

Patagonia 

4 45 

Ca.  Cleare 

Ireland 

4 

30 

Kentifhnock 

Englifli  coaft 

0 0 

Concarneau 

France 

3 

0 

Kinfale 

Ireland 

5 15 

Conquet 

France 

2 

15 

Land’s  End 

England 

7 30 

Coquet  Ifle 

England 

3 

0 

Leith 

Scotland 

4 30 

Corke 

Ireland 

6 

30 

Leoftoff 

England 

9 45 

C.  Corfe 

Guinea 

3 

30 

In’fbon 

Portugal 

2 15 

Cromer 

Eno'land 

7 

0 

Liverpool 

England 

1 1 15 

Dartmouth 

England 

6 

30 

Lizard 

England 

7 30 

St.  David’s  H. 

Wales  1 

6 

0 

Loire  (Riv.) 

France 

3 0 

Dieppe 

France  I 

10 

30 

London 

England 

3 0 
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Names  of  Fi  cci. 

• 

Countries. 

High-w. 

Names  of  Places. 

Countries. 

High-w. 

Lundy  (Ide) 

England 

5 

h 1 5 m 

Sandwuch 

England 

I Ih  30m 

Madeira 

Ati.  Ocean 

12 

4 

Scarborough  H. 

Enp-land 

3 

45 

St.  Maloes 

France 

6 

0 

Scilly  Ifles 

England 

3 

45 

Ifle  of  Man 

England 

9 

0 

Senegal 

Negroland 

10 

30 

Margate 

England 

1 1 

15 

Severn,  (Mouth.) 

England 

6 

0 

St.  Mary’s  (Ide) 

Scilly  Ides 

3 

45 

Sheernefs 

England 

0 

0 

Milford 

VVales 

5 

15 

Sierra  Leona 

Guinea 

8 

15 

Mount’s  Bay 

England 

4 

30 

Shetland  I. 

Scotland 

3 

0 

Nantes 

France 

3 

0 

Ide  of  Sky 

Scotland 

5 

30 

Naze 

Norway 

1 1 

15 

Spurn 

England 

5 

15 

Needles 

England 

10 

Start  Point 

England 

6 

45 

Newcadle 

England 

3 

15 

Stockton 

England 

5 

Nieuport 

Flanders 

12 

0 

Sunderland 

England 

3 

20 

No  re 

England 

0 

0 

Tanna 

Pacific  Ocean 

3 

0 

North  Cape 

Lapland 

3 

0 

Tenerid" 

Canaries 

3 

0 

Orfordnefs 

England 

9 

45 

'L'exel  (Ifle) 

Holland 

7 

30 

Orkneys 

Scotland 

3 

0 

Thames  Mouth 

England 

I 

30 

Odend 

Flanders 

12 

0 

Tinmouth 

England 

3 

0 

Placentia 

Newfoundland 

9 

0 

Torbay 

England 

0 

15 

Plymiouth 

England 

6 

0 

St.  Valery 

France 

10 

3® 

Portland 

England 

8 

15 

Vannes 

France 

3 

45 

Porto  Praya 

Cape  Verdes 

1 1 

0 

Ulhant 

France 

4 

30 

Portfmouth 

England 

1 1 

15 

Waterford 

Ireland 

6 

30 

Quebec 

Canada 

7 

30 

Wells 

England 

6 

0 

Rhee  (Ifle) 

France 

3 

0 

\V  eymouth 

England 

7 

20 

Refolution  (Bay) 

Ohitahoo 

2 

30 

Whitby 

England 

3 

0 

Robin  Hood’s  B. 

England 

3 

0 

Ifle  of  Wight 

England 

0 

0 

Rochefort 

France 

4 

Winchelfea 

England 

0 

45 

Rochelle 

France 

3 

45 

Wintertonefs 

England 

9 

0 

Rocheder 

England 

0 

45 

Yarmouth 

England 

9 

45 

Rotterdam 

Holland 

3 

0 

New  York 

America 

3 

0 

Rouen 

France 

I 

15 

Youghall 

Ireland 

4 

30 

Rye 

England 

1 1 

15 

Zuric  Sea 

Holland 

3 

0 

HIPSy  in  i\rchite»^ure,  are  thofe  pieces  of  timber 
placed  at  the  corners  of  a roof.  Thefe  are  much  longer 
than  the  rafters,  becaufe  of  their  oblioue  pofition. 

H IP  means  alfo  the  angle  formed  by  two  parts  of  the 
roof,  when  it  rifes  outwards. 

Hit-RooJ\  called  alfo  Italian  Roof,  is  one  in  which 
two  parts  of  the  roof  meet  in  an  angle,  rifing  out- 
wards ; the  fame  angle  being  called  a valley  when  it 
finks  inwards. 

HIPPARCPIUS,  a celebrated  aftronomer  among 
the  ancients,  was  born  at  Nice  in  Bithynia,  and  flou- 
riflied  between  the  154th  and  the  163d  olympiads; 
that  is,  between  60  and  135  years  before  Chriit  ; for 
in  this  fpace  of  time  it  is  that  his  obfcrvations  are 
dated.  He  is  accounted  the  wlio  from  vague 

and  fcattered  obfcrvations,  reduced  allronomy  into  a 
fcience,  and  profecuted  the  lludy  of  it  fyftematically. 
Pliny  often  mentions  him,  and  always  with  great  com- 
mendation. He  was  the  fird,  he  tells  us,  who  at- 
tem.pted  to  count  the  nun  her  of  the  fixed  dars  ; and 
his  catalogue  is  preferved  in  Ptolomy’s  Alrnaged, 
wherv.  ihey  are  all  noted  according  to  their  longitudes 
and  apparent  magnitudes.  Pliny  places  him  among 
thoi  men  of  a fubiime  genius,  who,  by  foretelling  the 
eclipfes,  taught  mankind,  that  'hey  ought  not  to  be 
frightened  at  tlv-  fe  phenomiCna.  Thales  was  the  fird 
among  ihe  Giecks,  who  could  difeover  when  there  was 
to  be  an  eclipfe.  Sulpitius  Callus  among  the  Romans 


began  to  fucceed  in  this  kind  of  prediftion  ; and  he 
gave  an  eday  of  his  d<ill  very  feafonably,  the  day  be- 
fore a battle  was  fought.  After  tliefe  two,  Hippar- 
chus improved  that  fcience  very  much  ; making  ephe- 
merides,  or  catalogues  of  eclipfes,  for  600  years.  He 
admires  him  for  making  a review  of  ail  the  dars,  ac- 
quainting us  with  their  fituations  and  magnitudes  ; for 
by  thefe  means,  fays  he,  pofterity  will  be  able  to  dii- 
cover,  not  only  whether  they  are  born  and  die,  but 
alfo  wdiether  they  change  their  places,  and  whether 
they  increafe  or  decreafe.  He  mentioned  a new  ftar 
which  was  produced  in  his  da)  s ; and  by  its  motion,  at 
its  fird  appearance,  he  began  to  doubt  whether  this  did 
not  frequently  happen,  and  wliether  thofe  dai  s,  wliicli 
we  call  fixed,  do  not  likewife  move.  Hipparchus  is 
alfo  memorable  for  being  the  fird  who  difeovered  the 
precedion  of  the  equinoxes,  or  a very  flow  apparent  mo- 
tion of  the  dxed  dars  from  cad  to  wed,  by  which  in  a 
great  number  of  years  they  will  feem  to  have  performed 
a complete  revolution.  He  endeavoured  alfo  to  reduce 
to  rule  the  many  difeoveries  he  made,  and  invented 
new  indruments,  by  which  he  marked  their  magnitudes 
and  places  in  the  heavens  ; fo  that  by  means  of  them  it 
might  be  eafily  obferved,  not  only  whether  they  appear 
and  difappear,  but  likewife  whether  they  pafs  by  one 
another,  or  move,  and  whether  they  increafe  or  de- 
creafe. 

The  fird  obfervatlons  he  made,  were  in  tlie  ide 

Rhodes ; 


I 
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ivhodes  ; wlience  he  got  the  name  Rhodius  ; but  af- 
terwards-he  cultivated  tills  fcicnce  in  Bitliynia  and  Alex- 
andria only.  One  of  his  works  is  Hill  extant,  viz,  his 
Commentary  upon  Aratiis's  Phenomena.  He  compofed 
feveral  other  works  ; and  upon  the  whole  it  is  agreed, 
that  aftronomy  is  greatly  indebted  to  him,  for  laying 
that  rational  and  lolid  foundation,  upon  which  all  fuc- 
ceeding  ailronomers  have  fince  built  their  fuperftruc- 
ture. 

HIRCUS,  in  Aftronomy,  a fixed  ftar  of  the  firft 
magnitude,  the  faiue  with  Capella. 

H iRCus  is  alfo  ufed  by  feme  writers  for  a comet,  en- 
compafled  as  it  were  with  a mane,  feemingly  rough  and 
hairy. 

PURE  (Philip  de  la),  an  eminent  French  mathe- 
matician and  aftronomer,  vras  born  at  Paris  in  1640. 
His  father,  who  was  painter  to  the  king,  intending  him 
for  tlie  fame  occupation,  taught  him  drawing  andfuch 
•branches  of  mathematics  as  relate  to  it  : but  died  when 
the  fon  was  only  17  years  of  age.  Three  years  after 
this,  he  travelled  into  Italy  for  improvement  in  that  art, 
where  he  fpent  4 years.  He  applied  himfelf  alfo  to 
mathematics,  which  gradually  engrofted  all  his  atten- 
:tion.  On  his  return  to  Paris,  he  continued  his  mathe- 
matical ftudies  with  great  eagernefs,  and  he  afterwards 
publiihed  fome  works,  which  gained  him  fo  much  re- 
putation, that  he  was  named  a member  of  the  Academy 
of  Sciences  in  1678. 

The  minifter  Colbert  having  formed  a defign  for  a 
better  chart  or  map  of  France  than  any  former  ones,  De 
la  Hire  was  appointed,  with  Picard,  to  make  the  ne- 
ceffary  obfervations  for  that  purpofe.  This  occupied 
him  fome  years  in  feveral  of  the  provinces  ; and,  befide 
the  main  objedl  of  his  peregrinations,  he  was  not  un- 
mindful of  other  branches  of  knowledge,  but  philofo- 
phized  upon  every  thing  that  occurred,  and  particu- 
larly upon  the  variations  of  the  magnetic  needle,  upon 
r-efradtions,  and  upon  the  height  of  mountains,  as  de- 
termined by  the  barometer. 

In  1683,  dela  Hire  was  employed  in  continuing  the 
meridian  line,  which  Picard  had  begun  in  1669.  He 
continued  it  from  Paris  northward,  while  Caffini  car- 
ried it  on  to  the  fouth  : but  Colbert  dying  the  fame 
year,  the  work  was  dropped  before  it  was  finifiied.  De 
la  Hire  was  next  employed,  with  other  members  of  the 
academy,  in  taking  the  neceffary  levels  for  the  grand 
aquedu&LS,  which  Louis  the  14th  was  about  to  make. 

The  great  number  of  works  publifhed  by  our  author, 
together  with  his  continual  emiployments,  as  profeflbr 
of  the  Royal  College  and  of  the  Academy  of  Archi- 
tedlure,  give  us  fome  idea  of  the  great  labours  he  un- 
derwent. His  days  were  always  fpent  in  ftudy  ; his 
nights  very  often  in  aftronomical  obiervations  ; feldom 
feeking  any  other  relief  from  his  labours,  than  a change 
of  one  for  another.  In  his  manner,  he  had  the  exte- 
rior politenefs,  circumfpedtion,  and  prudence  of  Italy ; 
on  which  account  he  appeared  too  referved  in  the  eyes 
of  his  countrymen  ; though  he  was  always  efteemed  as 
a very  honeft  difinterefted  man.  He  died  in  1 7 1 8,  at  78 
years  of  age. 

Of  the  numerous  works  which  he  publiflied,  the 
principal  are,  i.  Traite  de  Mechanique  ; 1665.“— 

2..  Nouvelle  Methode  en  Geometric  pour  les  Sections 
des  Superficies  Coniques  & Cylindriques ; 1673,  qto. 


— 3.  De  Cycloide  ; 1677,  i2mo.- — 4.  Nouveaux  Ele- 
inens  des  Secdiones  Coniques : les  Lieux  Geometriques ; 
la  Conftrudlion,  ou  Effedtion  des  Equations  ; 1678, 
i2mo.- — -5. LaGnomonique,  &c;  1682.12100. — 6. Traite 
du  Nivellement  de  M.  Picard,  avec  des  additions  ; 1684. 

■ — 7.  Se-cliones  Conicie  in  novern  libros  diftributse  j 
1685,  folio.  This  was  confidered  as  an  original  work, 
and  gained  tiie  author  great  reputation  all  over  Europe, 
-—8.  Traite  du  Mouvement  des  Eaux,  &c  ; 1686. — 
9.  Tabulas  Aftronomicie  ; 1687  1702,  pto. — 10. 

Ecole  des  Arpenteurs  ; 1689. — 11.  Veterum  Mathe- 
maticorum  Opera,  Gimce  8c  Eatine,  pleraque  nunc 
primum  edita ; 1693,  foHi*  This  edition  had  been 
begun  by  Thevenot  ; who  dying,  tlie  care  of  finiftiing 
it  was  committed  to  de  la  Plire.  It  fiiews  that  our  an- 
tlior’s  ftrong  application  to  mathematical  and  aftrono- 
mical ftudies  had  not  hindered  liim  from  acquiring  a 
very  competent  knowledge  of  the  Greek  tongue.  Be- 
fide  thefe,  and  other  fmaller  works,  there  are  a vaft  num- 
ber of  his  pieces  fcattered  up  and  down  in  Journals, 
and  particularly  in  the  Memoirs  of  the  Academy  of 
Sciences,  viz,  from  1666  till  the  year  1718. 

HOBBES  (Thomas),  a famous  writer  and  philo- 
pher,  was  born  at  Malmfbiiry  in  Wiltfliire,  in  1588, 
being  the  fon  of  a clergyman  of  that  place.  He 
completed  his  ftudies  at  Oxford,  and  was  afterwards 
governor  to  the  eldeft  fon  of  William  Cavendifh  earl  of 
Devonihire,  with  whom  he  travelled  through  France 
and  Italy,  applying  himfelf  clofely  to  the  ftudy  of  po- 
lite literature.  In  1626  his  patron  the  earl  of  Devon- 
fhire  died;  and  1628  his  fon  alfo;  the  fame  year  Mr. 
Hobbes  publiflied  his  tranilation  of  Thucydides  in  En- 
glifli.  He  foon  after  went  abroad  a fecond  time  as  go- 
vernor to  the  fon  of  Sir  Gervafe  Clifton  ; but  fliortly 
after  returned,  to  refume  his  concern  for  the  hopes  of 
the  Devonihire  family,  to  whom  he  had  fo  early  at- 
tached himfelf ; the  countefs  dowager  having  deft  red  to 
put  the  young  earl  under  his  care,  then  about  1 3 years 
-of  age.  This  charge  was  very  agreeable  to  Mr.  Hobbes’s 
inclinations,  and  he  difeharged  the  truft  with  great  di- 
ligence and  fidelity.  In  1634  he  accompanied  his  young 
pupil  to  Paris,  where  he  employed  his  own  vacant 
hours  in  the  ftudy  of  natural  philofophy,  frequently 
converfing  with  Father  Merfemre,  GalTendi,  and  other 
eminent  philofophers  there.  From  Paris  he  attended 
his  pupil  into  Italy,  where  he  became  acquainted  with 
the  celebrated  Galileo,  who  freely  communicated  his 
notions  to  him  ; and  from  hence  he  returned  with  his 
ivard  into  England.  But  afterwards,  forefeeing  the 
civil  wars,  he  went  to  feek  a retreat  at  Pans ; where 
he  was  foon  made  acquainted  with  Des  Cartes  and  the 
other  learned  philofophers  there,  with  whom  he  after- 
wards held  a correfpondence  upon  feveral  mathemati- 
cal fubjedls,  as  appears  from  the  letters  of  Mr.  Hobbes 
publiflied  in  the  works  of  Des  Cartes. 

In  1642,  Mr.  Hobbs  pn'nted  his  famous  book 
Che,  which  raifed  him  many  adverfaries,  who  charged 
him  with  inftilling  principles  of  a dangerous  tendency. 
Among  many  illuftrious  perfons  who,  from  the  trou- 
bles in  England,  retired  to  France  for  fafety,  was  Sir* 
'Charles  Cavendifh,  brother  to  the  Duke  of  Newcaftle  : 
and  this  gentleman,  being  well  fleilled  in  the  mathema- 
tics, proved  a conftant  friend  and  patron  to  Mr. 
Hobbes ; who,  by  embarking  in  1645  in  a controverfy 
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about  fquaring  the  circle,  was  grown  fo  famous  by  it, 
that  in  1647  he  was  recommended  to  in ilrudl  Charles 
prince  of  Wales,  afterwards  king  Charles  the  2d,  in 
mathematical  learning.  During  this  he  employed  his 
vacant  time  in  compofing  his  Leviathan,  which  was 
publiflied  in  England  in  1651.  After  the  publication 
of  this  work,  he  returned  to  England,  and  paffed  the 
remainder  of  his  long  life  in  a very  retired  and  ftudious 
manner,  in  the  houfe  of  the  Earl  of  Devonlhire,  moft- 
ly  at  his  feat  in  Derbyfhire,  but  accompanying  the  earl 
always  to  London,  fearing  to^  be  left  out  of  his  imme- 
diate protedlion,  left  he  fliould  be  feized  by  officers 
from  the  parliament  or  government,  on  account  of  the 
freedom  of  his  opinions  in  politics  and  religion.  He 
received  great  marks  of  refpedt  from  king  Charles  the  2d 
' at  the  reftoration  in  1660,  with  a penfion  of  lool.  a 
year.  From  that  time,  till  his  death,  he  applied  him- 
felf  to  his  ftudies,  and  in  oppofing  the  attacks  of  his 
adverfaries,  who  were  very  numerous  : in  mathematical 
fubjedls  difputes  rofe  to  a great  height  between  him  and 
Dr.  Wallis,  on  account  of  his  pretended  Quadrature  of 
the  Circle,  Cubature  of  the  Sphere,  and  Duplication  of 
the  Cube,  which  he  obftinately''  defended  without  ever 
acknowledging  his  error. 

His  longlife  was  that  of  a perfeftly  honeft  man  ; a 
lover  of  his  country,  a good  friend,  charitable  and  ob- 
liging.  He  accuftomed  himfelf  much  more  to  think- 
ingj  than  reading  ; and  was  fond  of  a well-felefted,  ra- 
ther than  a large  library.  Ele  had  a hatred  to  the 
clei'gy,  having  been  perfecuted  by  them,  on  account  of 
the  fi'eedom  of  his  doftrine,  and  having  a very  indifferent 
opinion  of  their  knowledge  and  their  principles.  In  his 
laft  ficknefs  he  was  very  anxious  to  know  whether  his 
difeafe  was  curable  ; and  when  intimations  wei'e  given, 
that  he  might  have  eafe,  but  no  remedy,  he  faid,  ‘ I 
fhall  be  glad  to  find  a hcle  to  creep  out  of  the  world  at.’ 
He  died  the  4th  of  Dec.  1679,  91  years  of  age. 

His  chief  publications  were, 

1.  An  Englifh  tranflation  of  Thucydides’s  Hiftory 
of  the  Grecian  war. 

2.  De  Mirabilibus  Pecci,  and  Memoirs  of  his  own 
Life,  both  in  Latin  verfe. 

3.  Elements  of  Philofophy. 

4.  Anfwer  to  Sir  William  Davenant’s  Epiftle,  or 
Preface  to  Gondibert. 

5.  Human  Nature,  or  the  Fundamental  Elements  of 
Polic)'. 

6.  Elements  of  Law. 

7.  Leviathan;  or  the  Matter,  Form,  and  Power  of 
a Commonwealth. 

8.  A Compendium  of  Ariftotle’s  Rhetoric. 

9.  A Letter  on  Liberty  and  Neceffity. 

10.  The  Queftions,  concerning  Neceffity  and  Chance, 
Hated. 

1 1.  Six  I.effonsto  the  Profeffors  of  Mathematics,  of 
the  Inftitutlon  of  Sir  Henry  Saville. 

12.  The  marks  of  Abfurd  Geometry,  S:c. 

13.  Dialogues  of  Natural  Philofophy. 

Befides  many  other  pieces  on  Polity^,  Theology, 
Mathematics,  and  other  mifcellaneous  fubjedls,  to  the 
number  of  41. 

HOBITS,  in  Gunnery.  See  Howitz. 
HOGSHEAD,  a meafure,  or  veffel,  of  wine  or 
VoL,  1. 


oil  ; containing  the  4th  part  of  a tun,  the  half  of  a 
pipe,  or  63  gallons. 

HOLDER  (William),  a learned  and  philofophi- 
cal  Engliffiman,  was  born  in  Nottinghamffiire,  educa- 
ted at  Cambridge,  and  in  1642  became  redfor  of  Ble- 
chingdon  in  Oxfordfhire.  In  1660  he  proceeded  D.  D. 
he  became  afterwards  canon  of  Ely,  Fellow  of  the 
Royal  Society,  canon  of  St.  Paul’s,  fub-dean  of  the 
royal  chapel,  and  fub-almoner  to  the  king.  He  was  a 
general  fcholar,  a very  accompliffied  perfon,  and  a 
great  virtuofo. 

Dr.  Holder  greatly'  diftingulffied  himfelf,  by  giving 
fpeech  to  a young  gentleman  of  the  name  of  Popham, 
who  was  born  deaf.  This  was  elFetled  at  his  own  houfe 
at  Blechingdon  in  1659  ; but  the  young  man  lofing 
what  he  had  been  taught  by  Holder  after  he  was  called 
home  to  his  friends,  he  was  fent  to  Dr.  Wallis,  who 
brought  him  to  his  fpeech  again.  Plolder  publiflied  a 
book,  intitled  “ the  Elements  of  Speech  ; an  effiiy 
or  inquiry'  into  the  natural  Produdtion  of  Letters  : with 
an  appendix,  concerning  perfons  that  are  deaf  and  . 
dumb,  1669,”  8vo.  In  the  appendix  he  relates  how' 
foon,  and  by  what  methods,  he  brought  young  Pop- 
ham  to  fpeak.  In  the  Philof.  Tranf.  for  July  1670,  was 
inferted  a letter  from  Dr.  Wallis,  in  which  he  claim.s  to 
himielf  the  honour  of  bringing  that  gentleman  to  fpeak. 
By  way  of  anfwer  to  which,  in  1678,  Dr.  Holder 
publllhed  in  qto,  “ A Supplement  to  the  Philof.  Tranf. 
of  July  1670,  with  fomc  refledtions  on  Dr.  Wallis’s 
letter  there  inferted.”  P^pon  which  the  latter  foon  af- 
ter publlfhed  “ A Defence  of  the  Royal  Society^',  and 
the  Philofophical  Tranfadlions,  particularly  thofe  of 
July  1670,  in  anfwer  to  the  cavils  of  Dr.  William  Hol- 
der, 1678,”  qto. 

Dr.  Holder’s  accomplifliments  were  very  general. 
He  was  flcilled  in  the  theory  and  practice  of  mufic,  and 
wrote  A Treatife  of  the  Natural  Grounds  and 
Principles  of  Harmony,  1694,”  8vo.  He  wrote  alfo 
“ A Treatife  concerning  Time,  with  applications  of 
the  Natural  Day',  Ininar  Month,  and  Solar  Year,  See, 
1694,”  8vo.  He  died  at  Amen  Corner  in  London, 
Jan.  24,  1697,  and  was  buried  in  St.  Paul’s. 

HOLLOW,  in  Architedlure,  a concave  moulding, 
about  a quarter  of  a circle,  by''  fome  called  a Cafement, 
by  others  an  Abacus. 

H OLLOW-To-zver,  in  Fortification,  is  a rounding 
made  of  the  remainder  of  two  brffures,  to  join  the 
curtin  to  the  crillon,  wheie  the  fnrall  fliot  are  played, 
that  they  may  not  be  fo  much  expofed  to  the  view  of 
the  enemy'. 

PIOLY  Thiirfdayy  otherwife  called  Afeenfion  day", 
being  the  39th  day  after  Eafter  Sunday',  and  kept  in 
commemoration  of  Chrift’s  alcenfion  up  into  heaven. 

Holy  Rood,  or  Holy  Crofs,  a feftival  kept  on  the 
14th  of  September,  in  memory'  of  the  exaltation  of  our 
Saviour’s  crofs. 

Holy  IVeek,  is  the  laft  week  of  Lent,  called  alfo 
Paffion  Week, 

HOLY  WOOD  (John),  or  Halifax,  or  Sacro^^ 
bofeo,  was,  according  to  Leland,  Bale,  and  Pitts,  born 
at  Halifax  inYorkffilre;  according  to  Stainhurft,  at 
Holywvood  near  Dublin  ; and  according  to  Dempfter 
and  Mackenzie,  in  Nithfdale  in  Scotland*  Though 
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tliere  may  perhaps  have  been  more  than  one  of  the 
name.  Mackenzie  informs  us,  that  having  linifhed  his 
ftudies,  he  entered  into  orders,  and  became  a canon 
regular  of  the  order  of  St.  Auguilin  in  the  iainous  mo- 
nadery  of  Holywood  in  Nithfdale,  The  Enghdr  bio- 
graphers, on  tlie  contrary,  tell  us  that  he  was  educated 
at  Oxford.  They  all  agree  however  in  afferting,  that 
he  fpent  mod  of  his  life  at  Paris  ; where,  fays  Macken- 
zie, he  was  admitted  a member  of  the  univerfity,  June 
5,  1221,  under  the  fyndics  of  the  Scotch  nation; 
and  foon  after  was  elected  profelfor  of  mathematics, 
which  he  taught  with  applaufe  for  many  years.  Ac- 
cording to  the  fame  author,  he  died  in  1256,  as  ap- 
pears from  the  infcription  on  his  monument  in  the 
cloillers  of  the  convent  of  St.  Maturine  at  Paris. 

Holywood  was  contemporary  with  Roger  Bacon, 
but  probably  older  by  about  20  years.  He  vcas  cer- 
tainly the  fil'd  mathematician  of  his  time  ; and  he  wrote, 
I.  De  Sphara  Mundi  ^ a work  often  reprinted,  and  illuf- 
trated  by  various  commentators. — 2.  De  Anni  Ratmie, 
feu  de  Compiito  Ecclefiajlico. — 3.  De  AlgorifniOj  printed 
Comm.  Petri  CirvlUi  Hijp  : Paris,  1498. 
HOMOCENTRIC,  the  fame  as  Concentric. 
HOMODROMUS  Deals,  or  Lever,  in  Mecha- 
nics, is  a lever  in  which  the  weight  and  power  are  both 
on  the  fame  fide  of  the  fulcrum,  as  in  the  lever  of  the 
2d  and  3d  kind;  being  fo  called  becaufe  here  the  weight 
and  power  move  both  in  the  fame  direffion,  where- 
as in  the  Heterodromus  they  move  in  oppofite  di- 
reflions. 

HOMOGENEAL,  or  Homogeneous,  confiding 
of  fimilar  parts,  or  of  the  fame  kind  and  nature,  in 
contradidin6fion  from  heterogeneous,  where  the  parts 

are  of  different  kinds. Natural  bodies  are  ufually 

compofed  of  Homogeneous  parts,  as  a diamond,  a 
metal,  &c.  But  artificial  bodies,  on  the  contrary,  are 
ademblages  of  heterogeneous  parts,  or  parts  of  dif- 
ferent kinds  ; as  a building,  of  done,  wood,  &c. 

H OMOGENEAL  Light,  is  that  whofe  rays  are  all  of 
one  and  the  fame  colour,  refrangibility,  &c. 

H OMOGENEAL  Numbers,  are  thofe  of  the  fame  kind 
and  nature. 

H OMOGENEAL  Surds,  are  fuch  as  have  one  common 
radical  fign  ; as  /f  2I  or 

3 c 3.n(i  ^ 

HOMOGENEUM  Adfealonls,  a name  given  by 
Vieta  to  the  fecond  term  of  a compound  or  affcdled 
equation,  being  that  which  makes  it  adfedfed. 

Homogeneum  Comparatlonls,  in  Algebra,  a name 
given  by  Vieta  to  the  abfolute  known  number  or  term  in 
a compound  or  affedted  equation.  This  he  places  on  the 
right-hand  fide  of  the  equation,  and  all  the  other  terms 
on  the  left. 

HOMOLOGOUS,  in  Geometry,  is  applied  to  the 
Gorrefponding  fides  of  fimilar  figures,  or  thofe  that  are 
oppofite  to  equal  or  correfponding  angles,  and  are  fo 
called  becaufe  they  are  proportional  to  each  other.  For 
all  fimilar  figures  have  their  like  fides  Homologus,  or 
proportional  to  one  another,  alfo  their  areas  or  furfaces 
are  Homologous  or  proportional  to  the  fquares  of  the 
like  fides,  and  their  folid  contents  Homologous  or  pro- 
portional to  the  cubes  of  the  fame. 

HOOKE  (Robert)  j a very  eminent  mathematician 


and  philofophcr,  was  born,  1635,  at  Frefhwater  in  the 
Me  of  Wight,  where  his  father  was  minider.  He 
was  intended  for  the^  church  ; 'but  being  of  a weakly 
conditution,  and  very  fubjeff  to  the  head-ach,  all 
thoughts  of  that  nature  were  laid  afide.  Thus  left  to 
himfelf,  the  boy  followed  the  bent  of  his  genius,  which 
was  turned  to  mechanics  ; and  employed  his  time  in. 
' making  little  toys,  whicli  he  did  with  wonderful  art 
and  dexterity.  He  had  alfo  a good  turn  for  drawing  ; 
for  which  reafdn,  after  his  father’s  deatii,^  which  hap-, 
pened  in  1648,  he  was  placed  with  Sir  Peter  Lely;  but 
the  fmell  of  the  oil-colours  increafing  his  head-ach,  he 
quitted  painting  in  a very  Ihort  time.  Me  was  after- 
wards kindly  taken  by  Dr.  Bulky  into  his  hbufe,  and 
fupported  there,  while  he  attended  Weflminiler-fchooi ; 
where  he  not  only  acquired  a competent  lhare  of  Greek 
and  Latin,  together  with  an  infight  into  Elebrew  and 
fome  other  Oriental  languages,  but  alfo  made  himfelf 
mailer  of  a good  part  of  Euclid’s  Elements  ; and,  a^ 
Woodalferts,  invented  30  different  ways  of  flying. 

About  the  year  1653  went  to  Chriff-church  in 
Oxford;  and  in  1655  was  introduced  to  the  Philofophi- 
cal  Society  there  ; where,  difcovering  his  mechanic  ge- 
nius, he  was  firft  employed  to  aflift  Dr.  Willis  in  his. 
chemical  operations,  and  was  afterwards  recommended 
to  Mr.  Robert  Boyle,  whom  he  ferved  feveral  years 
in  the  fame  capacity.  He  was  alfo  inftru6fed  in  aftro- 
nomy  about  this  time  by  Dr.  Seth  Ward,  Savilian 
Profeffor  of  that  fcience  ; and  from  henceforward  dif- 
tinguifhed  himfelf  by  many  noble  inventions  and  im- 
provements of  the  mechanic  kind.  He  alfo  invented 
feveral  affronomical  inftruments,  for  making  obferva- 
'tions  both  at  fea  and  land,  and  was  particularly  fervice- 
able  to  Mr.  Boyle  in  completing  the  invention  of  tliQ 
air-pump.  In  1662  he  was  appointed  Curator  of  Expe- 
riments to  the  Royal  Society  ; and  when  that  body  was 
eftablilhed  by  royal  charter,  he  was  in  the  lifl;  of  thofe^ 
who  were  firft  named  by  the  council  in  May  20,  1663  ; 
and  he  was  admitted  accordingly  June  3,  with  a pecu- 
liar exemption  from  all  payments.  Sept.  28  of  the  fame 
year,  he  was  named  by  lord  Clarendon,  chancellor  of 
Oxford,  for  the  degree  of  M.  A. ; and  061.  19  it  was 
ordered  that  the  repofitory  of  the  Royal  Society  fliould 
be  committed  to  his  care : the  white  gallery  in  Gre- 
ftiam-college  being  appropriated  to  that  ufe.  In  May 
1664,  he  began  to  read  the  aftronomy  le6Iure  at  Gre- 
fhain  college  for  the  profeffor  Dr.  Pope,  then  in  Italy  ; 
and  the  fame  year  he  was  made  Profeflbr  of  Mechanics 
to  the  Royal  Society  by  Sir  John  Cutler,  with  a falary 
of  50I.  per  annum,  which  that  gentleman,  the  founder, 
fettled  upon  him  for  life.  Jan.  ii,  1665,  that  fociety 
granted  a falary  alfo  of  30I.  a year,  for  his  office  of 
Curator  of  Experiments  for  life  ; and  the  month  of 
March  the  fame  year  he  was  ele6fed  profeffor  of  geo- 
metry in  Grefham-college. 

In  1665  too,  he  publifhed  in  folio,  his  “ Microgra- 
phia,  or  fome  Philofophical  Defcriptions  of  Minute 
Bodies,  made  by  Magnifying  Glaffes,  with  Obferva- 
tions  and  Enquiries  thereupon.”  And  the  fame  year, 
during  the  recefs  of  the  Royal  Society  on  account  of 
the  plague,  he  attended  Dr.  Wilkins  and  other  inge- 
nious gentlemen  into  Surry,  where  they  made  feveral 
experiments.  In  1666  he  produced  to  the  Royal  So- 
ciety 
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ciety  a model  for  rebuilding  the  city  of  London,  then 
deftroycd  by  the  great  fire,  with  which  the  Society  was 
well  pleafed  ; and  the  Lord  Mayor  and  Aldermen  pre- 
ferred it  to  that  ol  the  city  liirveyor,  though  it  hap- 
pened not  to  be  carried  into  executioin  The  rebuilding 
of  the  city  according  to  the  a6t  of  parliament  requiring 
able  perfons  to  fet  out  the  ground  for  the  proprietors, 
Mr.  Hooke  was  appointed  one  of  the  furveyors  ; an 
employment  in  which  he  got  moil  part  of  his  eilate,  as 
appeared  from  a large  iron  chell  of  money  found  after 
his  death,  locked  down  with  a key  in  it,  and  a date  of 
the  time,  which  fhewed  it  to  have  been  fo  fliut  up  above 
30  years*  From  1668  he  was  engaged  for  many  years 
in  a warm  contell  v/ith  Hevelius,  concerning  the  dil- 
ference  in  accuracy  between  obferving  with  agronomi- 
cal inilruments  with  plain  and  telelcopic  fights  ; in 
"which  difpute  msany  learned  men  afterwards  engaged, 
and  in  which  Hooke  managed  fo  ill,  as  to  be  univerfally 
condemned,  thcxigh  it  has  lince  been  agreed  that  he  had 
the  better  fide  of.  the  queiiion. — In  1771  he  attacked 
Newton’s  “ New  Theory  of  IJght  and  Colours 
where,  though  he  was  obliged  to  fubmit  in  refpedt  to 
the  argument,  it  is  faid  he  came  off  with  more  credit. 
The  Royal  Society  having  commenced  their  meetings 
at  Grefham-college,  November  1674,  Com.mittee 
in  Decemiber  allowed  him  40!.  to  eredl  a turret  over 
part  of  his  lodgings,  for  trying  his  inftruments,  and 
making  aflronomical  oblervations  : and  the  year  fol- 
low'ing  he  publilhed  “ A Defeription  of  Telefcopes, 
and  fome  other  inilruments  made  by  R.  H.  with  a 
Poflfcript,”  complaining  of  fome  injullice  done  him  by 
their  fecretarv  Mr.  Oldenburg,  who  publiihed  the  Phi- 
loiophical  Tranfaclions,  in  regard  to  his  invention  of 
pendulum  watches.  This  charge  drew  him  into  a dif- 
pute with  that  gentleman,  which  ended  in  a declaration 
of  the  Royal  Society  in  their  fecretary’s  favour. — Mr. 
Oldenburg  dying  in  1677,  Mr.  Hooke  was  appointed 
to  fupply  his  place,  and  began  to  take  minutes  at  the 
meeting  in  Oclober,  but  did  not  piiblilh  the  Tranf- 
adlions. — Soon  after  this,  he  grew  more  referved  than 
formerly  ; and  though  he  read  his  Cutlerian  Lectures, 
often  made  experiments,  and  fnewed  new  inventions  be- 
fore the  Royal  Society,  yet  he  feldom  left  any  account 
of  them  to  be  entered  in  their  regiilers  ; defigning,  as 
he  faid,  to  piiblifh  them  him.felf,  wdiich  however  he 
never  performed. — In  1686,  when  Newton’s  work  the 
Principia  was  publiflied,  Hooke  laid  claim  to  his  dif 
covery  concerning  the  force  and  adlion  of  gravity, 
which  was  warmly  refented  by  that  great  philolopher. 
Hooke,  though  a great  inventor  and  difeoverer  him- 
felf,  was  yet  fo  envious  and  ambitious,  that  he  wmuld 
fain  have  been  thought  the  only  man  who  M invent 
and  difeover.  This  made  him  often  lay  claim  to  the 
inventions  and  difeoveries  of  other  perfons  ; on  which 
occafions  how^ever,  as  well  as  in  the  prefent  cafe,  the 
thing  was  generally  carried  againft  him. 

In  the  beginning  of  the  year  1687,  his  brother’s 
daughter,  Mrs.  Grace  Hooke,  who  had  lived  with  him 
feveral  years,  di*ed  : and  he  was  fo  affedled  w’ith  grief 
at  her  death,  that  he  hardly  ever  recovered  it,  but  was 
cbferved  from  that  time  to  become  lefs“a6live,  more 
melancholy,  and  more  cynical  than  ever.  At  the  fame 
time,  a chancery  fuit  in  wliich  he  was  concerned  with 
Sir  John  Cutler,  cn  account  of  his  falary  for  reading 


the  Cutlerian  Ledlures,  made  him  uneafy,  and  increafed 
his  diforder.' — In  1691,  he  was  employed  in  forming 
the  plan  of  the  hofpital  near  Hoxton,  founded  by  Ro- 
bert Aflt,  alderman  of  London,  who  appointed  arch- 
blfhop  Tillotfon  one  of  his  executors  ; and  in  Decem- 
ber the  fame  year,  Hooke  was  created  M-  D.  by  a 
warrant  from  that  prelate.  In  July  1696,  the  chancery 
fait  with  Sir  John  Cutler  was  determined  in  his  favour,, 
to  his  inexpreffible  fatisfaOlioii.  His  joy  on  that  occa- 
was  found  in  his  diary  thus  expreflVd  ; domsHlgissa  ; 
that  is,  Deo^  Optimo^  Maxmo,  Jit  honor,  laus,  gloria,  in 
Joecula  facidorum,  Amen.  I was  born  on  tills  day  ol 
July  1635,  and  God  hath  given  me  a new  birth  ; may 
I never  forget  his  mercies  to  me  ! while  he  gives  me' 
breath  may  I praife  him!” — In  the  fame  year  1696, 
an  order  was  granted  to  him  for  repeating  moil  of  his 
experiments  at  the  expence  of  the  Royal  Society,  upon 
a promife  of  his  finilhing  the  accounts,  obfervations, 
and  dedudlions  from  them,  and  of  perfecllng  the  de- 
fciiption  of  ail  the  inilruments  contrived  by  him  ; but 
his  increafing  illnefs  and  general  decay  rendered  liim 
unable  to  perform  it.  He  continued  fome  years  jn 
this  walling  condition  ; and  thus  languilhing  till  he 
was  quite  emaciated,  he  died  March  3,  1702,  in  his 
67th  year,  at  his  lodgings  in  Grelham  college,  and  was 
buried  in  St.  Flelen’s  church,  Bilhopfgate  llreet  ; his 
corps  being  attended  by  the  members  of  the  Royal 
Society  then  in  London. 

As  to  Mr.  Hooke’s  tharaClcr,  it  is  not  in  all  re- 
fpecls  one  of  the  moft  amiable.  In  his  perfon  he 
made  rather  a defpicable  figure,  being  but  of  a fliort 
llature,  very  crooked,  pale,  lean,  and  of  a meagre  tif- 
pedl,  with  dark-brown  hair,  very  long,  and  hanging 
over  his  face  lank  and  uncut.  Suitable  to  his  perfon,* 
his  temper  was  penurious,  melancholy,  and  millrullful: 
and,  though  pofl'elTed  of  great  philofophical  knowledge, 
he  had  fo  much  ambition,  that  he  would  be  thought 
the  only  man  who  could  invent  or  difeover ; and  hence 
he  often  laid  claim  to  the  inventions  and  difeoveries  of 
others,  while  he  boailed  ot  many  of  his  own  which  he 
never  communicated.  In  the  religious  part  of  his  cha- 
racter, he  was  fo  exemplary,  that  lie  alway^s  exprelTed  a 
great  veneration  for  the  Deity  ; and  feldom  received 
any  remarkable  benefit  in  life,  or  made  any  confiderablc 
difeovery  in  nature,  or  invented  any'  ufeful  contrivance, 
or  found  out  any  difficult  problem,  without  fetting  down 
his  acknowledgment  to  God,  as  many  places  in  his  diary 
plainly  lliew. — His  chief  publications  are, 

1.  LeBiones  Cutlcriana,  or  the  Cutlerian  lieClurcs. 

2.  Micrographia,  or  Deferiptions  of  Minute  Bodies 
made  by  Magnifying  Glaffies. 

3.  A Defeription  of  Heliofeopes. 

4.  A Defeription  of  fome  Mechanical  Improvements 
of  Lamps  and  Water-poifes. 

5.  Philofophical  Collections. 

6.  Pofihumous  Works,  colleClcd  from  his  papers  by 
Richard  Waller  fecretary  to  the  Royal  Society.  Be- 
fides  a number  of  papers  in  the  Philo f.  Tranf.  volumes 
I,  2,  3,  5,  6,  9,  16,  !7,  22. 

HORARY,  lomething  relating  to  Hours.  As, 

Horary  Circles,  hour  lines  or  circles,  marking  the 
hours,  or  drawn  at  the  dillance  of  hours  from  one  an- 
other. 

Horary  Motion,  is  the  motion  or  fpace  moved  in  an 
4 H 2 hoiir^ 
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hour*  Thus,  the  Horary  motion  of  the  earth  on  her 
axis,  is  15°;  for,  completing  her  revolution  of  360°,  in 
24  hours,  therefore  the  motion  in  one  hour  will  be  the 
24th  part  of  360°,  which  is  15  degrees. 

HORIZON,  in  Aftronomy,  a great  circle  of  the 
fpliere,  dividing  the  world  into  two  parts,  or  hemi- 
fpheres  ; the  one  upper,  and  vihble  ; the  other  lower, 
and  hid. 

The  Horizon  is  either  Rational  or  Senfible. 

Hori  ZON,  Rational ’TriiCj  or  Afcronomtcal.,'  called 
alfo  fimply  and  abl'olutely  the  Horizon,  is  a great  cir- 
cle having  its  plane  pafTing  through  the  centre  of  the 
earth,  and  its  poles  are  the  zenith  and  nadir.  Hence 
all  the  points  of  the  Horizon,  quite  around,  are  at  a 
quadrant  dillance  from  the  zenith  and  nadir.  Alfo  the 
meridian  and  vertical  circles  cut  the  Horizon  at  right 
angles,  and  into  t\vo  equal  parts. 

Horizon,  Apparent^  Senfible^  or  Vifihle,  is  a leffer 
circle  of  the  fpliere,  parallel  to  the  rational  Horizon, 
dividing  the  vifible  part  of  the  fphere  from  the  invifible, 
and  whofe  plane  touches  the  fpherical  furface  of  the 
earth. 

The  fenfible  Horizon  is  divided  into  Eaftern  and 
Weftern  ; the  Eaftern  or  Ortive  being  that  in  which 
the  heavenly  bodies  rife  ; and  the  Weftern,  or  Occi-. 
dual,  being  that  in  which  they  fet. 

Horizon,  in  G-eography,  is  a circle  dividing  the  vi- 
fible part  of  the  earth  and  heavens  from  that  which  is 
invifible.  This  is,  peculiarly  called  Senfible  or  Appa- 
rent Horizon,  to  diftinguifh  it  from  the  Rational  or 
True,  which  paffes  through  the  centre  of  the  earth  ; 
as  already  obferved.  Thefe  two  Horizons^  though 
diftant  from  one  another  by  the  femidiameter  of  the 
earth,  will  appear  to  coincide  when  continued,  to  the 
fphere  of  the  fixed  ftars ; becaufe  the  earth  compared, 
with  this  fphere  is  but  a point. 

By  Senfible  Horizon  ia  alfo  often  meant  a circle 
which  determines  the  fegment  of  the  furface  of  the 
earth,  over  which  the  eye-  can  reach;,  called  alfo, the 
Phyfical  Horizon.  And  in  this  fenfe  we  fay,  a fpa». 
clous  Horizon,  a narrow  or  fcanty  Horizon,  &c  ; de-. 
pending  chiefly  on  the  height  the  eye.  is.  elevated  above.- 
the  earth,. 


R 


For,  it  is  evident  that  the  higher  the  eye  is  placed,, 
the  farther  is  the  vifible  Horizon  extended.  Thus,  if 
t-he  eye  be  at  A,  at  the  height  AD:  above  the  earth  ; 
draw  the  two  tangents  AA,  Ar ; and  let  one  of  thefe- 
lines  A/>,  be  moved  round  the  point  A,  and  in  its  re- 
volution always  touch  the  furface  of  the  earth ; then 


the  other  point  h will  deferibe  the  vifible  Horizon  hor^ 
&c.  But  if  the  eye  be  placed  higher  as  at  B,  the  tan- 
gents BH  and  BR  will  reach  farther,  and  the  vifible 
Horizon  HOR  will  be  larger. 

The  vifible  Horizon  Is  moft  accurately  obferved  atz 
fea,  and  is  therefore  fometimes  called  the  Horizon  of* 
the  fea.  In  obferving  this  Horizon,  the  vifual  rays> 
Kh  and  Ar  will,  on  account  of  the  curve  furface  of  the, 
fea,  always  point  a little  below  the  true  fenfibk;  Hori- 
zon SS  or  EF,  and  confequently  below  the  rational 
Horizon  TT,  which  is  parallel  to  it. 

To  find  the-Depreffion  of  the  Horizon  of  the  fen 
below  the  true  Horizon,  which  varies  with  the  height 
of  the  eye,  and  in  a fmall  degree  with  the  variation  of 
the  refra6live  power  of  the  atrnofphere,  fee  Depres- 
sion. 

As  to  the  right-lined  diftance,  or  tangent  it  ma'jy 
be  found  thus  ; as  radius  : fin.  zl  C : t CA  : A^, 

or  thus  ; as  radius  : tan.  zl  C : : C/^  : Ai>, 

either  of  which  will  be  nearly  the^fame  -as  the  arc  or^ 
curved  diftance  D-^.  Or,  without  finding  the  angle  C,.. 
thus  ; the  fquare  of  Ah  is  equal  to  the  difference  of 
the  fqiiares  of  C A and  Oh,  i.  e.  Ah'^  ~ CA^  — Oh^  =■ 

0\.  ft-  Oh  X CA  -~  Ol  =1  CA'T'  Oh  X AD,  and' 

hence  Ah  — ^ CA  -j-C/^  X ADj.whicb  is  alfo  equal- 
to  Ah  nearly. 

The  diftance  on  a perfeeft  globe,  if  the  vifual  rays, 
came  to  the  eye  in  a ftraight  line,  would  be  as  above- 
ftated ; but  by.  means  of  the  refraeftion  of  the  atmo-- 
fphere,  diftant  objedbs  on  the  Horizon  appear  higher 
than  they  really  are,  or  appear  lefs , deprelTed  below  the- 
true  Horizon  SS,  and  may  be  feen  at  a greater  diftance, i 
efpeqially  on  the  fea*.  M.  Eegeiidre,  in  his  Memoir  on- 
Meafurements  of  the  Earth,  in  the  Mem.  Acad.  Sci.., 
for  the  year  1787,  fays  that,  from  feveral  experiments,, 
be  is  induced  to  allow  for  refraffioii  a 14th  part  of  the* 
diftance  of  the  place  obferved,  expreffed' in  degrees  and' 
minutes  of  great  circle..  Thus,  if  the-  diftance  be^ 
.L4000  toifes,  the  refradlion  will  be  looQ  toifes,  equal:, 
to  the  57th  part  of  a degree,  or  i'  3^'. 

Horizon  of  th^  Globe,,  z..  broad  wooden  circle,.  See:* 
Glore,. 

HORIZONTAL,  fomethlhg  that  relates  to  the- 
Horlzon,  or  that  is  taken  in  the  Horizon,  or  on  a level.' 
with  or  parallel,  to,  it.  Thus,  we  fay,  a Horizontal- 
plane,  Horizontal  line,  ITorizontal  diftance,  &c. 

Horizontal, DA/,  is  one -drawn  on, a plane  paraL 
Iql  to  the  horizon  ; having  its  gnomon  or  ftyle  elevated' 
according  to  the  altitude  of  the  pole  of  the  place  it  is, 
defigned  fon 

Horizontal  Dlflance,  is  that  eftimated  in  the  di-. 
reStion  of  the  horizon. 

Horizontal,  ALi?,  in  PerfpeStive,  is  a right  line. 
d.rawn. through  the  principal  point,  parallel  to  the  ho-, 
rizon  ; or  it  is  the  interfedlion  of  the  Horizontal  and; 
perfpeflive  planes. 

Horizontal  L/ine,  or  bafe  of  a hill,  in  Surveying,, 
a line  drawn  on  the  Horizontal  plane  of  the  bill,  or 
that  on  which  it  ftands.. 

Horizontal  Moon.  See  Apparent  Magnitude., 

Horizontal  Parallax.'  See  Parallax. 

Horizontal  Plane,  Is  that  which  is  parallel  to  the,- 
horizon  of  the  place,  or  not  inclined  to  it. 

Horizontal; 
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Horizontal  Plane,  in  Perfpe6live.  See  Plane. 

PIoRizONTAL  Proje^ion^  See  Projection,  and 
Map. 

PIoRizoNTAL  Range,  of  a piece  of  ordnance,  is  the 
dillance  at  which  it  falls  on,  or  ftrikes  the  horizon,  or 
on  a Horizontal  plane,  whatever  be  the  angle  of  eleva- 
tion or  direcfion  of  the  piece.  When  the  piece  is 
pointed  parallel  to  the  horizon,  the  range  is  then  called 
txie  point-blank  or  point-blanc  range. 

The  greatell  Horizontal  range,  in  the  parabolic 
theory,  or  in  a vacuum,  is  that  made  with  the  piece 
elevated  to  45  degrees,  and  Is  equal  to  double  the  height 
from  which  a heavy  body  mull  Ireely  fall  to  acquire  the 
velocity  with  which  the  Ihot  is  difeharged.  Thus,  a 
fliot  being  difeharged  with  the  velocity  of  v feet  per 
fecond  ; becaufe  gravity  generates  the  velocity  2g  or 
32^  feet  in  the  firil  fecond  of  time,  by  falling  16-/2; 
g feet,  and  becaule  the  fpaces  defeended  are  as  the 

fquares  of  the  velocities,  therefore  as  4^*  i gg.  — ■ 

the  fpace  a body  mud  defeend  to  acquire  the  velocity  v 
of  the  fhot  or  the  fpace  due  to  the  velocity  v ; confe- 

quently  the  double  of  this,  or  — =: is  the  created 

. ' . 32? 

Horizontal  range  wnth  the  velocity  or  at  an  elevation 
of  45  degrees  ; wdiich  is  nearly  half  the  fquare  of  a 
quarter  of  the  velocity. 

In  other  elevations,  tlie  Horizontal  range  Is  as  the 
fine  of  double  the  angle  of  elevation  ; fo  that,  any  other 
elevation  being  e.  It  wall  be, 

as  radius  i ; fin.  le  :: — - : — - x fin.  2e,  the  range  at 

32I  32f 

the  elevation  e,  wuth  the  velocity  v. 

But  in  a refilling  medium,  like  the  atmofphere,  the 
actual  ranges  fall  rar  ih.ort  of  the  above  theorems,  in 
fo  much  that  wnth  the  great  velocities,  the  aflual  or 
real  ranges  may  be  Itfs  than  the  loth  part  of  the  po- 
tential ranges  ; io  tiiat  feme  balls,  which  actually  range, 
but  a mile  or  two,  would  in  vacuo  range  20  or  30 
miles.  And  he.ice  .aio  it  happens  that  the  elevation 
of  the  piec-,  to  Ihoot  fartheil  m the  refilling  medium,, 
is  alw^ays  below  45°,  and  gradually  the  more  below  it 
as  the  velocity  Is  greater,  lo  that  the  greater  velocities 
with  w'hich  balls  are  difeharged  from  cannon  wnth  gun- 
powder, require  an  elevation  of  the  gun  equal  to  but 
about  30°,  or  even  lefs.  And  the  lets  the  lize  of  the 
balls  is  too,  the  lefs  mull  tins  angle  of  elevation  be,  to 
fhoot  the  fartheil  wn'th  a given  velocity.  See  Projec- 
tile, and  Gunnery. 

Horizontal  Refradlon.  See  Refraction. 

Horizontal  Speculum,  one  to  find  a horizon  at 
Sea,  &c,  when  the  atmofphere  is  hazy  near  the  hori- 
zon, by  wdiicli  the  light  of  it  is  prevented. 

A fpeculum  of  this  kind  w'as  invented  by  a Mr.  Ser- 
fon,  on  the  principle  of  a top  fpinning,  w'hieh  alwaiys 
keeps  its  iipiight  pofition,  notwithllanding  the  m.otiou 
cf  the  fubltance  it  fpins  upon.  This  curious  inllru- 
ment,  as  it  has  fmee  been  improved  by  Mr.  Smeaton, 
conlids  of  a well  polilhed  metal  fpeculum,  of  about  3 
inches  and  a half  in  diameter,  inclofed  wuthin  a circular 
rim  of  brafs  ; fo  ftted  that  the  centre  of  gravity  of 
tlic  whole  fnall  fall  near  the  point  on  wdilch  it  fpins. 
This  is  the  end  of  a Heel  axis  running  through  the 


centre  of  the  fpeculum,  above  which  it  finilhes  In  a: 
fquare,  for  the  conveniency  of  fitting  a roller  on  it, 
which  fets  it  in  motion  by  means  of  a piece  of  tape 
wmund  about  the  roller. 

Various  other  contrivances  to  form  artificial  horizons 
have  been  invented  by  different  perfons,  as  glafs  planes 
floating  on  mercury,  &c.  See  Hadley’s  Quadrant, 
and  feveral  inventions  of  this  fort  in  the  Philof.  Tranf. 
by  Elton,  Halley,  Leigh,  3cc.  vol.  xxxvii,  p.  273,  voh 
xxxviii,  p.  167,  vol.  xl,  p.  413,  4175 

HORN-Work,  in  Fortification,  a fort  of  out-work, 
advancing  tow^ard  the  field,  to  cover  and  defend  a cur- 
tin,  baftion,  or  other  place,  fufpedled  to  be  weaker 
than  the  reft  ; as  alfo  to  poffefs  a height ; carrying  in 
the  fore-part,  or  head,  two  demi-ballions,  refembling 
horns  : thefe  horns,  epaulments,  or  fiiouldcrings,  being 
joined  by  a curtIn,  Ihut  up  on  the  fide  by  two  wings, 
parallel  to  one  another,  are  terminated  at  the  gorge  of 
the  wmrk,  and  fo  prefent  themfelves  to  the  enemy. 

HOROGRAPHY,  the  art  of  making  or  confiruT- 
iiig  dials  ; called  alfo  Dialling,  Elorologlography,  Gno- 
monica,  Sclatherica,  Photolciatherica,  &c. 

HOROLOGIUM,  a common  name,  among  an- 
cient wTiters,  for  any  inftrument  or  machine  for  mea- 
furing  the  hours.  See  Clock,  WATCHy-  Sun-Dial, 
Chronometer,  Clepsydra,  &c. 

PIOROMETRY,  the  art  of  mtafuring  or  dividing 
time  by  hours,  and  keeping  the  account  of  time. 


EIOROPTER,  in  Optics,  is  a right  line  drawni 
through  the  point  where  the  two  optic  axes  meet,  pa- 
rallel to  that  wdiich  joins  the  centres  of  the  two  eyes, 
or  the  two  pupils.  As  the  line  AB  drawn  through  C 
the  point  of  concourfe  of  the  optic  axes  of  the  eyes, 
and  parallel  to  HI  joining  the  centres  of  the  eyes. — 
This  line  is  called  the  Horopter,  becaufe  it  is  found  to 
be  the  limit  of  diftindl  vifion.  It  has  feveral  pro])cr- 
ties  in  Optics,  wdiich  are  deferibed  at  large  in  Aguillo- 
nius,  Opt.  lib.  2,  difs.  10. 

flOROSCOPE,  in  Aftrology,  is  the  afeendant  or 
firll  lioufe,  being  that  part  of  the  zodiac  which  is  julE 
rifmg  in  the  eaftern  fide  of  the  horizon  at  any  propofed 
time,  when  a fcheme  is  to  be  fet  or  calculated,  or  a pre- 
didlion  made  of  anv  event.  See  Ascendant. 

EIoroscope  is  alfo  ufed  for  a Ichemc  or  fio-ure  of  the 

® * • 

T2  ctkftial  houfes  ; i.  e.  the  12  figns  of  the  zodiac,  in 
wdiich  is  marked  the  diipofition  of  the  heavens  for 
anv  given  time.  I'hus  it  is  laid,  To  draw'  or  conftriRt 
a HujoJeope  oi  feheme,  And  it  is  more  iKculiavlyi 

calk'd, . 
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called,  CaTcu’atiiig  a nativity,  wlien  t'ae  life  and  fortune 
of  a.perfon  are  the  l'ubje6l  of  prediftion. 

lAinar  Horoscope,  Is  the  point  the  moon  ilTaes  out 
of,  when  the  fun  is  in  the  afeending  point  oi  the  eail ; 
and  is  alfo  called  the  Part  of  Fortune. 

FIoroscope  was  alfo  a mathematical  inilrument, 
in  manner  of  a planifphere  ; but  mow  difafed.  It  was 
invented  by  J.  Paduanus,,  who  wmote  a fpedal  treatife 
upon  it. 

HORROR  of  a Vactmni  an  imaginary  principle 
among  the  more  ancient  philoiophers,  to  which  they 
.aferibed  the  afeent  of  w’ater  in  pumps,  and  other  firni- 
lar  phenomena,  which  are  now^  known  to  be  occafioned 
.by  the  w^eight  of  the  air. 

HORROX  (Jeremiah),  an  eminent  Englifn  aftro- 
•nomer,  wms  born  at  P'oxteth  in  Lancafliire,  about  the 
year  1619.  From  a grammar  fchool  in  the  country, 
he  was  fent  to  Cambridge,  where  he  fpent  fome  tune 
in  academical  ftudies.  About  1633  he  began  to  apply 
himfelf  to  the  ftudy  of  allronomy  : but  living  .at  that 
time  with  his  father  at  Toxteth,  in  very  moderate  ci»- 
cumftances,  and  being  deftitute  of  books  and  other  .af- 
Fiftances  for  fuch  ftudies,  he  could  not  make  any  confi- 
derable  progrefs  in.  it.  About  the  year  1636,  he 
formed  an  acquaintance  with  Mr.  William  Crabtree, 
-of  Broughton  near  Manchefler,  who  v/as  engaged  In 
the  fame  fludies,  with  whom  a mutual  correfpondence 
’was  carried  on  till  his  death  ; fometimes  communicat- 
ing their  improvements  to  Mr.  Samuel  Fofter,  profeiTor 
-of  geometry  at  Grefham  College  in  London.  Having 
..now  obtained  a companion  in  his  fludies,  Mr.  Horrox 
affumed  new  vigour,  procured  other  iiiflruments  and 
books,  and  -was  purfuing  his  fludies  and  obfervations 
wnth  great  aifiduity,  wdren  he  was  fuddenly  cut  off  by 
death,  the  3d  of  January  1640,  in  the  22d  year  of  his 

What  we  have  of  his  writings  is  fuflicient  to  drew 
how  great  a lofs  the  world  had  by  his  death.  He  had 
jufl  hnifhed  his  Venus  in  Sole  vifa^  1639,  a little  before, 
as  appears  by  fome  of  the  letters  to  his  friend  Mr. 
Crabtree,  by  wdiich  alfo  it  appears  that  he  made  his 
obfervations  on  that  phenomenon  at  Hool  near  Liver- 
pool. (This  tra£l,  of  Venus  feen  in  the  Sun,  w^as  pub- 
liflied  at  Dantzick  in  1668,  by  Hevelius,  together 
with  his  own  Mercurius  in  Sole  Vtfis  May  3,  1661. 
His  other  pofthumous  works,  or  rather  his  imperfedt 
papers,  were  puhfifhed  by  Dr.  Wallis,  in  1673,  4to, 
wdth  fome  account  of  his  life ; in  which  we  find  he 
firfl  afferts  and  promotes  the  Keplerian  aflronomy 
againfl  the  hypothefis  of  l^anfberg  ; wdiich  he  proves 
to  be  inconfiflent  wdth  Itfelf,  and  neither  agreeing  wdth 
obfervations  nor  theory.  Fie  likewdfe  reafons  very 
juftly  concerning  the  celeftial  bodies  and  their  motions, 
vindicates  Tycho  Brahe  from  fome  objedlions  made  to 
his  hypothefis,  and  gives  a new  theory  of  the  m.oon  : 
to  wLich  are  added  the  Lunar  Numbers  of  Mr.  Flam- 
ileed.  There  are  alfo  extradls  from  fcveral  letters  be- 
tween him  and  Mr.  Crabtree,  upon  various  aflronomi- 
cal  fubjedls ; with  a catalogue  of  aflronomical  obfer- 
vations. 

There  are  two  things  particularly  wdiich  will  perpe- 
tuate the  memory  of  this  very  extraordinary  young  man. 
The  one  is,  that  he  was  the  firfl  that  ever  prediHed  or 
daw  the  planet  Venus  in  the  funj  for  we  do  not  find 
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that  any  perfons,  befides  himfelf  and  Mr.  Crabtree, 
ever  beheld  fuch  a phenomenon.  Though  he  was  not 
apprifed  of  the  great  ufe  that  was  to  be  made  of  it,  in 
difeovering  the  parallax  and  diilance  of  the  fun  and 
planets,  yet  he  made  from  it  many  ufeful  obfervations, 
corrections,  and  improvements  in  the  theory  of  the  mo- 
tions of  Venus. — Secondly,  his  New  Theory  of  Lunar 
Motions,  wFiich  Newton  himfelf  made  the  ground  work 
of  all  his  aflronomy,  relative  to  the  moon,  wdio  always 
fpokc  of  our  author  as  a genius  of  the  firfl  rank. 

FiOR.S E-Shoe.,  in  Fortification,  is  a work  fome- 
times cf  a round,  fometimes  of  an  oval  figure,  iiiclofed 
wdth  a parapet,  ralfed  in  the  ditch  of  a marfliy  place, 
or  in  low"  grounds ; fometimes  alfo  to  cover  a gate  ; 
or  to  ferve  as  a lodgment  for  foldiers,  to  prevent  fur- 
prifes,  or  relieve  an  over-tedious  defence, 

HOSPITAL,  or  Hopital  (William-Francis- 
Anthon  y,  marquis  of) ^ 2i  celebrated  French  mathe- 
matician, w"as  born  of  an  ancient  family  in  1661.  He 
vras  a mathematician  almofl  from  his  infancy  ; for 
being  one  day  at  the  duke  of  Rohan’s,  where  fome 
able  mathematicians  w-ere  fpeaking  of  a problem  of 
Pafcal’s,  wdiich  appeared  to  them  very  difficult,  he 
ventured  to  fay,  that  he  believed  he  could  refolve  it. 
They  w^-ere  furprifed  at  fuch  prefumption  in  a boy  of 
15,  for  he  w"as  then  no  more  ; however,  in  a few  days 
he  fent  them  the  foliition. 

M.  FHofpital  entered  early  into  the  army,  and  w"as  a 
captain  of  horfe  ; but  being  very  fliort-fighted,  and  on 
that  account  expofed  to  perpetual  inconveniences  and 
errors,  he  at  length  quitted  the  army,  and  applied  hlm- 
felt  entirely  to  his  favourite  amufement.- — He  contraCled 
a mendfliip  wdth  Malbranche,  and  took  his  opinion 
upon  all  occafions. — In  1699  he  w’^as  received  an  hono- 
rary member  of  the  Academy  of  Sciences  at  Paris. 

He  was  the  firfl  perfoii  in  France  wLo  wTote  upon 
New"ton’s  analyfis,  and  on  this  accoun-t  W"as  regarded  al- 
mofl as  a prodigy.  His  w-ork  w^as  entitled  1’ Analyfe 
eles  Inf  nimens  Petits^  1 696.  He  engaged  afteinvards  in 
another  mathematical  work,  in  wdiich  he  Included  Les 
Sections  Coniques^i  les  Lieux  Geometriques ^ la  ConfruBion 
ties  Equations,  et  une  Pheorie  des  Courbes  Meehaniques  : 
but,  a little  before  he  had  hnifhed  ft  he  w"as  feized  wdth 
a fever,  which  carried  him  off,  the  2d' of  February 
a 704,  at  43  years  of  age.  The  w"ork  was  publifhed 
after  his  death,  viz,  in  1707.  There  are  alfo  fix  of  his 
pieces  inferted  in  different  volumes  of  the  Memoirs  of 
the  Academy  of  Sciences. 

HOUR,  in  Chronology,  an  aliquot  part  of  a natural 
day,  lifually  the  24th,  but  fometimes  a 12th  part.  With 
us,  it  Is  the  24th  part  of  the  earth’s  diurnal  rotation, 
or  the  time  from  noon  to  noon,  and  therefore  it  an- 
fwmrs  to  15  degrees  of  the  whole  circle  of  longitude, 
or  of  360k  The  hour  is  divided  by  6oths,  viz,  hrfl 
into  60  minutes,  then  each  minute  into  60  feconds, 
See. 

The  divlfion  of  the  day  into  Hours  is  very  ancient ; 
as  is  fhew'n  by  Kircher,  Oedip.  zLgypt.  tom.  2,  par.  2, 
clafs  7,  cap.  8.  The  mofl  ancient  Hour  is  that  of  the 
1 2th  part  of  the  day.  Herodotus,  lib.  2,  obferves, 
that  the  Greeks  learnt  from  the  Egyptians,  among 
other  things,  the  method  of  dividing  the  day  into  12 
parts.  And  the  aflronomers  of  Cathaya,  See,  kill  re- 
tain this  divifion. 
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'I'he  divifion  of  the  day  into  24  hours,  was  not 
known  to  the  Roinans  before  the  Punic  w^ar.  Till 
that  time  they  only  regulated  their  days  by  the  riling 
and  fetting  of  the  fun.  They  divided  the  12  hours  of 
their  day  into  four ; viz,  Prime,  which  commenced  at 
6 o’clock,  Third  at  9,  Sixth  at  12,  and  None  at  3. 
They  alfo  divided  the  night  into  four  watches,  each 
containing  3 Plours. 

There  are  various  kinds  of  Hours,  ufed  by  chrono- 
logers,  aftronomers,  dialills,  $cc.  Sometimes  too. 

Hours  are  divided  into  Equal  and  Unequat. 

Equal  PIouRS,  are  the  24th  parts  of  a day  and  night 
precifely  ; that  is,  the  time  in  which  the  15  degrees  of 
the  equator  pafs  the  meridian.  Thefe  are  alio  called 
Equinoctial  Hours,  becaufe  meafured  on  the  equi- 
iiodlial;  and  Ailronomical,  becaufe  ufed  by  allronomers. 

Ajlronom'ical  Hours,  are  equal  Hours,  reckoned 
from  noon  to  noon,  in  a continued  feries  of  24. 

BahyJomJld  PIours,  are  equal  Hours,  reckoned  from 
fun-rife  in  a continued  feries  of  24. 

European  Hours,  ufed  in  civil  computation,  are 
equal  Houis,  reckoned  from  midnight;  12  from 
thence  till  noon,  and  12  more  from  noon  till  midniorht. 

ye-ivlJJj,  or  Planetary^  or  Ancient  PIours,  are  12th 
parts  or  the  artihcial  day  and  night.  They  are  called 
Ancient  or  Jewilh  Hours,  becaule  ufed  by  the  ancients, 
and  Hill  among  the  Jews.  They  are  called  Planetary 
Hours,  becaule  the  aftrologers  pretend,  that  a new 
planet  comes  to  predominate  every  Hour ; and  that 
the  day  takes  its  denomination  from  that  which  pre- 
dominates the  firll  Hour  of  it ; as  Monday  from  the 
moon,  &c. 

Italian  Hours,  are  equal  Hours,  reckoned  from  fim- 
fet,  in  a continued  feries  of  zx. 
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Unequal  or  Temporary  Hours,  are  12th  parts  of  the 
artificial  day  and  night.  The  obliquity  of  the  fphere 
renders  thefe  more  or  lefs  unequal  at  different  times  ; 
fo  that  they  only  agree  with  the  equal  Hours  at  the 
times  of  the  equinoxes. 

HouR-C/rrZfj,  or  Horar Y-C/Vr/ej-,  are  great  Circles, 
meeting  in  the  poles  of  the  globe  or  world,  and  croffing 
the  equinoctial  or  equator  at  right  angles ; the  fame  as 
meridians.  Th^  are  fuppofed  to  be  drawn  through 
every  15th  degree  of  the  equinoClial  and  equator,  each 
anfwering  to  an  hour,  and  dividing  them  into  24  equal 
parts  ; and  on  both  globes  they  are  fupplied  by  the 
meridian  Hour-circle  and  index. 

Hour-GA/j-,  a popular  kind  of  chronometer  or  clep- 
fydra,  ferving  to  mealure  tlm.e  by  the  defeent  or  running 
of  fand,  water.  See,  out  of  one  glafs  veffel  into  another. 
— The  bell,  it  is  faid,  are  fuch  as,  inftead  of  fand,  have 
egg-fhells,  well  dried  in  the  oven,  then  beaten  fine  and 
fiftecL 

HouR-Z/Aex,  on  a Dial,  are  lines  which  arife  from' 
the  interfeCtions  of  the  plane  of  the  Dial,  with  the 
feveral  planes  of  the  Hour-circles  of  the  fphere  ; and 
therefore  muff  be  all  right  lines  on  a plane  Dial. 

HouR-Crrz/e,  a divided  line  on  the  edge  of  Collins’s 
quadrant,  being  only  tw’O  lines  of  tangents  of  45  degrees 
each,  fet  together  in  the  middle.  Its  uie,  together 
with  the  lines  of  latitude,  is  to  dra-w  the  Hour-lines  of 
Dials  that  have  centres,  by  means  of  an  equilateral 
triangle,  drawn  011  the  dial-planes. 

PIOWITZ,  or  PIow'iTZER,  in  Artillery,  a kind  of 
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mortar,  or  fomething  between  a cannon  and  mortar^ 
partaking  of  the  nature  of  both,  being  either  a very 
fhort  gun  or  a long  mortar.  It  is  of  German  invention, 
and  is  mounted  upon  a carriage  like  a travelling  gun- 
carriage,  with  its  trunnions  placed  nearly  in  the  middle. 
The  Howitz  is  one  of  the  moft  ufeful  kinds  of  ord- 
nance, as  it  can  be  employed  occafionally  either  as  a 
cannon  or  mortar,  difeharging  either  fhells  or  grape  fiiot, 
as  w'ell  as  balls,  and  fo  doing  great  execution.  They 
are  alfo  very  eafily  travelled  about  from  jfface  to  place. 

HUMIDITY,  or  moifture,  the  powder  or  quality 
of  wetting  or  moillening  other  bodies,  and  adhering  tO' 
them. 

Fluids  are  moift  to  fome  bodies,  and  not  to  others. 
Thus,  quickfilver  is  not  moift  in  refpeCt  to  our  hands 
or  clothes,  and  other  things,  which  it  will  not  flick  to  ; 
but  it  may  be  called  Humid  in  reference  to  gold,  tin, 
or  lead,  to  the  furfaces  of  which  it  wdll  prefently  ad- 
here, and  render  them  foft  and  moift.  Even  water 
itfelf,  which  w^ets  almoft  every  thing,  and  is  the  great 
ftandard  of  moifture  and  Humidity,  is  not  capable  of 
w’etting  all  things  ; for  it  Hands  or  runs  off  in  globular 
drops  from  any  thing  greafed  or  oiled,  or  the  leaves  of 
cabbages,  and  many  other  planets  ; and  it  will  not 
wet  the  feathers  of  ducks,  geefe,  fw'ans,  and  other 
w'ater-fowl. 

HUNDRED,  the  number  of  ten  times  ten,  or  the 
fqiiare  of  10.  The  place  of  Hundreds  makes  the 
third  in  order  in  the  Arabic  or  modern  numeration, 
being  denoted  thus  100.  In  ^the  Roman  notation  it 
is  denoted  by  the  letter  C,  being  the  initial  of  its 
name.  Centum. 

Hundred  IVeight^  or  the  great  Hundred,  contains 
1 12  pounds  weight.  It  is  fubdivided  into  4 quarters, 
and  each  quarter  into  28  lbs. 

HURTERS,  in  Fortification,  denote  pieces  of  tim- 
ber, about  6 inches  fquare,  placed  at  the  lower  end  of 
the  platform,  next  jto  the  parapet,  to  prevent  the  wheels 
of  the  gun-carriages  from  damaging  the  parapet. 

HUYGENS  (Christian),  a very  eminent  aftrono- 
mer  and  mathematician,  w'as  bom  at  the  Hague  in 
Holland,  in  1629,  being  the  fon  of  Conftantine  Huy- 
gens, lord  of  Zuylichem,  wdio  had  fei*vcd  three  fucceffive 
princes  of  Orange  in  the  quality  of  fecretary.  He 
fpent  his  whole  life  in  cultivating  the  mathematics  ; 
and  not  in  the  fpeculative  way  only,  but  alfo  in  mak- 
ing them  fubfervient  to  the  ufes  of  life.  From  his  in- 
fancy he  difeovered  an  extraordinaiy  fondnefs  for  the 
m.athematics  ; in  a fnort  time  made  a great  progrefs  in 
them  ; and  perf?6led  himfelf  in  thofe  ftudies  under  pro- 
feffor  Schooten,  at  Leyden.  In  1649  went  to 
Holftcin  and  Denmark,  in  the  retinue  of  Henry  count 
of  Naffau  ; and  wuis  extremely  defirous  of  going  to 
Sweden,  to  vilit  Des  Cartes  w'-ho  was  then  in  that 
country  with  the  queen  Chriftina,  but  the  count’s  fliort 
flay  in  Denmark  would  notpermithim. — In  16-7  i hegave 
the  world  a fpecimen  of  his  genius  for  mathematics,  in 
a treatife  intitled,  Theoremata  cle  ^uadratura  Hyperboles y 
Ellipfis,  Circuli,  ex  data  Portionum  Gra-vitatis  Centro  : 
in  which  he  clearly  fliewed  what  might  be  expelled 

from  him  afterwards. In  1655  he  travelled  iiito 

PVance,  and  took  the  degree  of  I.L.D.  at  Angers. — 
In  1658  lie  publilhed  his  Horologium  Ofcillatoriumyjive 
de  Mutu  P eruhdorum y <Scc,  at  the  Hague.  He  had  ex- 
hibited 
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'kibited  in  a former  work,  intitled,  Brems  Irjiitiitio  de 
Ufii  Horologiorum  ad  inveniendas  Bcnfltiidines ^ a mode! 
of  a new  invented  pendulum  ; but  as  fome  perfons,  en- 
vious of  his  reputation,  were  labouring  to  deprive  him  of 
the  honour  of  the  invention,  he  wrote  this  book  to  ex- 
plain the  conllrudlion  of  it ; and  to  fliew  that  it  was 
very  different  from  the  pendulum  of  aflronomers  in- 
vented by  Galileo. — In  1659  he  publifhed  his  Syjlema 
Saturnimnn^  &c  | in  which  he  lirfl  of  any  one  explained 
the  ring  of  Saturn,  and  difcovered  alfo  one  of  the  fatel- 
htesbelonging  to  that  planet,  which  had  hitherto  efcaped 
the  eyes  of  aflronomers  : new  difcoveries,  made  with 
glaiTes  of  his  own  forming,  which  gained  him  a high 
rank  among  the  aflronomers  of  his  time. 

In  1 660,  he  took'adeoond  journey  into  France,  and 
the  year  after  paffed  over  into  England,  wdiere  he  com- 
municated his  art  of  poiifhing  glades  for  telefcopes,  and 
was  made  Fellow  of  the  Royal  Society.  About  this 
time  the  air-pump  was  invented,  which  received  confi- 
derable  improvements  from  him.  This  year  alfo  he  dif- 
covered the  laws  of  the  collifion  of  elaflic  bodies  ; as 
did  alfo  about  this  time  Wallis  and  Wren,  with  whom 
he  had  a difpute  about  the  honour  of  this  difcovery. 
Upon  his  return  to  France,  in  1663,  the  minifter  Col- 
bert, being  informed  of  his  great  merit,  fettled  a confi- 
derable  penfion  upon  him,  to  engage  him  to  fix  at 
Faris  ; to  which  Mr.  Huygens  confented,  and  flaid 
there  from  the  year  1666  to  1681,  where  he  was  ad- 
mitted a member  of  the  Academy  of  Sciences.  All 
this  time  he  fpent  in  mathematical  purfuits,  wu'ote  fe- 
veral  books,  which  were  publiflied  from  time  to  time, 
and  invented  and  perfected  feveral  ufeful  inflruments 
and  machines  : particularly  he  had  a difpute,  about  the 
year  1668,  with  Mr.  Jam.cs  Gregory,  concerning  the 
Quadrature  of  the  Circle  and  Hyperbola  of  the  latter, 
then  juft  publifhed,  in  which  Huygens  it  feems  had  the 
better  fide  of  the  queflion.  But  continual  application 
gradually  impaired  his  health  ; and  though  he  had 
vifited  his  native  country  twice,  viz,  in  1670  and  1675, 
for  the  recoveiy  of  it,  he  was  now  obliged  to  betake 
himfelf  to  it  altogether.  Accordingly  he  left  Paris  in 
1681,  and  retired  to  his  own  country,  where  he  fpent 
the  remainder  of  his  life  in  the  fame  purfuits  and  em- 
ployments. He  died  at  the  Flague,  June  8,  1695,  in  the 
67th  year  of  his  age,  while  his  Cojmotheoros,  or  treatife 
concerning  a plurality  of  worlds,  was  printing  ; fo  that 
this  work  did  not  appear  till  1698. 

Mr,  Huygens  loved  a quiet  and  ftudious  manner  of 
life,  and  frequently  retired  into  the  country  to  avoid 
interruption,  but  did  not  contrafl  that  morofenefs 
wFich  is  fo  commonly  the  eftefl  of  folitude  and  retire- 
ment. He  was  one  of  the  pureft  and  moll  ingenious 
mathematicians  of  his  age,  and  indeed  of  any  other  ; 
and  made  many  valuable  difcoveries.  He  was  the  firft 
who  difcovered  Saturn’s  ring,  and  a third  fatellite  of 
that  planet,  as  mentioned  above.  Fie  invented  the 
means  of  rendering  clocks  exaft,  by  applying  the  pen- 
dulum., and  of  rendering  all  its  vibrations  equal,  by 
the  cycloid.  He  brought  telefcopes  to  perfeflion,  and 
made  many  oth.,r  ufeful  difcoveries. 

He  was  the  author  of  many  excellent  works.  The 
principal  of  thefe  are  now  contained  in  two  collec- 
tions, of  2 volumes  each,  printed  in  qto,  under  the  care 
of  profeftbr  Gravelande.  The  firft  was  at  Leyden 


in  1682,  under  the  title  of  Opera  Varia  ; and  the  fec6hd 
at  Amfterdam,  in  1 728,  entitled 

HYAPjSS,  a clufter  of  5 ftars  in  the  face  of  the 
Conftellation  Taurus,  or  the  Bull. 

HYALOIDES,  the  vitreous  humour  of  the  eye 
contained  between  the  'tunica-retina  and  the  uveao 
HYBERNAL  Occident,  See  Occident, 

FIybernal  Orient,  See  Oiient, 

■HYUATOIDES,  the  watery  humour  of  the  eye 
contained  between  the  cornea  and  the  uvea. 

HYDRA,  a fouthern  conftellation,  confifting  of  3 
number  of  ftars,  imagined  to  reprefent  a water  fer- 
pent.  The  ftars  in  the  conftellation  Hydra,  in  Pto.' 
lomy’s  catalogue,  are  27  ; in  Tycho’s,  19;  in  Heve- 
lius’s,  3 I ; and  in  the  Britannic  catalogue,  60. 

HYDRAULICS,  the  fcience  of  the  motion  of 
water  and  other  fluids,  with  its  application  in  artificial 
water-works  of  all  forts. — ^As  to  what  refpefls  merely 
the  equilibrium  of  fluids,  or  their  gravitation  or 
aflion  at  reft,  belongs  to  Hydroftatics.  Upon  remov- 
ing or  deftroying  that  equilibrium,  motion  enfues  ; 
and  here  Flydraulics  commence.  Hydraulics  therefore 
fuppofe  Hydroftatics  ; and  many  writers,  from  the 
near  relation  between  them,  like  mechanics  and  ftatics, 
join  the  two  together,  and  treat  of  them  conjointly  as 
one  fcience. 

The  laws  of  Hydraulics  are  given  under  the  word 
Eluid.  And  the  art  of  raifing  water,  with  the  feveral 
machines  employed  for  that  purpofe,  are  deferibed 
under  their  feveral  names,  Fountain,  Hydrocanifterium 
Pump,  Siphon,  Syringe,  ore. 

The  principal  writers  who  have  cultivated  and  im- 
proved Hydraulics  and  Hydroftatics,  are  Archimedes, 
in  his  Libris  de  Infidentibus  Humido  ; Flero  of  Alexan- 
dria, in  his  Liber  Spiritualium ; Marimis  Ghetaldus, 
in  his  Archimedes  promotus ; Mr.  Oughtred  ; Jo. 
Ceva,  in  his  Geometria  Motus  ; Jo.  Bap.  Balianiis, 
De  Motu  Naturall  Graviiim,  Solidorum  et  Liquido- 
rum  ; Mariotte,  in  his  treatife  of  the  Motion  of  Water 
and  other  fluids  ; Boyle,  in  his  Flydroflatical  Para- 
doxes ; Fran.  Tertius  de  Lanis,  in  his  Magifterium  Na- 
turae et  Artis;  Lamy,  in  his  Traite  de  I’Equilibre 
des  Liqueurs  ; Rohault;  Dr.  Wallis,  in  his  Mechanics  ; 
Dechales  ; Newton,  in  his  Principia ; Gulielmeni,  in 
his  Menfura  Aquarum  Fluentium  ; Herman  ; Wolfius; 
Gravefande  ; Muffehenbroek  ; Leopold  ; Schottiis,  in 
his  Mechanica  Hydraulico-Pneumatica ; Geo.  Andr. 
Bockler,  in  his  Architeflura  Curiofa  Germanica  ; 
Auguft.  Rammilleis  ; Lucas  Antonius  Portius  ; Stur- 
my,  in  his  treatife  on  the  Conftruflion  of  Mills  ^ 
Switzer’s  Hydroftatics  ; Varignon,  in  the  Mem.  Acad. 
Sci. ; Jurin  ; Belidor  ; Bernoulli;  Defaguliers  ; Clare; 
Emerfon  ; Fergufon  ; Ximenes  ; BofTu  ; D’Alembert  ^ 
Buat ; &c,  &c. 

HYDRAULICO-Pneumatical,  a term  applied 
by  fome  authors  to  fuch  engines  as  raife  water  by 
means  of  the  weight  or  fpring  of  the  air. 

HYDROGRAPHICAL  Charts  or  JMapSy  more 
iifually  called  fea-charts,  are  projeflions  of  fome  part 
of  the  fea,  or  coaft,  for  the  ufe  of  navigation- 

In  thefe  are  laid  down  all  the  rhumbs  or  points  of 
the  compafs,  the  meridians,  parallels,  &c,  with  the 
coafts,  capes,  iflands,  rocks,  fhoals,  fhallows,  &c,  in 
their  proper  places,  and  proportions. 

The 
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• TliC  making  and  felling  thefe  cliarts  was  for  fome 
time  the  employment  of  Columbus,  the  firft  difcoverer 
of  America.  The  ftoiy  goes,  that  happening  to  be 
heir  to  the  memoirs  and  journals  of  one  Alon/.o 
Sanchez  de  Huelva,  a noted  pilot  and  captain  of  a 
flip,  who  by  chance  had  been  driven  by  a llorm  to 
the  iiland  of  St.  Domingo,  and  dying  at  Columbus’s 
houfe  foon  after  his  return,  this  gave  Columbus  the 
fir  ft  hint  to  attempt  a diicovery  of  the  Weft  Indies. 

For  the  couftruHion  and  life  of  the  ieveral  kinds 
of  Flydrographical  Maps,  fee  Chart,  and  Sailing. 

FIYDROL.OGY,  is  that  part  of  natural  hillory 
which  examines  and  explains  the  nature  and  properties 
of  water  in  general. 

HYDROMANCY,  tlie  act  or  art  of  divining  or 
foretelling  future  events  by  means  of  water. 

This  is  one  of  the  four  general  kinds  of  divination: 
the  other  three  refpecting  tire  other  elements,  fire,  air, 
and  earth,  are  denominated  refpedlively  pyromancy, 
acromancy,  and  geomancy. 

Varro  mentions  the  Perfians  as  the  firll  inventors  of 
Hydromancy,  adding,  that  Numa  Pompilius  and  Py- 
thagoras made  ufe  of  it. 

'Idle  writers  on  optics  furnifli  us  with  divers  Hydro- 
mantic  machines,  vefiels,  &c.  For  example, 

To  conftrueft  an  Hydromantic  machine,  by  means 
of  which  an  image  or  objedl  fliall  be  removed  out  of 
the  fight  of  the  fpedlator,  and  reftored  again  at  plea- 
fure,  without  altering  the  pofition,  either  of  the  one  or 
the  other.  Provide  two  veiTels,  ABF,  CGTK  (Plate 
12,  fig.  3),  the  uppermoft  filled  with  water,  and  fup- 
ported  by  three  little  pillars,  one  of  which  BC  is  hol- 
low, and  furnifiied  with  a cock  B.  Let  the  lower 
veffel  CL  be  divided  by  a partition  HI  into  two  parts, 
the  lower  of  which  miay  be  opened  or  clofed  by 
means  of  a cock  at  P.  Upon  the  partition  place  an 
objeef,  or  image,  which  the  fpeflator  at  O cannot  fee 
by  a diredl  ray  GL. 

If  now  the  cock  B be  opened,  the  water  defeend- 
ing  into  the  cavity  Cl,  the  ray  GI^  will  be  ref  rafted 
from  tlie  perpendicular  GR  to  O ; fo  that  the  fpefta- 
tor  will  now'  fee  the  objtft  by  the  refrafted  ray  OG. 
And  again,  fluitting  the  cock  B,  and  opening  the  other 
P,  the  water  will  defeend  into  the  lower  cavity  HL  ; 
where,  tlie  refi  action  ceafinof,  no  raws  w'ill  now'  come 
from  the  ebjeft  to  the  eye  : but  upon  fliutting  the  cock 
P,  and  opening  the  other  B,  the  w’atcr  will  fill  the 
cavity  again,  and  bring  the  objeft  in  light  of  O afrclh. 

To  make  an  Hydromantic  veffel,  which  fliall  exhi- 
bit the  images  of  external  objefts  as  if  fwimining  in 
water.  Provide  a cylindrical  vdfcl  ABCD  (tig.  4, 
pd.  12.)  divided  into  two  cavities  by  a glafs  EF,  not 
perfeftly  poliflicd  : in  G apply  a lens  convex  on  botli 
tides  ; and  in  PI  incline  a plane  mdrror,  of  an  elliptic 
figure,  to  an  angle  of  45  degrees  ; and  let  I PI  and  PICr 
be  fom.ething  Icfs  than  the  dillancc  of  the  focus  of 
the  lens  G , lb  fiiat  the  place  of  the  im.agcs  of  an  ob- 
jeft radiating  through  the  famm  may  fall  within  the 
cavity  of  tlie  upper  veffel  : let  the  inner  cavity  be  black- 
ed, and  tlie  upper  filled  wuili  clear  water. — If  now'  the 
veffel  be  difpofed  in  a dark  place,  fo  as  tlie  lens  be 
turned  towards  an  ebjeft  illuminated  by  the  fun,  its 
image  wfill  be  feen  as  fwimming  in  the  w'ater. 

blYDRCMETER,  an  inilrument  for  mieafuring 
VoL.  I. 


the  properties  and  effefts  of  water,  as  its  denfity,  gra- 
vity, force,  velocity,  &c. 

That  w'ith  which  the  fpecific  gravity  of  water  is  de-* 
termined,  is  often  called  an  aerometer,  or  water-poifci 

The  general  principle  on  wdiich  the  conllruftioiT 
and  ufe  of  the  Hydrometer  depends,  has  been  illuftrated 
under  the  article  Specific  Gravity  ; where  it  is  fliewm 
that  a body'  fpecifically  lighter  than  feveral  fluids,  will 
ferve  to  find  out  their  fpecific  gravities ; becaufe  it  will 
fink  deepeft  in  the  fluids  whofe  fpecific  gravity  is  theleaft. 
So  if  AB  (fig.  5,  pi.  12)  be  a fmall  even  glafs  tube,  her- 
metically fcaled,  having  a fcale  of  equal  divifions  marked 
upon  it,  W'ith  a hollow  ball  of  about  an  inch  in  dia- 
m.ctcr  at  bottom,  and  a fimaller  ball  C under  it,  com- 
municating with  the  'firft  ; into  the  little  ball  is  p’nt 
mercury  or  fmall  fnot,  before  the  tube  is  fealed,  fo  that 
it  may  fink  in  water  below  the  ball,  and  float  or  ftand 
upright,  the  divifions  on  tlie  ftem  fl;mwing  how  far  it 
finks. — If  this  inftrument  be  dipped  in  commion  w'ater,, 
and  fink  to  D,  it  will  fink  only  to  fome  low'er  point  E 
in  iult  water  ; but  in  port  wine  it  will  fink  to  fom^e 
higher  point  F,  and  in  brandy  perhaps  to  B. 

ft  is  evident  that  an  Hy'drometer  of  this  kind  will 
only  flicw'  that  one  liquid  is  fpecifically  heavier  than 
another  ; but  the  true  fpecific  w'cight  of  any  liquid 
cannot  be  determined  without  a calculation  for  this 
particular  inftrument,  the  tube  of  which  fhould  be  trulr 
cylindrical.  Befides,  thefe  inft rumen ts  will  not  ferve' 
for  fluids  whofe  denfities  are  much  different. 

Mr.  Clarke  conftrufted  a new  Hy'drometer,  fnewing 
whether  any  fpirits  be  proof,  or  above  or  below  proof, 
and  in  what  degree.  This  inftrument  was  made  of  a 
ball  of  copper  (becaufe  ivory'  imbibes  fpirituous  liquors, 
and  glafs  is  'apt  to  break),  to  ivhich  is  foldercd  a brafs 
wire  about  a quarter  of  an  inch  thick  ; upon  this  wire 
is  marked  the  point  to  w’hich  it  exaftly  finks  in  proof 
fpirits  ; as  alfo  two  other  marks,  one  above  and  one 
below  the  form.cr,  exaftly  anfwering  to  one-tenth  above 
proof  and  one-tenth  below  proof.  There  are  alfo  n 
number  of  fmall  w'cights  m.ade  to  add  to  it,  fo  as  to 
anfwer  to  the  other  degrees  of  ftrength  befides  thofe 
above,  and  for  determining  the  fpecific  gravities  of 
difTerent  fluids.  Philof.  Tranf.  Abr.  vol.  vi,  p.  326. 

Dr.  Defaijuliers  contrived  an  Hydrometer  for  de- 
termining  the  fpecific  gravities  of  different  waters,  to 
fuch  a degree  of  nicety,  that  it  w'onld  fhew  when  one 
kind  of  water  was  but  the  40,cocth  part  heavier  than 
another.  It  confifts  of  a hollow  glafs  ball  of  about  ^ 
inches  in  diameter,  charged  with  fhot  to  a proper  de- 
gree, and  having  fixed  in  it  a long  and  very  fiender 
wire,  of  only  the  40th  part  of  an  inch  in  diameter, 
and  divided  into  tenths  of  inches,  each  tenth  anfwering 
to  the  40,oocth  part,  as'above.  See  his  Exper.  Philof. 
vol.  2,  p.  234. 

Mr.  (^lin  and  other  perfons  have  alfo  conftrufted 
Hydrometers,  with  other  and  various  contrivances, 
and  with  difl'erent  degrees  of  accuracy  ; but  all  near- 
ly on  the  fame  general  principles. 

But  there  is  one  circumftance  which  deferves particu- 
lar attention  in  the  conftruftion  and  graduation  of  Hy- 
drometers, for  determining  the  precife  ftrength  of  dif- 
ferent braudies,  and  other  fpirituous  liquors.  Mr, 
Reaumur  difeovered,  in  making  his  fpirit  thermome- 
ters, that  when  reftifitd  fpirit  and  water,  or  phlegm, 
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the  other  coiiHitnent  part  of  brandy,  are  mixed  to- 
gether, there  appears  to  be  a mutual  penetration  cf  the 
two  liquors,  and  not  merely  juxtapofition  of  parts  ; fo 
that  a part  of  the  one  fluid  feems  to  be  received  into 
the  pores  of  the  other ; by  which  it  happens,  that  if 
a pint  of  redtified  fpirit  be  added  to  a pint  of  water, 
the  mixture  will  be  fenfibly  lefs  than  a quart.  The  va- 
riations hence  produced  in  the  bulk  of  the  mixed  fluid 
render  the  Hydrometer,  when  graduated  in  the  ufual 
way  by  equal  divifions,  an  erroneous  meafure  bf  its 
llrength  ; becaiife  the  fpeciflc  gravity  of  the  compound 
is  found  not  to  correfpond  to  the  mean  gravity  of  the" 
two  ingredients-  M.  Montigny  conftrudled  a fcale 
for  this  inflrurnent  in  the  manner  before  fuggeiled  by 
.Dr.  Lewis,  on  adlual  obfervation  of  the  linking  or 
riling:  of  the  Kvdrometer  in  various  mixtures  of  alco- 
hoi  and  water,  made  in  certain  known  proportions. 
Hill,  de  I’Acad.  Roy.  des  Sci.  1768;  aifo  Neumann’s 
Chem.  by  Lewis,  p.  450,  note  r. 

M.  De  Luc  has  lately  publiflied  a fcheme  for  the 
conflrudtion  of  a comparable  Hydro mieter,  fo  that  a 
workman,  after  having  conflraffed  one  upon  his  prin- 
ciples, may  make  all  others  fimilar  to  each  other,  and 
capable  of  indicating  the  fame  degree  on  the  fcale,  when 
immerfed  in  the  fame  liquor  of  the  fame  temperature. 
This  inftrument  is  propofed  to  be  conflrudfed  of  a ball 
of  flint  glafs,  communicating  with  a fmall  hollow  cylin- 
der, containing  fucli  a qiiaatity  of  qiiickfllver  for  a 
ballaft,  that  the  inftrument  may  fink  nearly  to  the  top, 
in  the  moft  fpirituous  liquor,  made  as  hot  as  poftible; 
to  which  is  alfo  attached  a thin  filvered  tube,  for 
a fcale,  &c.  The  whole  defeription  may  be  feen  at 
large  in  the  Philof.  Tranf.  vol.  68,  p.  500. 

M.  Le  Roi  alfo  publiflicd  a propofal  for  conftrudting 
comparable  Hydrometers.  See  Hift.  de  PAcad.  des 
Scien.  for  1770,  Mem.  7. 

HYDROMETRIA,  Hydrometry,  the  menfura- 
tion  of  water  and  other  fluid  bodies,  their  gravity, 
force,  velocity,  quantity,  &c  ; including  both  hydrofta- 
tics  and  hydraulics. 

HYDROSCOPE,  an  inftrument  anciently  ufed  for 
the  meafure  of  time.  It  was  a kind  of  water-clock, 
confifting  of  a cylindrical  tube,  conical  at  bottom  ; the 
cylinder  was  graduated  with  divifions,  to  which  the 
top  of  the  water  becoming  fucceflively  contiguous,  as 
it  trickled  out  of  the  vertex  of  the  cone,  pointed  out 
the  hour. 

HYDROSTATICAL  Balance,  a kind  of  balance 
contrived  for  the  exadt  and  eafy  finding  the  fpecific 
gravities  of  bodies,  both  folid  and  fluid,  and  thereby 
of  eftimating  the  degree  of  purity  of  bodies  of  »11 
kinds,  with  the  quality  and  richnefs  of  metals,  ores, 
minerals,  &c,  and  the  proportions  in  any  mixture,  adul- 
teration, or  the  like. 

This  is  effedled  by  weighing  the  body  both  in  wa- 
ter, or  other  fluidj^  and  out  of  it  ; and  for  this  purpofe 
. one  of  the  fcales  has  ufually  a hook  at  the  bottom,  for 
fufpending  the  body  by  fome  very  fine  thread.  And 
the  ufe  of  the  inftrument  is  founded  on  this  theorem 
of  Archimedes,  that  any  body  weighed  in  water,  lofes 
as  much  of  its  weight  as  is  equal  to  the  weight  of  the 
fame  bulk  of  the  water.  Thus  then  is  known  the  pro- 
portion of  the  fpecific  gravities  of  the  folid/and  fluid,  or 
the  proportion  of  their  weights  under  the  fame  bulk, 


viz,  the  proportion  of  the  weight  of  the  body  weighed 
out  of  water,  to  the  difference  between  tlie  fame  and  its 
weight  in  v/ater.  Hence  alfo,  by  doing  the  fame  thing 
for  fever al  different  folids,  with  the  fame  fluid,  or  dif- 
ferent fluids  with  the  fame  folid,  all  their  fpecific  gra- 
vities become  known. 

The  inftrument  needs  but  little  defeription.  AB  ii 


a nice  balance  beam,  with  its  fcales  C and  D,  turning 
with  the  fmall  part  of  a grain,  the  one  of  them,  D, 
having  a hook  in  the  bottom,  to  receive  the  loop  of  a 
horfe  hair  &c,  E,  by  which  the  body  F is  fiifpended. 
GH  is  a jar  of  water,  in  which  the  body  is  immerfed 
v^hen  weighing. 

The  pieces  in  the  fcale  C denote  the  v/eight  of  the 
body  out  of  water;  then,  upon  immerging  it,  put  weights 
in  the  fcale  D to  reftore  the  balance  again,  and  they 
will  fhew  the  fpecific  gravity  of  the  body. 

There  have  been  various  kinds  of  the  Hydroftatical 
balance,  and  improvements  made  on  it,  by  different 
perions.  Thus,  Dr.  Defaguliers  fet  three  ferews  in  the 
foot  of  th,e  ftand,  to  move  any  fide  higher  or  lower, 
till  the  ftem  be  quite  upright,  which  is  known  by  a 
plum.met  hanging  over  a fixed  point  in  the  pedeftal. 
Defag.  Exp.  Philof.  vol.  2,  p.  196.  And  for  fundry 
other  conftrudtions  of  this  inftrument,  defigned  for 
greater  accuracy  than  the  common  fort,  fee  Martin’s 
Phil.  Britan,  or  Gravefande’s  Fhyfices  Elem.  Math, 
tom.  I,  lib.  3,  cap.  3,  &c. 

The  fpecific  gravities  of  fmall  weights  may  be  de- 
termined by  fufpending  them  in  loops  of  horfe  hair,  or 
fine  filken  threads,  to  the  hook  at  the  bottom  of  the 
fcale.  Thus,  if  a guinea  fufpended  in  air  weigh  129 
grains,  and  upon  being  immerfed  in  water  require  71- 
grains  to  be  put  in  the  fcale  over  it,  to  reftore  the 
equilibrium ; we  thus  find  that  a quantity  of  water  of 
equal  bulk  with  the  guinea,  weighs  7!  grains,  or  7 '2  ; 
therefore  dividing  the  129  by  the  7*2,  the  quotient 
i7‘88  fhews  that  the  guinea  is  fo  many  times  heavier 
than  its  bulk  of  water.  Whence,  if  any  piece  of  gold 
be  tried,  by  v/eighing-  it  firft  in  air,  then  in  water, 
and  if,  upon  dividing  the  weight  in  air  by  the  lofs  in 
water,  the  quotient  be  17*88,  the  gold  is  good  ; if  the 
quotient  be  1 8 or  more,  the  gold  is  more  fine  ; but  if  it 
be  lefs  than  17*88,  the  gold  is  too  much  alloyed  with 
other  metal.  If  filver  be  tried  in  the  fame  manner, 
and  found  to  be  1 1 times  heavier  than  water,  it  is  very 
fine  ; if  it  be  loi  times  heavier,  it  is  ftandard ; but  if 
lefs,  it  is  mixed  with  fome  lighter  metal,  luch  as  tin. 

When  the  body,  whofe  fpecific  gravity  is  fought,  is 
lighter  than  water,  fo  that  it  will  not  quite  fmk  ; annex 
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to  it  a piece  of  anpther  body  heavier  than  water,  fo  that 
the  mafs  compounded  of  the  two  may  fmk  together. 
Weigh  the  denfer  body,  and  the  compound  mafs,  fe- 
parately,  both  in  water  and  out  of  it,  thereby  finding 
how  much  each  lofes  in  water ; and  fubtradt  the  ieis 
of  thefe  two  Ioffes  from  the  greater  ; then  fay. 

As  the  remainder 

is  to  the  weight  of  the  light  body  lA  air, 
fo  is  the  Ipecilic  gravity  of  water 
to  the  fpecific  gravity  of  the  light  body. 

HYDROSTATICAL  Bellowsy  a machine  for 
(hewing  the  upward  preffure  of  fluids 
and  the  Hydroflatical  paradox.  It 
confifts  of  two  thick  --boards,  A,  D, 
each  about  i6  or  i8  inches  dia- 
meter, more  or  lefs,  covered  or  con- 
nedled  firmly  wath  leather  round  the 
edges,  to  open  and  fhut  like  a com- 
mon bellows,  but  without  valves;  only 
a pipe,  B,  about  3 feet  high  is  fixed 
into  the  bellows  at  Cj  Now  let  water 
be  poured  into  the  pipe  at  C,  and  it 
will  run  into  the  bellows,  gradually 
feparating  the  boards,  by  railing  the 
upper  one.  Ti  hen  if  feveral  weights, 
as  three  hundred  weights,  be  laid  upon 
the  upper  board,  by  pouring  the  water 
in  at  the  pipe  till  it  be  full,  it  will  fuflain  all  the  weights, 
though  the  water  in  the  pipe  fhould  not  weigh  a quarter 
of  a pound  ; for  the  pipe  or  tube  may  be  as  fmall  as 
we  pleafe,  provided  it  be  but  long  enough,  the  wBole 
effeft  depending  upon  the  height,  and  not  at  all  on  the 
■w'idth  of  the  pipe  ; for  the  proportion  is  always  this. 
As  the  area  of  the  orifice  of  the  pipe 
is  to  the  area  of  the  bellows  board, 
fo  is  the  weight  of  water  in  the  pipe 
to  the  weight  it  will  fuflain  on  the  board. 

Hence  if  a man  Hand  upon  the  upper  boapJ,  and 
blow  into  the  pipe  B,  he  will  raife  himfelf  upon  the 
board  ; and  the  fmaller  the  pipe,  the  eafier  he  will  be 
able  to  raife  himfelf ; and  then  by  putting  liis  finger 
upon  the  top  of  the  pipe,  he  can  fupport  himfelf  as 
long  as  he  pleafes,  provided  the  bellows  be  air-tight. 

Mr.  Fergufon  lias  deferibed  another  machine,  which 
may  be  fubflituted  inflead  of  this  common  Hydrofla- 
tical bellows.  It  is  however  on  the  fame  principle  of 
the  Hydroflatical  paradox  ; and  may  be  feen  in  the 
Supplement  to  his  Ledlures,  p*  19. 

HYDROSTATICAI^  Paradox,  is  a principle  in 
Hydroflatics,  fo  called  bccaufe  it  has  a paradoxical  ap- 
pearance at  firfl  view,  and  it  is  this  ; that  any  quantity 
of  water,  or  other  fluid,  how  fmall  foever,  may  be 
made  to  balance  and  fupport  any  quantity,  or  any 
\veight,  how  great  foever.  This  is  partly  illuflraced 
in  the  lad  article,  on  the  Hydroflatical  bellows,  where 
it  appears  th.at  any  weight  whatever  may  be  blown  up 
and  fupported  by  the  breath  from  a perfon’s  mouth. 
And  the  principle  may  be  explained  as  folio w^s  : It  is 
w'-ell-known  that  water  in  a pipe  or  canal,  open  at  both 
ends,  ahvays  rifes  to  the  fame  height  at  both  ends, 
whether  thofe  ends  be  w'ide  or  narrowq  equal  or  un- 
equal. Thus,  the  fmall  pipe  GH  being  clofe  joined 
to  another  open  veffel  AI,  of  any  fizc  whatever ; then 


pouring  water  into  the  one  of  thefe,  it  will  rife  up  in  the 
other,  and  Hand  at  the  fame  height,  or  horizontal  -line 
DF  in  both  of  them,  and  that  whether  they  arc  upright, 
or  inclined  in  any  pofition.  So  that  all  the  water  that 
is  in  the  large  veffel  from  A to  I,  is  fupported  by  that 
which  is  in  the  fmall  veffel  from  D to  I only.  And 
as  there  is  no  limit  to  this  latter  one,  but  that  it  may 
be  made  as  fine  even  as  a hair,  it  hence  evidently  appears 
that  any  quantity  of  water  may  be  thus  fupported  by 
any  other  the  fmalleH  quantity. 
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Since  then  the  preffure  of  fluids  is  direcftly  as  their 
perpendicular  heights,  without  any  regard  to  their 
quantities,  it  appears  that  -wTatever  the  figure  or  fize 
of  the  veffels  may  be,  if  they  arc  but  of  equal  heights, 
and  the  areas  of  their  bottoms  equal,  the  preffures  of 
equal  heights  of  water  are  equal  upon  the  bottoms  of 
thefe  vefl'els  ; even  though  the  one  fhould  contain  a 
thoufand  or  ten  thoufand  times  as  much  as  the  other. 

Mr.  Fergufon  confirms  and  illuHrates  this  paradox 
by  the  followu’ng  experiment. 


Let  two  veffels  be  prepared  of  equal  heights,  but 
very  unequal  contents,  fuch  as  AB  and  CD  ; each 
veffel  being  open  at  both  ends,  and  their  bottoms  E and 
F of  equal  widths.  Let  a brafs  bottom  G and  H be 
exa6lly  fitted  to  each  veffel,  not  to  go  into  it,  but  for 
it  to  Hand  upon  ; and  let  a piece  of  wtt  leather  be  put 
4 I 2 between 
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’between  eacK  aiul  its  brafs  bottom,  for  tlie  fake 
of  clofeneik  Join  each  bottom  to  its  veifel  by  a hinge 
D,  fo  that  it  may  open  like  the  lid  of  a box  ; and  let 
each  bottom  be  kept  up  to  its  veffel  by  equal  weights 
W,  hung  to  lines  which  go  over  the  pulleys  P,  whofe 
blocks  are  fixed  to  the  fides  of  the  veffel  at  fy  and  the 
lines  tied  to  hooks  at  dy  fixed  in  the  brafs  bottoms  op- 
polite  to  the  hinges  D.  Things  being  thus  prepared 
-and  fitted,  hold  one  velTel  uprigiit  in  the  hands  over  a 
bafon  on  a table,  and  caufe  water  to  be  poured  (lowly 
into  it,  till  the  prelTurc  of  the  water  bears  down  its 
bottom  at  the  fde  dy  and  raifes  the  weight  E ; and 
tlien  part  of  the  water  will  run  out  at  d.  hlark  the 
height  at  which  the  furface  H of  the  Y^ater  flood  in 
the  vefTel,  wlien  the  bottom  began  to  g;ive.  way  at  d ; 
and  then,  holding  up  the  ptlier  veffel  in  the  fame  man- 
ner, caufe  water  to  be  poured  into  it  ; and  it  will  be 
feen  that  when  the  water  riles  in  this  vefkl  jkifl  as  high 
as  it  did  in  the  former,  its  bottom  will  alfo  give  way  at 
dy  and  it  will  lofe  part  of  the  water. 

The  natural  reafon  of  this  furprifing  phenomenon  is, 
that  f nee  all  parts  of  a fluid  at  equal  depths  below  the 
furface,  are  equally  prefed  in  all  manner  of  diredlions, 
the  water  immediately  below  the  fixed  part  By’  will  be 
prefied  as  much  upward  agaluft  its  lower  furface  within 
the  veffel,  by  the  action  of  the  column  Ay,  as  it  would 
be  by  a column  of  the  fame  height,  and  of  any  diame- 
ter whatever  ; and  therefore,  f nee  a6lion  and  readlion 
are  equal  and  contrary  to  each  other,  the  water  imme- 
diately below  the  furface  Yif  will  be  preffed  as  much 
downward  by  it,  as  if  it  were  immediately  touched  and 
preffed  by  a column  of  the  height  Ay,  and  of  the  dia- 
meter ; and  therefore  the  water  in  the  cavity  JjDdf 
will  be  preffed  as  much  downward  upon  its  bottom  G, 
as  the  V'^ttom  of  the  other  veffel  is  preffed  by  all  the 
water  above  it.  Ledtures,  p.  icy. 

HYDROSTATICS,  is  the  fcience  which  treats  of 
the  nature,  gnavity,  preffure,  and  equilibrium  of  fluids; 
and  of  the  weighing  of  folids  in  them. 

That  part  of  the  fcience  of  finlds  which  treats  of 
their  motions,  being  included  under  the  head  of  Hy- 
draulics. 

Hydroffatics  and  hydraulics  togetlier  conilltiite  a 
branch  of  philofophy  that  is  juflly  confidered  as  one  of 
the  moil  curious,  ingenious,  and  iifeful  of  any  ; af- 
fording theorems  and  phenomena  not  only  of  the  hril 
life  and  importance,  but  alfo  furprifingly  amufing  and 
pieafant  ; as  appears  in  the  numberlefs  writings  upon 
the  fubjedt ; the  principal  points  of  which  may  be  found 
under  the  feveral  particular  articles  of  this  work' ; and 
the  chief  writings  on  this  fcience  may  be  feen  under  the 
article  Hydraulics. 

EIYDRUS,  or  Water  Serpent y one  of  the  new  fouth- 
ern  conflcllatlons,  including  only  ten  flars. 

HYEMAE  Soljiicey  the  fame  with  Winter  Solfliee. 
See  Solstice. 

HYGROMETER,  or  Hygroscope,  or  Notio- 
»iETER,  an  inftrument  for  meafuring  the  degrees  of 
molflure  in  the  air. 

There  are  various  kinds  of  Hygrometers  ; for  what- 
ever body  either  fwells  by  moifture,  or  (lirinks  by  dry- 
nefs,  is  capable  of  being  formed  into  an  Hygrometer. 
Such  are  woods  of  moil  kinds,  particularly  deal,  afli, 
poplar,  &c.  Such  alfo  is  catgut,  the  beard  of  a wild 
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oat,  and  twilled  cord,  kc.  The  b^ff  and  moff  ufual 
contiivances  for  this  purpoie  are  as  follow. 


t.  Stretch  a common  cord,  or  a fiddle-firing,  ABD 
along  a wall,  paffing  it  over  a pulley  B ; fixing  it  at 
one  end  A,  and  to  the  other  end  hanging  a v/eight  E, 
can-ying  a ffyle  or  index  F.  Againff  the  fame  wall 
fit  a plate  of  metal  HI,  graduated,  or  divided  into 
any  number  of  equal  parts  ; and  tlie  Hygrometer  is 
comiplete. 

For  it  is  matter  of  confiant  obfervation,  that  moifture 
fenfibly  flaortens  eords  and  (Irings  ; and  that,  as  the 
moifture  evaporates,  they  return  to  their  former  length 
again.  The  like  may  be  faid  of  a fiddle-ftnng  : and 
from  hence  it  happens  that  fuch  ftrings  are  apt  to  break 
in  damp  weather,  if  they  are  not  flackened  by  the 
ferews  of  the  violin.  Hence  it  follows,  that  the  wmight  E 
wiliafeend  when  the  air  is  moremcift,  and  defeend  again 
when  It  becomes  drier.  By  v/hich  means  the  index  F 
will  be  carried  up  and  down,  and,  by  pointing  to  the  fe- 
veral dlwilions  on  tlie  fcale,  will  ftiew  the  degrees  of 
moifture  or  drynels. 

2.  Or  thus,  for  a more  fenftble  and  a,ccurate  Hygro-< 


meter  : drain  a whipcord,  or  catgut,  over  feveral  puB 
leys  B,  C,  D,  E,  F ; and  proceed  as  before  for  the 
reft  of  the  conftrudtion.  Nor  does  it  matter  whether 
the  feveral  parts  of  the  cord  be  parallel  to  the  horizon, 
as  expreffed  in  the  annexed  figure,  or  perpendicular 
to  the  fame,  or  in  any  other  pofition  ; the  advantage 
of  this,  over  the  former  method,  being  merely  the 
having  a greater  length  of  cord  in  the  fame  compafs  ; 
for  the  longer  the  cord,  the  greater  is  the  contradlion 
and  dilatation,  and  confequently  the  degrees  of  varia- 
tion of  the  index  over  the  fcale,  for  any  given  change 
of  Rioiflure  in  the  air. 

3.  Ov 
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Or  thus:  ^Fallen  a twifted 
cord,  or  fiddle-ftring,  AB,  by  one 
end  at  A,  fuftairdng  a weight  at  B, 
carrying  an  index  C round  a circu- 
lar fcale  DE  deferibed  on  a hori- 
zontal board  or  table. For  a 

cord  or  catgut  twills  itfelf  as  it 
moiftens,  and  untwiils  again  as  it 
dries.  Hence,  upon  an  inertafe  or 
decreafe  of  the  humidity  of  the  air, 
the  index  will  fuew'  the  quantity  of 
twiilincr  or  untwiflina-,  and  confe- 
quently  the  increafe  or  decreafe  of 
moiflure  cr  drynefs. 

4.  Thofe  Dutch  toys,  called  weather  houfes,  v/here 
a fmall  image  of  a man,  and  one  of  a woman,  are  fixed 
upon  the  ends  of  an  index,  are  conftruCLcd  upon  this 
principle.  For  the  index,  being  fuftained  by  a cord 
or  twilled  catgut,  turns  backwards  and  forwards, 
bringing  out  the  man  in  wet  weather,  and  the  v/o- 
man  in  dry. 

5.  Or  thus  : Fallen  one  end  of 
a cord,  or  catgut,  AB,  to  a hook 
at  A ; and  to  the  other  end  a 
ball  D of  about  one  pound  v;eight ; 
upon  which  draw  two  concentric 
circles,  and  divide  them  into  any 
number  of  equal  parts,  for  a fcale; 
then  fit  a ftyle  or  index  EC  into  a 
proper  fupport  at  E,  fo  as  the  ex- 
tremity C may  almoll  touch  the 

divffions  of  the  ball. Here  the 

cord  twillinof  or  unt willing,  as  in 
the  former  cafe,  will  indicate  the 
change  of  moiflure,  by  the  fuccef- 
five  application  of  the  divifions  of 
the  circular  fcale,  as  the  b?dl  turns 
round,  to  the  index  C. 

6.  Or  an  Hygrometer  may  be 
made  of  the  thiu  boards  of  afh  or 
fir,  by  their  fwelling  or  contract- 
ing. But  this,  and  all  the  other 
kinds  of  this  inflrument,  above 
deferibed,  become  in  time  fenfibly 
lefs  and  lefs  accurate  ; till  at  lafl  they  lofe  their  effedl 
entirely,  and  fuffer  no  alteration  from  the  weather. 
But  the  following  fort  is  much  more  durable,  ferviiUT 
for  many  yeai'S  with  tolerable  accuracy. 


7.  Take  the  Manofeope,  deferibed  under  that  articlcy 
and  inflead  of  the  exhaufled  ball  E,  fubflitute  a fponge, 
or  other  body,  that  eafily  imbibes  moiflure.  To  prepare 
the  fponge,  it  -may  be  proper  firfl  to  wafh  it  in  water 


] 

very  clean  ; and,  when  dry  again,  in  water  or  vinegar  in 
wdiich  there  has  been  diffolved  fal  ammoniac,  or  fait  of 

tartar  ; after  which  let  it  dry  again. Now,  if  the 

air  become  moifl,  the  fponge  will  imbibe  it  and  grow 
heavier,  and  confeqiiently  will  preponderate,  and  turrv 
the  index  towards  C ; on  the  contrary,  when  the  air 
becomes  drier,  the  fponge  becomes  liglitcr,  and  the 
index  turns  towards  A ; and  thus  fnewing  the  flate  of 
the  air. 

8.  In  the  lafl  mentioned  Elygrometer,  Mr.  Gould, 
in  the  Pliilof.  Tranf.  inflead  of  a fpenge,  recommends 
oil  of  vitriol,  which  grows  fenfibly  lighter  or  heavier 
from  the  degfees  of  moiflure  in  the  air  ; fo  that  being 
faturated  in  the  moillefl  weather,  it  afterwards  retains 
or  lofcs  its  acquired  weight,  as  the  air  proves  more  or 
lefs  moifl.  Tire  alteration  in  this  liquor  is  fo  great, 
that  in  tlie  fpace  of  57  days  it  has  been  known  to 
change  its  weight  from  3 drachms  to  9 ; and  has  ftrifted 
a tongue  or  index  of  a balance  30  degrees.  So  that  in 
this  way  a pair  of  fcales  may  afford  a very  nice  H)'gro- 
meter.  The  fame  author  fuggefls,  that  oil  of  fulphur 
or  campanam,  or  oil  of  tartar  per  deliquium,  or  the 
liquor  of  fixed  nitre,  might  be  ufed  inflead  of  the  oil  of 
vitriol. 

9.  This  balance  may  be  contrived  in  two  ways  ; by 
either  having  the  pin  in  the  middle  of  the  beam,  with  a 
flender  tongue  a foot  and  a half  long,  pointing  to  the 
divifions  on  an  arched  plate,  as  reprefented  in  the  lafi 
figure  above.  Or  the  fcale  with  the  liquor  may  be  hung 
to  the  point  of  the  beam  near  the  jnn,  and  the  other 


extremity  made  fo  long,  as  to  di^fcribe  a large  arch  on 
a board  placed  for  the  purpoie  ; as  in  tlie  figure  here 
annexed. 

10.  Mr.  Ardcron  has  propofed  fome  improvement  in 
the  fponge  Hygrometer.  Fie  dkedls  the  fponge  A.  to: 


be  fo  cut,  as  to  contain  as  large  a ffiperficies  as  pofTible^ 
and  to  hang  by  a fine  thread  of  filk  upon  the  beam  of  a 

balance 
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balance  B,  and  exacUy  balanced  on  tlie  other  fide  by 
aziotlier  tlnead  of  hlk  at  1),  lirung  with  the  fmallell 
lead  Ihot,  at  equal  dillances,  fo  adjuftcd  as  to  caiife  an 
index  £ tf)  point  at  G,  the  middle  of  a graduated  arch 
FG  H j v/hen  the  air  is  in  a middle  (late  between  the 
great  ell  moifture  and  the  greateil  drynefs.  Under  this 
lilk  fo  iirung  with  (liot,  is  placed  a little  table  or  flielf 
I,  for  tiiat  part  ox  the  iilk  or  fliot  to  reft  upon  which  is 
not  fufpended.  When  the  moifture  imbibed  by  the 
fponge  increafes  its  weighty  it  will  raife  the  index, 
with  part  of  the  (hot,  from  the  table,  and  vice  verfa 
when  the  air  is  dry,  Philof.  Tranf.  vol.  44,  p.  96. 

11.  From  a feries  of  Hygrofcopical  obfervations, 
made  with  an  apparatus  of  deal  wood,  deferibed  in  the 
Philof.  Tranf.  number  480,  Mr.  Corners  concludes, 
I ft,  That  the  wood  fixrinks  moft  in  fummer,  and  fwells 
moil  in  v/inter,  but  is  moft  liable  to  change  in  the 
fpiing  and  fail.  2d,  That  this  motion  happens  chiefly 
ir.  the  day  time,  there  being  fcarce  any  variation  in  the 
night.  3d,  That  there  is  a motion  even  in  dry  wea- 
ther, the  wood  fwelling  in  the  morning,  and  flirinking 
in  the  afternoon.  4th,  That  the  wood,  by  night  as 
well  as  by  day,  ufuaily  flirinks  when  the  wind  is  in  the 
north,  north-eaft,  and  eaft,  both  in  fummer  and  win- 
ter, 5 th,  That  by  conftant  obfervation  of  the  motion 
and  reft  of  the  wood,  with  the  help  of  a thermometer, 
the  direction  of  the  wind  may  be  told  nearly  without  a 
weather-cock.  He  adds,  that  even  the  time  of  the 
year  may  be  known  by  it  ; for  in  fpring  it  moves  more 
and  quicker  than  in  winter ; in  fummer  it  is  more 
ihrunk  than  in  fpring  ; and  has  lefs  motion  in  autumn 
than  in  fummer. 

See  an  account  of  a method  of  conftrudting  thefe 
and  other  Hygrometers,  in  Phil.  Tranf,  Abr.  vol.  2, 
p.  30,  8cc,  and  plate  i annexed.  See  alfo  Philof.  Tranf. 
vol.  II.  p.  647  and  715,  vol.  15,  p.  1032,  vol.  43, 
p.  6,  vol.  44,  p.  95,  169  and  184,  voF  54,  p.  259, 
vol.  61,  p.  198,  vol.  63,  p.  404,  &c. 

12.  Dr.  Hook’s  Hygrometer  was  made  of  the  beard 
of  a wild  oat,  fet  in  a fmall  box,  with  a dial  plate 
and  an  index.  See  his  Micrographia,  p.  150. 

13.  The  D oPcors  Hales  and  Defaguliers  both  con- 
trived another  form  of  fponge  Hygrometer,  on  this 
principle.  They  made  an  horizontal  axis,  having  a fmall 


part  of  its  length  cylindrical,  and  the  remainder  taper- 
ing conically  with  a fpiral  thread  cut  in  it,  after  the 
manner  of  the  fuzee  of  a watch.  The  fponge  is  fuf- 
pended by  a fine  fiik  thread  to  the  cylindrical  part  of 
the  axis,  upon  which  it  winds.  This  is  balanced  by  a 
fmall  weight  W,  fufpende^  alfo  by  a thread,  which 


winds  upon  the  fpiral  fuzee.  Then  when  the  fponge 
grows  heavier,  in  moift  weather  ; it  defeends  and  turns 
the  axis,  an'd  fo  draws  up  the  weight,  which  coming  to 
a thicker  part  of  the  axis  it  becomes  a balance  to  the 
fponge,  and  its  motion  is  (hewn  by  an  attached  fcale. 

And  vice  verfa  when  the  air  becomes  drier. Salt  of 

tartar,  or  any  other  fait,  or  pot  allies,  may  be  put  into 
the  fcale  of  a balance,  and  iifed  inftead  of  the  fponge. 
Defag.  Exper.  Philof.  vol.  2,  p.  300. 

14.  Mr..  Fergufon  made  an  Hygrometer  of  a thin 
deal  pannel  ; and  to  enlarge  the  fcale,  andfo  render  its 
variations  more  fenfible,  he  employed  a wheel  and  axle, 
making  one  cord  pafs  over  the  axle,  which  turned  a 
wheel  ten  times  as  h^rge,  over  which  pafled  a line  v/ith 
a weight  at  the  end  of  it,  whofe  motion  was  therefore 
ten  times  as  much  as  that  of  the  deal  pannel.  Th^ 
board  fliould  be  changed  in  3 or  4 years.  See  Philof. 
Tranf.  vol.  54,  art.  47. 

17.  Mr.  Smeaton  gave  alfo  an  ingenious  and  elabo- 
rate conftrudtion  of  an  Hygrometer  ; which  may  be 
feen  in  the  Philof.  Tranf.  vol.  61,  art.  24. 

16.  Mr.  De  Luc’s  contrivance  for  an  Hygrometer 
is  very  ingenious,  and  on  this  principle.  Finding  that 
even  ivory  fwells  with  moifture,  and  contracts  with 
drynefs,  he  made  a fmall  and  very  thin  hollow  cylinder 
of  ivory,  open  only  at  the  upper  end,  into  which  is 
fitted  the  under  or  open  end  of  a very  fine  long  glafs 
tube,  like  that  of  a thermometer.  Into  thefe  is  intro- 
duced fome  quickfilver,  filling  the  ivory  cylinder,  and 
a fmall  part  of  the  length  up  the  glafs  tube.  The  con- 
fequence  is  this  : when  moifture  fwells  the  ivory  cylin- 
der, its  bore  or  capacity  grows  larger,  and  confequently 
the  mercury  finks  in  the  fine  glafs  tube  ; and  vice 
verfa,  when  the  air  is  drier,  the  ivory  contradfcs,  and 
forces  the  mercury  higher  up  the  tube  of  glafs.  It  is 
evident  that  an  inftrument  thus  conftru6led  is  in  fa6l 
alfo  a thermometer,  and  muft  neceflarily  be  affedled  by 
the  vicifiitudes  of  heat  and  cold,  as  well  as  by  thofe  of 
drynefs  and  moifture  ; or  that  it  muft  a6l  as  a thermo- 
meter as  well  as  an  Hygrometer.  The  ingenious  con- 
trivances in  the  llrudlure  and  mounting  of  this  inllru- 
ment  may  be  feen  in  the  Philof.  Tranf.  vol.  63,  art.  38  ; 
where  it  may  be  feen  how  the  above  imperfection  is  cor- 
reCled  by  fome  fimple  and  ingenious  expedients,  em- 
ployed in  the  original  conftru6lion  and  fubfequent  ufe  of 
the  inftrument  ; in  confequence  of  which,  the  varia- 
tions in  the  temperature  of  the  air,  though  they  pro- 
duce their  full  effeCts  on  the  inftrument,  as  a thermo- 
meter, do  not  interfere  with  or  embarrafs  its  indications 
as  an  Hygrometer. 

17.  In  the  Philof.  Tranf.for  179I)  Mr.  De  Luc  has 
given  a fecond  paper  on  Hygrometry.  This  has  been 
chiefly  occafionedby  a Memoir  of  M.  de  Saufliire  on 
the  fame  fubjeCt,  entitled  Efiais  fur  PHygrometrie, 
in  4to,  1783.  In  this  w’^ork  M.  de  S.  deferibes  a new 
Hygrometer  of  his  conftruCtion,  on  the  following  prin- 
ciple. It  is  a knowm  faCl  that  a hair  will  ft  retch  when 
it  is  moiftened,  and  contraCl  when  dried  : and  M.  de 
Saufliire  found,  by  repeated  experiments,  that  the  dif- 
ference between  the  greateft  extenlion  and  contraClion, 
when  the  hair  is  properly  prepared,  and  has  a weight 
of  about  3 grains  fufpended  by  it,  is  nearly  one  40th 
of  its  ivhole  length,  or  one  inch  in  40.  This  circum- 
ftance  fuggefted  the  idea  of  a new  Hygrometer.  To 
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render  thefe  fmall  variations  of  the  length  of  the  hair 
perceptible,  an  apparatus  was  contrived,  in  which  one 
ol  the  extremities  of  the  hair  is  fixed,  and  the  ether, 
bearing  the  counterpoife  abovementioned,  farrounds  the 
circumference  of  a cylinder,  w'hich  turns  upon  an  axis 
to  which  a hand  is  adapted,  marking  upon  a dial  in 
large  divifions  the  almofl;  infenfible  motion  of  this  axis. 
About  12  inches  high  is  recommended  as  the  moft  con- 
venient and  ufeful  : and  to  render  them  portable,  a con- 
trivance is  added,  by  which  the  hand  and  the  coimter- 
poiie  can  be  occafionally  fixed. 

But  M.  de  Luc,  in  his  Id^s  fur  la  Meteorologie,  vol. 
I,  anno  1786,  fliews  that  hairs,  and  all  the  other  animal 
or  vegetable  hygrofcopic  fubllances,  taken  lengthwife, 
or  in  the  direttion  of  their  fibres,  undergo  contrary 
changes  from  different  variations  of  humidity  ; that 
when  immerled  in  water,  they  lengthen  at  firll,  and  af- 
terw’ards  ihorten  ; that  wdien  they  are  near  the  greateff 
degree  of  humidity,  if  the  moillure  be  increafed,  they 
fhorten  themfelves  ; if  it  be  diminilhed,  they  lengthen 
themfelves  firll  before  they  contracl  again.  Thefe  irre- 
gularities, which  render  them  incapable  of  being  true 
meafures  of  humidity,  he  fhews  to  be  the  neceffary 
confequence  of  their  organic  reticular  ftruclure  De 
Sauffure  takes  his  point  of  extreme  moillure  from  the 
vapours  of  water  under  a glafs  bell,  keeping  the  fides  of 
the  bell  continually  moillened  ; and  affirms,  that  the  hu- 
midity is,  there,  conllantly  the  fame  in  all  temperatures  ; 
the  vapours  even  of  boiling  water  having  no  other  effedl 
than  thofe  of  cold.  De  IjUC,  on  the  contrary,  fhews  that 
the  differences  in  humidity  under  the  bell  are  very^  great, 
though  De  Sauffure’s  Hygrometer  was  not  capable  of 
difeovering  them  ; and  that  the  real  undecorapofed  va- 
pour of  boiling  water  has  the  diredlly  oppofite  effedl  to 
that  of  cold,  the  effedl  of  extreme  drynefs  ; and  on  this 
point  he  mentions  an  interefting  fadt,  communicated  to 
him  by  Mr,  V/att,  viz,  that  wood  cannot  be  employed 
in  the  fteam  engine,  for  any  of  thofe  parts  where  the 
vapour  of  the  boiling  water  is  confined,  becaufe  it  dries 
fo  as  to  crack  as  if  expofed  to  the  fire. 

. To  thefe  charges  of  M.  De  Luc,  a reply  is  made  by 
M.  De  Sauffure,  in  his  Defence  of  the  Hair  Hygro- 
meter, in  1788;  where  he  attributes  the  general  dif- 
agreement  between  the  two  inftrumeiits,  to  irregulari- 
ties of  M.  De  Luc’s  ; and  afligns  fome  aberrations  of 
his  own  Hygrometer,  wTich  could  not  have  proceeded 
from  the  above  caiife,.  but  to  its  having  been  out  of 
order  ; &c. 

This  has  drawn  from  M.  De  Luc  a fecond  paper  on 
Hygrometry,  publiflied  in  the  Philof.  Tranf.  for  1791, 
p.  I,  and  389.  This  author  here  refumes  the  four  fun- 
damental principles  'wliich  he  had  flcetched  out  in  the 
former  paper,  viz,  ift.  That  fire  isaffure,  and  the  only 
fure  means  of  obtaining  extreme  drynefs.  2d,  That 
water,  in  its  liquid  flate,  is  a fure,  and  the  only  fure 
means  of  determining  the  point  of  extreme*  moifture. 
3d,  There  is  no  realon,  a priori,  to  expecl,  from  any 
hygrofcopic  fubftance,  that  the  meafurable  effedts,  pro- 
duced in  it  by  moillure,  are  proportional  to  the  intenfi- 
tics  of  that  caufe. — But,  4th,  perhaps  the  compara- 
tive changes  of  the  dimenfions  of  a fubllance,  and  of 
the  weight  of  the  fame  or  other  fubftances,  by  the  fame 
variations  of  moillure,  may  lead  to  fome  difcovery  in 
that  refpedl.  On  thefe  heads  M.  De  Luc  expatiates 


at  large  in  this  paper,  Ihewing  the  imperfedtions  of  M. 
De  Sauffure’s  principles  of  Hygrometry,  and  particu- 
larly as  to  a hair,  or  any  fiich  fubffance  when  extended 
lengthwife,  being  properly  ufed  as  an  Hygrometer. 
On  the  other  hand,  he  fhews  that  the  expanfion  of  fub- 
llances acrofs  the  fibres,  or  grain,  renders  them,  in  that 
refpedl,  by  far  the  moll  proper  for  this  purpofe.  He 
choofes  fuch  as  can  be  made  very  thin,  as  ivorv,  or  deal 
Ihavings,  but  over  all  he  finds  whalebone  to  be  far  the 
bell  of  any.  But,  for  all  the  reafonings  of  thefe  inge- 
nious philofophers  on  this  interefting  fubjedl,  and  com- 
plete information,  fee  the  publications  above  quoted, 
as  alfo  the  Monthly  Review,  vol.  51,  p.  224,  vol.  71, 
p.  213,  vol.  76,  p.  3 16,  vol.  78,  p.  236,  and  vol.  6,  of 
the  new  feries  for  the  year  1791,  p.  133. 

HYGROMETRY,  the  fcience  of  the  meafuijement 
of  the  moillure  of  the  atmofphere.  Tlie  chief  writings 
on  this  fcience  are  thofe  of  M.  De  Luc  and  M.  De 
Sauffure,  for  wdiich  fee  the  laft  article  on  Hygro- 
meters. 

HYGROSCOPE,  is  commonly  ufed  in  the  fame 
fenfe  with  Hygrometer.  Wolfius,  however,  regarding 
the  etymology  of  the  word,  makes  lome  dilierence. 
According  to  him,  the  Plygrofcope  only  lliews  the  al- 
terations of  the  air  in  refpedl  of  humidity  and  drynefs,. 
but  the  hygrometer  meaiurcs  them.  A Hygrofeope 
therefore  is  only  an  indefinite  or  lefs  accurate  hygro- 
meter. 

HYPATIA,  a very  learned  and  beautiful  lady,  was 
born  at  Alexandria,  about  the  end  of  the  4th  century, 
as  file  flourillied  about  the  year  of  Chriil  430.  She 
w'as  the  daughter  of  Theon,  a celebrated  philofopher 
and  mathematician,  and  prefident  of  the  famous  Alex- 
andrian fchool.  Pier  father,  encouraged  by  her  extra- 
ordinary genius,  had  her  not  only  educated  in  all  the 
ordinary  qualifications  of  her  fex,  but  inftru6led  in  the 
moft  abftrufe  fciences.  She  made  fuch  great  progrefs 
in  philofophy,  geometr}’’,  aftronomy,  and  the  mathe- 
matics in  general,  that  fhe  paffed  for  the  moft  learned 
perfon  of  her  time.  She  publifiied  commentaries  on 
Apollonius’s  Conics,  on  Diophantus’s  Arithmetic,  and 
other  wmrks.  At  length  fhe  was  thought  rvorthy  to 
fucceed  her  father  in  that  diftinguifhed  and  important 
employment,  the  government  of  the  fchool  of  Alexan- 
dria ; and  to  deliver  inftruftions  out  of  that  chair  where 
Ammonius,  Hierocles,  and  many  other'  great  men,  had. 
taught  before  \ and  this  at  a time  too  w’hen  men  of 
great  learning  abounded  both  at  Alexandria  and  im 
many  other  parts  of  the  Roman  empire.  Her  fame 
being  fo  cxteiifive,  and  her  w'ortli  fo  univerfally  ac- 
knowledged, it  was  no  wonder  that  fhe  had  a crowded 
auditory.  “ She  explained  to  her  hearers  (fays  So- 
crates, an  ecclefiaftical  hiftorian  of  the  5th  century, 
born  at  Conllantinople)  the  feveral  fcicncts  that  go 
under  the  general  name  of  philofophy  ; for  which 
reafon  there  w'as  a conftucnce  to  her,  from  all  parts,  of 
thofe  who  made  philofophy  tlieir  delight  and  iludy.” 

Her  fcholars  wmre  not  lels  eminent  than  they  were 
numeraiis.  One  of  them  was  the  celebrated  Synefius, 
who  was  afterwards  bifhop  of  Ptolomais.  This  ancient 
Chriftian  Platonift  always  expreffes  the  ftrongeft,  as 
well  as  the  moft  grateful,  teftimony  of  the  virtue  ofhfs 
tutorefs  ; never  mentioning  her  without  the  moft  pro- 
found refpedl,  and  fometimes  in  terms  of  affedlipn  but 
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little  Tiiort  of  adoration.  But  it  was  not  Synefius  only, 
and  the  difciples  of  the  Alexandrian  fchool,  who  ad- 
mired Hypatia  for  her  virtue  and  learning  : never  was 
woman  more  careffed  by  the  public,  and  yet  never  had 
woman  a more  unfpotted  character.  She  was  held  as 
an  oracle  for  her  wiidorn,  for  which  flie  was  confulted 
by  the  magiflrates  in  all  important  cales  ; a circum- 
hance  which  often  drew  her  among  the  greatefc  con- 
courfe  of  men,  v.itliout  the  lead  cenfure  of  her  man- 
ners. In  fiiort,  when  Nicephorus  intended  to  pafs  the 
highed  compliment  on  theprincefs  Eudocia,  he  thought 
he  could  not  do  it  better  than  by  calling  her  another 
Hypatia. 

While  Hypatia  thus  reigned  the  brighteft  ornament 
of  Alexandria,  Oreiles  was  governor  of  that  place  for 
tlie  emperor  'riieodoilus,  and  Cyril  was  bilhop  or  pa- 
triarch. Oreiles,  having  had  a liberal  education,  coul-d 
not  but  admire  Hypatia  ; and  as  a wife  governor  often 
-oonfiilted  her.  This,  together  with  an  averfion  which 
Cyril  had  againft  Oreiles,  proved  fatal  to  the  lady. 
About  500  monks  affembling,  attacked  the  governor 
one  day,  and  would  have  killed  him,  had  he  not  been 
refeued  by  the  townfmeii ; and  the  refpedf  which 
Oreiles  had  for  Hypatia  canfing  her  to  be  traduced 
among  the  Chriiliaii  multitude,  they  dragged  her  from 
her  chair,  tore  her  in  pieces,  and  burnt  her  limbs. 

Cyril  is  ilrongly  fulpedled  of  having  fomented  this 
iragedy.  Cave  indeed  endeavours  to  remove  the  im- 
putation of  fo  horrid  an  action  from  the  patriarch  j 
and  lays  it  upon  the  Alexandrian  mob  in  general,  whom 
■he  calls  “ a very  trifling  inconilant  people.”  But  though 
Cyril  ihould  be  allowed  neither  to  have  been  the  perpe- 
trator, nor  even  the  contriver,  of  it,  yet  it  is  much  to  be 
fufpedted  that  he  did  not  difcoimtenance  it  in  the  man- 
ner he  ought  to  have*  done:  a fufpicion  which  muil 
needs  be  greatly  confirmed  by  reiiedling,  that  he  was  fo 
far  from  blaming  the  outrage  committed  by  the  monks 
upon  Oreiles,  that  he  afterwards  received  the  dead 
body  of  Ammonius,  one  of  tlie  moil  forward  in  that 
outrage,  who  had  grievoufly  wounded  the  governor, 
and  who  wasjuftly  punifned  with  death.  Upon  this 
riotous  ruffian  Cyril  made  a panegyric  in  the  church 
where  he  was  laid,  in  which  he  extolled  his  couras'e 
and  conilancy,  as  one  that  had  contended  for  the  truth  ; 
and  changing  his  name  to  Tliaumalius,  or  the  Admi- 
rable, ordered  him  to  be  Ooniidered  as  a martyr. 

However  (continues  Socrates),  the  wifeil  part  of 
Chriilians  did  not  approve  the  zeal  which  Cyril  ffiewed 
on  this  man’s  behalf,  being  convinced  that  Ammonius 
had  juilly  fuffered  for  his  defperate  attempt.” 

HYPERBOLA,  one  of  the  conic  fedlions,  being 
that  which  is  made  by  a plane  cutting  a cone  fo,  that, 
entering  one  fide  of  the  cone,  and  not  being  parallel  to 
the  oppolite  fide,  it  may’^  cut  the  circular  bale  ivhen  the 
oppoiite  fide  is  ever  fo  far  produced  below  the  vertex, 
or  ihall  cut  the  oppoiite  fide  of  the  cone  produced  above 
the  vertex,  or  iliall  make  a greater  angle  with  the 
Safe  than  the  oppofite  fide  of  the  cone  makes  ; all 
thefc  three  circumltances  amounting  to  the  fame  thing, 
but  in  other  words. 

I.  Thus,  the  figure  DAE  is  an  Plypeibola,  made  by 
a plane  entering  the  fide  VQ^ofa  cone  PVQjit  A,  and 
either  cutting  the  bafe  PEQ^when  the  plane  is  not  pa- 
jiallcl  to  VP,  and  this  is  ever  lo  far  produced  ; ov  when 


the  angle  ARQjs  greater  than 
the  angle  VPQ^;  or  when  the 
plane  cut3  the  oppofite  fide  in 
B above  the  vertex. 

2.  By  thePIyperbola  is  fome- 
times  meant  the  whole  plane  of 
the  fedlion,  and  fometimes  only 
the  curve  line  of  the  fedtion. 

3.  Hence,  the  cutting  plane 
meets  the  oppofite  cone  in  B, 
and  there  forms  another  Hy- 
perbola B f,  equal  to  the  for- 
mer one,  and  having  the  fame 
tranfverfe  axis  AB  ; and  the  fame  vertices  A and  B ^ 
Alfo  the  t^vQ  are  called  Oppofite  Hyperbolas. 

4.  The  centre  C is  the  middle  point  of  the  tranverfe 
axis. 

_ 5.  The  femi-conj ligate  axis  is  CL,  a mean  propor- 
tional between  Cl  and  CK,  the  diilances  to  the  fidcs 
of  the  oppofite  cone,  when  Cl  is  drawn  parallel  to  the 
diameter  PQ^f  the  bafe  of  the  cone.  Or  the  whole 
conjugate  axis  is  a mean  proportional  between  AF  and 
BH,  which  are  drawn  parallel  to  the  bafe  of  the  cone. 


6.  If  DAE  and  FBO  be  two  oppofite  Hyperbolas, 
having  the  fame  tranfverfe  and  conjugate  axes  AB  and 
a hj  perpendicularly  bifedting  each  other  ; and  \i  d a e 
andyV^  be  two  other  oppofite  Hyperbolas,  having  thd 
fame  axes  with  the  two  former,  but  in  the  contrary 
order,  viz,  having  a b for  their  firil  or  tranfverfe  axis, 
and  AB  for  their  fecond  or  conjugate  axis : then  any 
tivo  adjacent  curves  are  called  Conjugate  Hyperbolas, 
and  the  whole  figure  formed  by  all  the  four  curves,  the 
Figure  of  the  Conjugate  Hyperbolas.  And  if  the  redl* 
angle  HIKE  be  inlcribed  within  the  four  conjugate 
Hyperbolas,  touching  the  vertices  A,  B,  a,  by  and 
having  their  fides  parallel  and  equal  to  the  two 
axes  ; and  if  then  the  two  diagonals  HCK,  ICL,  m 
the  parallelogram  be  drawn,  thefe  diagonals  are  the 
afymptotes  of  the  curves,  being  lines  that  continuaDy 
approach  nearer  and  nearer  to  the  curves,  without 
meeting  them,  except  at  an  infinite  dillance,  where 
each  afymptotc  and  the  two  adjacent  fidcs  of  the  two 
conjugate  Hyperbolas  may  be  fuppofed  all  to  meet  ; the 
afymptote  being  there  a common  tangent  to  them  botli, 
viz,  at  that  infinite  dillance. 

7.  Hence  the  four  Hyperbolas,  meeting  and  running 
into  each  other  at  the  inlimte  dillancc,  may  be  conli- 
dered  as  the  four  parts  of  one  entire  curve,  having  the 
fame  axes,  tangents,  and  other  properties. 

8.  A Diameter  in  general,  is  any  line,  as  MN, 
drawn  threugh  the  centre  C,  and  meeting,  or  termi- 
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Rated  by  the  oppofite  legs  of  the  oppohte  Hyperbo- 
las. Aad  if  parallel  to  this  diameter  there  be  drawn 
two  tangents,  at  m and  «,  to  the  oppohte  legs  of  the 
other  two  oppofite  Hyperbolas,  the  line  joining 
the  points  of  contadil,  is  the  conjugate  diameter  to  MN, 
and  the  two  mutually  conjugates  to  each  other.  Or,  if 
to  the  points  M or  N there  be  drawn  a tangent,  and 
through  the  centre  C the  line  mn  parallel  to  it,  that 
line  will  be  the  conjugate  to  MN.  The  points  where 
each  of  thefe  meet  the  curves,  as  M,  N,  w,  n,  are  the 
vertices  of  the  diameters  ; and  the  tangents  to  the 
curves  at  the  two  vertices  of  any  diameter,  are  pa- 
rallel to  each  other,  and  alfo  to  the  other  or  conju- 
gate diameter. 


9.  Moreover,  if  thofe  tangents  to  the  four  Hyper- 
bolas, at  the  vertices  of  two  conjugate  diameters,  be 
produced  till  they  meet,  they  will  form  a parallelo- 
gram OPQR  ; and  the  diagonals  OQ^and  PR  of  the 
parallelogram  will  be  the  afyrnptotes  of  the  curves  ; 
which  therefore  pafs  through  the  oppofite  angled  of  all 
the  parallelograms  fo  inferibed  between  the -curves. 
Alfo  it  is  a property  of  thefe  parallelograms,  that  they 
are  all  equal  to  each  other,  and  therefore  equal  to  the 
rectangle  of  the  two  axes;  as  will  be  farther  noticed 
below.  Farther,  if  thefe  diagonals  or  afyrnptotes  make 
a right  angle  between  them,  or  if  the  inferibed  parallelo- 
gram be  a fquare,  or  if  the  two  axes  be  equal  to  each 
other,  then  the  Hyperbola  is  called  a right-angled  or  an 
equilateral  one. 

10.  An  Ordinate  to  any-  diameter,  is  aline  drawn 
parallel  to  its  conjugate,  or  to  the  tangent  at  its  vertex, 
and  terminated  by  the  diameter  produced  aud  the  curve. 
So  MS  and  TN  are  ordinates  to  the  axis  AB  ; alfo 
AD  and  BG  are  ordinates  to  the  diameter  MN  (laft 
fig.  but  one).  Hence  the  ordinates  to  the  axis  are 
perpendicular  to  it ; but  ordinates  to  the  other  diame- 
ters are  oblique  to  them. 

jT.  An  abfeifs  is  a part  of  any  diameter,  contained 
between  its  vertex  and  an  ordinate  to  it  ; and  every  or- 
dinate has  two  abfeifles : as  AT  and  BT,  or  MV 
'and  NV. 

12.  The  Parameter  of  any  diameter,  is  a third  pro- 
portional'to  the  diameter  and  its  conj  agate.- — The  Pa- 
rameter of  the  axis  is  alfo  equal  to  the  line  AG  or  B^ 
(fig.  I ),  if  FG  be  drawn  to  make  the  angle  AFG  = 
the  angle  BAV,  or  the  line  to  make  the  angle 
BH^  = the  angle  ABV. 

13.  The  Focus  is  the  point  in  the  axis  where  the  or- 
dinate is  equal  to  half  the  parameter  of  the  axis ; as 

VoL.  I. 


S and  T (fig,  2)  if  MS  and  TN  be  half  the  parameter, 
or  the  3ci  proportional  to  CA  and  Ca.  Hence  there 
are  two  Foci,  one  on  each  fide  the  vertex,  or  one  for 
each  of  the  oppofite  Hyperbolas.  Thefe  two  points  in 
the  axis  are  called  Foci,  or  burning  points,  becaufe  it  is 
found  by  opticians  that  rays  of  light  iffuing  from  one  of 
them,  and  falling  upon  the  curve  of  the  Hyperbola, 
are  Vefledted  into  lines  that  verge  towards  the  other- 
point  or  Focus. 

To  defertbe  an  Hyperbola^  In  various  voays..- 

14.  ft  Way  by  points. ) — In  the  tranfverfe  axis  AF  ’ 
produced,  take  the  foci  F and  fy  by  making  CF  and'. 
Qj  = Aa  or  B^7,  alTume  any  point  I : Then  with  the* 


radii  A I,  BI,  and”  centres  F,  yfi  deferibe  arcs  inters- - 
fefting  in  E,  wTich  wull  give  four  points  in  the  curv^es, . 
In  like  manner,  affuming  other  points  I,  as  many  other  • 
points will  be  found  in.  the  curve.  Then,  with  a Hea- 
dy hand,  draw  the  curve  line  through  all  the  points  of ' 
interfeftion  E. — In  the  fame  manner  are  to  be  con- 
llrufted  the  other  pair  of  oppofite  Hyperbolas,  ufing 
the  axis  ab  inllead  of  AB. 

15.  (2d  Way  by  points,  for  a Right-angled  Hyperbola 
only.) — On,  the  axis  produced  if  neceflary,  take  any 


point  I,  through  which  draw'  a perpendicular  line,, 
upon  which  fet  off  IM  and' IN  equal  to  the  diffance  la 
or  lb  from  I to  the  extremities-  of  the  other  axis  ; and  L 
M and  N will  be  points  in  the  curve. 

16.  (3d  Way  by  points,  to  deferibe  the  curve  th'roughi> 
a given  point.) — CG  and  CH  being  the  afyrnptotes, , 
and  P the  given  point  of  the  curve;'  through  the., 
point  P draw  any  line  GPH  between  the  afyrnptotes, , 
upon  which  take  GI  = PH,  fo  fhall  E be  another, 
point  of  the  curve.  And  in  this  manner  may  any, 
number  of  points  be  found,  drawing  as  many,  lines vi 
through  the  given  point  P. .. 

4,K. 
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17,  {^th.  Way  hy  a continued  Motion one  end 


of  a long  ruler  /MO  be  faflened  at  tlie  point  / by  a 
pin  on  a plane,  fo  as  to  turn  freely  about  that  -point  as 
a centre.  Then  take  a thread  FMO,  fhorter  than  the 
ruler,  and  fix  one  end  of  it  in  F,  and  the  other  to  the 
end  O of  the  ruler.  Then  if  the  ruler/MO  be  turned 
about  the  fixed  point/,  at  the  fame  time  keeping  the 
thread  OMF  always  tight,  and  its  part  MO  clofe  to 
the  fide  of  the  ruler,  by  means  of  the  pin  M ; the  curve 
line  AX  deferibed  by  the  motion  of  the  pin  M is  one 
part  of  an  Hyperbola.  And  if  the  ruler  be  turned,  and 
move  on  the  other  fide  of  the  fixed  point  F,  the  other 
part  AZ  of  the  fame  Hyperbola  may  be  deferibed  after 
the  fame  manner.— But  if  the  end  of  the  ruler  be  fixed 
in  F,  and  that  of  the  thread  in  /,  the  oppofite  Flyper-^ 
bola  xa%  may  be  deferibed. 

18.  (5th  Way.,  hy  a continued  Motion. C and 
F be  the  two  foci,  and  E and  K the  two  vertices  of 
the  Hyperbola.  (See  the  laft  fig.  above.)  Take  three 
rulers  CD,  DG,  GF,  fo  that  CD  GF  = EK,  and 
DG  = CF  ; the  rulers  CD  and  GF  being  of  an  inde- 
finite length  beyond  C and  G,  and  having  flits  in  them 
for  a pin  to  move  in  ; and  the  rulers  having  holes  in 
them  at  C and  F,  to  faften  them  to  the  foci  C and  F 
by  means  of  pins,  and  at  the  points  D and  G they  are  to 
be  joined  by  the  ruler  DG.  Then,  if  a pin  be  put  in 
the  flits,  vizj  the  common  interfedlion  of  the  rulers  CD 
and  GF,  and  moved  along,  caufing  the  two  rulers  GF, 
CD,  to  turn  about  the  foci  C and  F,  that  pin  will  de- 
feribe  tlie  portion  £«■  of  an  Hyperbola.— The  foregoing 
are  a few  among  various  ways  given  by  feveral  au- 
■"thors. 

Some  of  the  chief  Properties  of  the  Byperhola* 


19.  (ift)  The  fquares  of  the  ordinates,  of  any  dia« 
meter,  are  to  ea»h  other,  as  the  redlangles  of  their 

4 


abfciiTes  j i.  e,  DE^  : GH*  : : AD  . BD  ; AG . 
BG. 

20.  As  the  fquare  of  any  diameter,  is  to  the  fquare  of 
its  conjugate;  fo  is  the  redlangle  of  two  abfeiffes,  to 
the  fquare  of  their  ordinate.  That  is,  AB^  ; aid  ; ; 
AD . BD : DE^ 

Or,  becaiife  the  redlangle  AD  • BD  is  = the  dif- 
ference of  the  fquares  CD^  — CB^,  the  fame  pro- 
perty is, 

: CD^  - CB* 


As  AB®  ; ah'^ 
aid 

Or  AB  : 

AB 

That  is  AB  : p 


CD’ 


CB’ 


DE% 

DE^ 

: DE^ 


1 CD^-  ~ CB^ 
where  p is  the  parameter  of  the  diameter  AB,  or  the. 

3d  proportional 

And  hence  is  deduced  the  common  equation  of  the 
Hyperbola,  by  which  its  general  nature  is  exprefied. 
Thus,  putting  d =.  the  femidiameter  CA  or  CB, 
c ^ its  femiconjugate  Ca  or  Cl^ 

zd^ 

p its  parameter  or  — - , 

c 

X “ the  abfeifs  BD  from,  the  vertex, 

y = the  ordinate  DE,  and 

V ~ the  abfeifs  CD  from  the  centre  l 
— 


Then  is 


or 

or 

or 


d^  i c'^ 

d i p 
zdx  -4-  x'^ 


2d  X t X 
d m . X 


; ; fo  that 


d^ 


- 

any  of  which  'equations  or  proportions  exprefs  the  na- 
ture of  the  curve.  „ And  hence  arifes  the  name  Hyper- 
bola, fignifying  to  exceed,  becaufe  the  ratio  of  d'^  to 
or  of  d to  p,  exceeds  that  of  zdx  to  ; that  ratio 
being  equal  in  the  parabola,  and  defeftive  in  the  ellipfe, 
from  which  circurnfiances  alfo  thefe  take  their  names. 

21.  The  diftance  between  the  centre  and  the  focus, 
is  equal  to  the  diftance  between  the  extremities  of  the 
tranfverfe  and  conjugate  axes.  That  is,  CF  Ba  or 
A<^,  where  F is  tlie  focus, 

22.  The  conjugate  femi-axis  is  a mean  proportional 
between  the  diftances  of  the  focus  from  both  vertices  of 
the  tranfverfe.  That  is,  C«  is  a mean  between  AF 
and  BF,  or  AF  i Qa  i i Qa  i BF,  or  AF  . BF  2:2 

23.  The  difference  of  two  lines  drawn  from  the 
foci,  to  meet  in  any  point  of  the  curve,  is  equal  to  the 
tranfverfe  axis.  That  is,  /E  --  FE  =:  AB,  where 
F and/ are  the  two  foci. 

24.  All  the  parallelograms  inferibed  between  the 
four  conjugate  Hyperbolas  are  equal  to  one  another, 
and  each  equal  to  the  re^langle  of  the  two  axes.  That 
is,  the  parallelogram  OPQR  — AB  . ab  (fig.  to 
art.  9), 

25.  The  difference  of  the  fquares  of  every  pair  of 

conjugate  diameters,  is  equal  to  the  fame  conftant 
quantity,  viz,  the  difference  of  the  fquares  of  the  two 
axes,  That  is,  MN^  — AB^  — ab'^^  (fig.  to 

art.  6)1  where  MN  and  mn  are  any  two  conjugate 
diameters. 
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26.  The  re(?^artgle3  of  the  parts  of  two  parallel  lines, 
ternainated  by  the  curve,  are  to  one  another,  as  the  rec- 
tangles of  the  parts  of  any  other  two  parallel  lines,  any 
where  cutting  the  former.  Or  the  rectangles  of  the 
parts  of  two  interfeCting  lines,  are  as  the  fquares  of 
their  parallel  diameters,  or  fquares  of  their  parallel  tan- 
gents. 

27.  All  the  reclan gles  are  equal  which  are  made  of 
the  fegments  of  any  parallel  lines,  cut  by  the  carve,  and 
limited  by  the  afymptotes,  and  each  equal  to  the  fquare 
of  their  parallel  diameter.  That  is,  HE  . EK  or 

CQ^"_or  CP^ 


28.  All  the  parallelograms  are  equal,  which  are  form- 
ed between  the  afymptotes  and  curve,  by  lines  parallel 
to  the  afymptotes.  That  is,  the  paral.  CGEK  m 
CPBQj^ — Hence  is  obtained  another  method  of  ex- 
preffing  the  nature  of  the  curve  by  an  equation,  in- 
volving the  abfcifs  taken  on  one  afymptote,  and  ordi- 
nate parallel  to  the  other  afymptote.  Thus,  if  .v  — 
CK,  y = KE,  nr  = CQ^  and  = BQ_the  ordinate 
at  the  vertex  B of  the  curve  ; then,  by  the  property  in 
this  article,  ab  = .yy,  or  a : x : : y i b j that  is,  the 
reClangle  of  the  abfcifs  and  ordinate  is  every  where  of 
the  fame  magnitude,  or  any  ordinate  is  reciprocally  as 
its  abfcifs. 

29.  If  the  abfeiffes  CQ^CK,  CL,  &c,  taken  on  the 
one  afymptote,  be  in  geometrical  progreffion  increafing; 
then  fhallthe  ordinates  QB>  KE,  LM,  &c,  parallel  to 
the  other  afymptote,  be  a like  geometrical  progreffion  in 
the  fame  ratio,  but  decreafing  ; and  all  the  reClangles 
are  equal,  under  every  abfcifs  and  its  ordinate,  viz, 

C(L  QB  =1:  CK  . KE  rr  CL  . LM,  &c. 

• 30.  The  abfeiffes  CQ^CK,  CL,  &c,  being  taken 
in  geometrical  progreffion  ; the  fpaces  or  afymptotic 
areas  BQKE,  EKLM,  &c,  will  be  all  equal  ; or,  the 
fpaces  BQKE,  BQLM,  &c,  will  be  in  arithmetic^ 
progreffion  ; and  therefore  thefe  fpaces  are  the  hyper-, 
bolic  logarithms  of  thofe  abfeiffes. 

Thefe,  and  many  other  curious  properties  of  the 
Hyperbola,  may  be  feen  demonftrated  in  my  Treatife 
on  Conic  8e6lions,  and  feveral  others.  See  alfo  Conic 
Sections. 

Acute  Hyperbola,  one  whofe  afymptotes  make  an 
acute  angle. 

Ambigenal  Hyperbola,  is  that  which  has  one  of 
its  infinite  legs  falling  within  an  angle  formed  by  the 
afymptotes,  and  the  other  falling  without  that  angle. 
Tliis  is  one  of  Newton’s  triple  Hyperbolas  of  the  2d 


order.  See  his  Enifmeratio  Lin.  tert.  Ord.  'Sec  alfo 
Ambigenal. 

Common,  or  Conic  Hyperbola,  is  that  which  arifet 
from  the  feeflion  of  a cone  by  a plane  ; called  alfo  the 
Apollonian  Hyperbola,  being  that  kind  treated  on  by 
the  tirfl  and  chief  author  Apollonius. 

Conjugate  Hyperbolas,  are  thofe  formed  or  lying 
together,  and  having  the  fame  axes,  but  in  a contrary 
order,  viz,  the  tranfverfe  of  each  equal  the  conjugate 
of  the  other ; as  the  two  Conjugate  Hyperbolas  Pee 
and  EEE  in  the  lafl  dgure  but  one. 

Equilateral,  or  Re^anglar  Hyperbola,  is  that 
whofe  two  axes  are  equal  to  each  other,  or  whofe 
afymptotes  make  a right  angle. — Hence,  the  property 
or  equation  of  the  equilateral  Hyperbola,  is  = 
ax  + .v^,  where  a is  the  axis,  .v  the  abfcifs,  and  y its 
ordinate  ; which  is  fimilar  to  the  equation  of  the  cir- 
cle, viz,  = ax—x"^,  differing  only  in  the  fign  of  the 
fecond  term,  and  where  a is  the  diameter  of  the 
circle. 

Injinite  Hyperbolas,  or  Hyperbolas  of  the  higher 
hinds,  are  expreffed  or  defined  by  general  equations 
fimilar  to  that  of  the  conic  or  common  Hyperbola, 
but  having  general  exponents,  inllead  of  the  particular 
numeral  ones,  but  fo  as  that  the  fum  of  thofe  on  one 
fide  of  the  equation,  is  equal  to  the  fum  of  thofe  011 

the  other  fide.  Such  as,  hx^(d  + 

where  .v  and  y are  the  abfcifs  and  ordinate  to  the  axis 

or  diameter  of  the  curve  ; or  where  the 

abfcifs  X is  taken  on  one  afymptote,  and  the  ordinate 
y parallel  to  the  other* 

As  the  Hy-perbola  of  the  firfl  kind,  or  order,  viz 
the  conic  Hyperbola,  has  two  afymptotes  ; that  of  the 
2d  kind  or  order  has  three  ; that  of  the  3d  kind, 
four  ; and  fo  on. 

Obtiife  Hyperbola,  Is  that  whofe  afymptotes  form 
an  obtufe  angle. 

Redangular  Hyperbola,  the  fame  as  Equllaterid 
Hyperbola. 

Hyperbolic  Arc,  is  the  arc  of  an  Hyperbola. 

Put  a = CA  the  femitranfverfe 
axe,  c = Ca  the  femiconjugate, 
y — an  ordinate  PQ^  to  the  axe 
drawn  from  the  end  Q^of  the 
arc  AQ^  beginning  at  the  vertex 

. aa  cc 

A : then  putting  q = — , 

A “ the  hyp.  log.  of 

c 

of  y + +yy  ^ 
c 


= 2*302585093  X common  log 


B = 


yy  — ccA  -Pyy  — 3rrB 

7 > C — —————  ” 

2 4 


o 


then  is  the  length  of  the  arc  AQ^expreffed  by 


^ X (A  + 2b  - + 

2 2*4  2.4.0 

4 K 2 


D - 


2.4.6.8 


E &c; 


or 
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I ^6'^/  + (2IC®  + 10/*)  , , 

or  by  ^ 1 Z—1 — X V,  nearly  ; where  t 

^ l^cH  + (2ir^  + 9/^)  ;r  ^ 

Is  the  whole  tranfverfe  axe  2CA,  c ~ 2Qa  the  con- 
jugate, X ~ AP  the  abfcifs,  and  y — "PQ_  the  ordi- 
nate. 

Thefe  and  other  rules  may  be  feen  demonllrated  in 
.my  Menfuration,  p.  408,  &c,  2d  edit. 

Hyperbolic  or  Space,  the  area  or  (pace  in- 

• eluded  by  the  Hyperbolic  curve  and  other  lines. 

Putting  a ~ CA  the  femitranfverfe,  c = da  the  fe- 
miconj ligate,  y r=  PQ^the  ordinate,  and  u = CP  its 
'diftance  from  the  centre  ; then  is  the 

A T , 'I  f.ay  cv 

-larea  APQjr;  \yoy  ~ \ac  X hyp.  log.  of ; 

a v d-  cn) 

Pedlor  CAQ^:z:  \ac  X hyp.  log.  of ^ ; 

a* 

area  APO  s=«  zxyX  (1  — 

^ ^ I.3-S  3-5-7 

where  x — AP,  and  21  = 

APQl: 


ac 


■ 5-7-9 

X 

2a  4-  X 


&c), 

7.9. II 


or 


15^ 


X {V  2ax  -p  4-  Ixx)  nearl-y. 


Let  CT  arrd  CE  be  the  two  afymptotes,  and  the  or- 
dinates DA,  EF  parallel  to  the  other  afymptote  CT  ; 
then  the  afvmptotic  fpace  ADEF  or  fedtor  CAF  is 

" CE 

= CD  X DA  X hyp.  log.  of  or 

= CD  X DA  X hyp.  log.  or 


CD  X DA  X 


DE  DE"  DE3 
’“zCD*  '''3CD3 


DE^ 


&c ; 


CD  2CD^  ■ sCD^  4CD4 
and  this  laft  feries  was  firft  given  by  Mercator  in  his 
Logarithmotechnia. 

See  my  Menfuration,  p.  413?  2d  edit. 

Generally,  x y ~ a be  an  equation  exprei- 
fing  an  Hyperbola  of  any  order  ; then  its  afymptotic 

area  will  be  xy  ; which  fpace  therefore  is  always 

n — m 

quadrable,  in  all  the  orders  of  Hyperbolas,  except  the 
firft  or  common  Hyperbola  only,  in  which  m and  n 
being  each  i,  the  denominator  n — m becomes  o or 
nothing. 

Hyperbolic  Conoid,  a folid  formed  by  the  revolu- 
tion of  an  Hyperbola  about  its  axis,  otherwife  called  an 
Hyperboloid. 

T 0 fnd  the  Solid  Content  of  an  ^Hyperboloid, 

Let  AC  be  the  femitranfverfe  of  the  generating 
Hyperbola,  and  AH  the  height  of  the  folid  ; then  as 
2 AC  + AH  is  to  3AC  + AH,  fo  is  the  cone  of  the 
fame  bafe  and  altitude,  to  the  content  of  the  Conoid. 


To  fnd  the  Curve  Surface  of  an  Hyperboloid. 

Let  AC  be  the  femitranfverfe,  and  AB  perpendicular 
to  it,  and  equal  to  the  fcmiconjugate  of  ADE  the  ge- 
nerating Hyperbola,  or  fedlion  through  the  axis  of  the 
folid.  Join  CB  ; make  CF  CA,  and  on  CA  let 
fall  the  perpendicular  FG  ; then  vrith  the  femitranfverfe 
CGj.and  femiconjugate  GH  = AB,  deferibe  the  Hy- 
perbola GIK  ; then  as  the  diameter  of  a circle  is  to 
its  circumference,  fo  is  the  Hyperbolic  fruftiim 
ILAMK  to  the  curve  fuiface  of  the  Conoid  generated 
by  DAE.  See  my  Men  fur.  p.  429,  &c,  2d  edit. 

Hyperbolic  Cylindrold,  a folid  formed  by  the  re- 
volution of  an  Hyperbola  about  its  conjugate  axis,  or 
line  through  the  centre  perpendicular  to  the  tranfverfe 
axis.  This  folid  is  treated  of  in  the  Philof.  Tranf. 
by  Sir  Chriftopher  Wren,  where  he  lliews  feme  of 
its  properties,  and  applies  it  to . the  grinding  of  Hy- 
perbolical G-laftes  ; affirming  that -they  muft  be  formed 
this  w'ay,  or  not  at  all.  See  Philof.  Tranf.  vol.  4, 
pa.  961. 

H Y PER  BO  Lie  Leg,  of  a curve,  is  that  having  an 
afymptote,  or  tangent  at  an  infinite  diftance.. — Newton 
reduces  all  curves,  both  of  the  firft  and  higher  kinds, 
into  Flyperbolic  and  parabolic  legs,  i.  e.  fucli  as  have 
afymptotes,  and  fuch  as  have  not,  or  fuch  as  have  tan- 
gents at  an  infinite  diftance,  and  fuch  as  have  not. 

Hyperbolic  Line,  is  ufed  by  fome  authors  for  what 
is  more  commonly  called  the  Hyperbola  itfelf,  being  the 
curve  line  of  that  figure  ; in  which  fenfe  the  furface 
terminated  by  it  is  called  the  Hyperbola. 

Hyperbolic  Logarithm,  a logarithm  fo  called  as 
being  fimilar  to  the  afymptotic  fpaces  of  the  Hyper- 
bola. The  Hyperbolic  logarithm  of  a number,  is  to 
the  common  logarithm,  as  2*3025850929940457  to  i, 
or  as  I to  *4342944819032518.  The  firft  invented 
logarithms,  by  Napier,  are  of  the  Hyperbolic  kind  ; 
and  fo  are  Kepler’s.  See  Logarithm. 

Hyperbolic  Mirror,  is  one  ground  into  that 
lhape. 

Hyperbolic  Space,  that  contained  by  the  curve 
of  the  Hyperbola,  and  certain  other  lines.  See  Hy- 
perbolic Area. 

HYPERBOLICUM  Acutum,  a folid  made  by  the 
revolution  of  the  infinite  area  or  fpace  contained  be- 
tween the  curve  of  the  Hyperbola,  and  its  afymptote. 
This  produces  a folid,  which  though  infinitely  long  and 
generated  by  an  infinite  area,  is  neverthelefs  equal  to 
a finite  folid  body ; as  is  demonftrated  by  Torricelli, 
who  gave  it  this  name. 

HYPERBOLIFORM  Figures,  are  fuch  curves  as 
approach,  in  their  properticvS,  to  the  nature  of  the  Hy- 
perbola ; called  alio  Hyperboloides. 

HYPERBOLOIDS,  are  Hyperbolas  of  the  higher 
kind,  whofe  nature  is  exprefled  by  this  equation, 

ay^^^^ — bx^(a-\-xf.  See  Hyperbola.  It  alfo 
means  the  Hyperbolic  Conoid.  See  that  article. 

HYPERBOREANS,  the  moft  northern  nations,  or 
regions,  as  dwelling  beyond  or  about  the  v/ind  Boreas  : 
as  the  Siberians,  Samoieds,  &c. 

HYPERTFIYRON,  in’  Architeaure,  a fort  of  table, 
ufually  placed  over  gates  or  doors  of  the  Doric  order, 
above  the  chambranle,  inform  of  a frize. 

HYPETHRE,  in  Ancient  Architecture,  two  raws 
2 of 
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of  pillars  furroiinding,  and  ten  at  each  face  of  a temple, 
&c,  with  a perihyle  within  of  fix  columns. 

HYPOGEUM,  in  the  ancient  Architediire,  a name 
common  to  all  the  parts  of  a building  that  are  under 
ground  ; as  the  cellars,  butteries,  &c. 

Hypogeum,  in  Aftrology,  a name  given  to  the  ce- 
leftial  houfes  that  are  below  the  horizon  ; and  efpe- 
cially  the  imnm  coeli,  or  bottom  point  of  the  heavens. 

HYPOMOCHLION,  the  fulcrum  or  prop  of  a 
lever ; or  the  point  which  fuftains  its  preflure,  when 
employed  either  in  raifing  or  lowering  bodies.  The 
Hypomochlion  is  frequently  a roller  fet  under  the 
lever ; or  under  ftones  or  pieces  of  timber,  6cc,  that 
they  may  be  the  more  eafily  lifted  up,  or  removed. 

HYPOTENUSE,  or  Hypothenuse,  in  a right- 
angled  triangle,  is  the  fide  which  fubtends,  or  is  oppo- 
hte  to  the  right  angle,  and  is  always  the  longeft  oi  the 
three  fides ; as  the  fide  AC,  oppofite  to  the  right 
angle  15. 


It  Is  a celebrated  theorem  in  Plane  Geometry,  being 
the  47th  prop,  of  the  ift  book  of  Euclid,  that  in 
every  right-angled  triangle  ABC,  the  fquare  formed 
upon  the  Hypothenufe  AC,  is  equal  to  both  the  two 
fquares  formed  upon  the  other  two  fides  AB  and  BC ; 
or  that  AC^  = AB^  4-  BC^.  This  is  particularly 
called  the  Pythagorean  theorem,  from  its  reputed  in- 
ventor Pythagoras,  who  It  is  fald  facrificed  a whole 
hecatomb  to  the  mufes,  in  gratitude  for  the  difcovery. 
But  the  fame  thing  is  true  of  circles  or  any  other  fimi- 
lar  figures,  viz,  that  any  figure  defcribed  on  the  Hypo- 
tenufe,  is  equal  to  the  fum  of  the  two  limllar  figures 
defcribed  on  both  the  other  two  fides. 

HYPOTHENUSE.  See  Hypotenuse. 

HYPOTHESIS,  in  Geometry',  or  Mathematics, 
means  much  the  lame  thing  with  fuppofition,  being  a 


fuppofition  or  an  afTumption  of  fomething  as  a condi- 
tion, upon  which  to  raife  a demonilration,  or  from 
which  to  draw  an  Inference. 

Dr.  Barrow  fay^'s,  Hypothefes,  or  pofluLitums,  are 
propofitions  affuming  or  affirming  fome  evidently  pof- 
lible  mode,  aftion,  or  motion  of  a thing,  and  that 
there  Is  the  fame  affinity  between  hypotheies  and  pro- 
blems, as  between  axioms  and  theorems : a problem 
fliewing  the  manner,  and  demonllratlng  the  poffibiiity 
of  fome  ftru6lure,  and  an  Hypothefis  affuming  fome 
conftruCfion  which  is  manlfeftly  poffible. 

Hypothesis,  In  Philofophy',  denotes  a kind  of 
fy'ftem  laid  down  from  our  own  imagination,  by'  which 
to  account  for  fome  phenomenon  or  appearance  of  na- 
ture. Thus  there  are  Hy'pothefes  to  account  for  the 
tides,  for  gravity,  for  magnetifm,  for  the  deluge,  &c. 

The  real  and  fcientific  caufes  of  natural  thinp'S  gfc- 
nerally  lie  very  deep  : obfervation  and  experiment,  the 
proper  means  of  arriving  at  them,  are  in  moft  cafes  ex- 
tremely' flow  ; and  the  human  mind  is  veiy  impatient  : 
hence  we  are  often  induced  to  feign  or  invent  fomething 
that  may'  feem  like  the  caufe,  and  which  is  calculated 
to  anfwer  the  feveral  phenomena,  fo  that  it  may  poffi- 
bly  be  the  true  caufe. 

Philofophers  are  divided  as  to  the  ufe  of  fuch  ficfions 
or  Hy'pothefes,  which  are  much  lefs  current  now  than 
they  were  formerly'.  The  latefl  and  befl  writers  arc 
for  excluding  Hypothefes,  and  Handing  intirely  on  ob- 
fervation and  experiment.  Whatever  is  not  deduced 
from  phenomena,  fay's  Newton,  is  an  Hypothefis  ; and 
Hypothefes,  whether  metaphyfical,  or  phyfical,  or 
mechanical,  or  of  occult  qualities,  have  no  place  in  ex- 
perimental philofophy.  Phil.  Nat.  Prin.  Math,  in 
Calce. 

Hypothesis  is  more  particularly  applied,  in  Aflro- 
nomy,  to  the  feveral  fyilems  of  the  heavens  ; or  the 
divers  manners  in  which  different  aftronomers  have 
fuppofed  the  heavenly  bodies  to  be  ranged,  or  moved. 
The  principal  Hypothefes  are  the  Ptolomaic,  the 
Tychonic,  and  the  Copernican.  This  laft  is  now  fo 
generally  received,  and  fo  well  eflabllffied  and  war- 
ranted by'  obfervation,  that  it  is  thought  derogatory  to 
it  to  call  it  an  Hy'pothefis. 

HYPOTRACHELION,  in  Architeaure,  is  ufcd 
for  a little  frize  in  the  Tufean  and  Doric  capital,  be- 
tween the  aff  ragal  and  annulets  ; called  alfo  the  coleriA 
and  gorgerin. 

The  word  is  applied  by'  fome  authors  in  a more  ge- 
neral fenfe,  to  the  neck  of  any  column,  or  that  part 
of  its  capital  below  the  aflragal. 
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JACK,  in  Mechanics,  is  an  inftrument  in  common 
ufe  for  raifing  heavy  timber,  or  very  great  weights 
any  kind  ; being  a certain  very  powerful  combina- 
tion of  teeth  and  pinions,  and  the  whole  inclofed  in  a 
llrong  wooden  Hock  or  frame  BC,  and  moved  by  a 
winch  or  handle  HP  ; the  outfide 
•appearing  as  in  fig.  i,  here  an- 
nexed. 

In  fig.  6,  pi.  12,  the  wheel  or 
rack-work  is  fhewn,  being  the 
view  of  the  infide  when  the  Hock 
is  removed.  Though  it  is  not 
drawn  in  the  juft  proportions  and 
diinenfions,  for  the  rack  AB 
muft  be  fuppofcd  at  leaft  four 
times  as  long  in  proportion  to 
the  wheel  as  the  figure  re- 
prefents  it  ; and  the  teeth,  which 
will  be  then  four  times  more  in 
number  to  have  about  3 in  the 
inch.  Now  if  the  handle  HP  be 
7 inches  long,  the  circumference 
of  this  radius  will  be  4^}.  inches, 
which  is  the  diftance  or  fpace  the 
power  moves  through  in  one  revolution  of  the  handle: 
but  as  the  pinion  of  the  handle  has  but  4 leaves,  and  the 
wheel  QJ'uppofe  20  teeth,  or  5 times  the  number,  there- 
fore to  make  one  revolution  of  the  wheel  it  requires  5 
turns  of  the  handle,  in  wTich  cafe  it  paftes  through  5 
times  44  or  220  inches  : but  the  wheel  having  a pinion 
R of  3 leaves,  thefe  will  raife  the  rack  3 teeth,  or 
one  inch,  in  the  fame  fpace.  Hence  then,  the  handle 
or  power  moving  220  times  as  fall  as  the  weight,  will 
raife  or  balance  a weight  of  220  times  its  own  power. 
And  if  this  be  the  hand  of  a man,  who  can  fuftain  100 
pounds  weight,  he  will,  by  help  of  this  Jack,  be  able 
to  raife,  or  fuftain  a weight  or  force  of  2 200olb,  or 
about  10  tons  weight. 

This  machine  is  fometimes  open  behind  from  the 
bottom  almoft  up  to  the  wheel  to  let  the  lower 
claw,  which  in  that  cafe  is  turned  up  as  at  B,  draw 
up  any  weight.  When  the  weight  is  drawn  or  puflied 
fufficiently  high,  it  is  kept  from  going  back  by  hang- 
ing the  end  of  the  hook  S,  fixed  to  a ftaple,  over  the 
curved  part  of  the  handle  at  h. 

Jack  is  alfo  the  name  of  a well-known  engine  in 
the  kitchen,  ufed  for  turning  a fpit.  Here  the  weight 
js  the  power  applied,  adling  by  a fet  of  pulleys ; the 
fridion  of  the  parts^  and  the  weight  with  which  the 
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fpit  is  charged,  make  the  force  to  be  overcome  ; and  a 
fteady  uniform  motion  is  maintained  by  m.eans  of  the 
fly. 

See  the  fig.  of  this  machine,  pk  12,  fig.  7. 

Smoke  Jack,  is  an  engine  ufed  for  the  fame  purpofe 
with  the  common  Jack,  and  is  fo  called  from  its  being 
moved  by  means  of  the  fmoke,  or  rarefied  air,  afcending 
the  chimney,  and  ftriking  againft  the  fails  of  the  hori- 
zontal wheel  AB  (plate  12,  fig.  8),  w’hich  being  inclined 
to  the  horizon,  is  moved  about  the  axis  of  the  wheel, 
together  with  the  pinion  C,  wdiich  carries  the  wdieels 
T)  and  E ; and  E carries  the  chain  F,  wEich  turns 
th^  fpit.  The  wheel  AB  fhould  be  placed  in  the  nar- 
row'’ part  of  the  chimney,  wEere  the  motion  of  the 
fmoke  is  fwifteft,  and  where  alfo  the  greateft  part  of 
it  muft  ftrike  upon  the  fails. — The  force  of  this  ma- 
chine depends  upon  the  draught  of  the  chimney,  and 
the  ftrength  of  the  fire. 

]ACK~archf  in  Architecture,  is  an  arch  of  one  brick 
thicknefs. 

]kCK.-heady  in  Hydraulics,  a part  fometimes  annexed 
to  the  forcing  pump. 

JACOB’ s-C/^  a mathematical  inftrument  for 
taking  heights  and  diftances  ; the  fame  with  the  Crofs- 
ftaff ; which  fee.  C 

JACOBUS,  a gold  coin,  worth  25  fhilHngs ; fo  v 
called  from  king  James  the  firft  of  England,  in  whofe 
reign  it  was  ftruck.  They  diftlnguiflied  two  kinds  of 
the  Jacobus,  the  old  and  the  new^ ; the  former  valued  at 
25  fliillings,  w^eighing  6 dwls  logrs;  the  latter,  called 
alfo  Carolus,  valued  at  23  ftiillings,  and  weighing 
5 dwts  20  grains. 

JAMBS,  or  Jaums,  in  Architecture,  are  the  up- 
right fides  of  chimneys,  from  the  hearth  to  the  mantle- 
tree.  Alfo  door  pofts,  or  the  upright  polls  at  the 
ends  of  the  wundow  frames. 

St  JAMES’ s Day,  a feftival  in  the  calendar,  ob- 
ferved  on  the  25th  of  July,  in  honour  of  St.  James  the 
apoftle. 

JANUARY,  the  firft  month  of  the  year,  accord- 
ing to  the  computation  now  ufed  in  the  Weft,  and  con- 
taining 3 1 days ; fo  called  by  the  Romans  from 
Janus,  one  of  their  divinities,  to  whom  they  gave  two 
faces  ; becaiife  on  the  one  fide,  the  firft  day  of  this 
month  looked  towards  the  new  year,  and  on  the  other 
towards  the  old  one.  The  name  may  alfo  be  derivea 
from  Janua,  a gate  ; this  month,  being  the  firft  of  the 
year,  may  be  confidered  as  the  gate  or  entrance  of  it. 

^ ^ January. 
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: January  and  February  were  introduced  into  the  year 
oy  Numa  Pompilius  ; Romulus’s  year  beginning  with 
the  month  of  March. 

. JAUMS.  See  Jambs. 

ICE,  a brittle  tranfparent  body,  formed  of  fome 
fluid,  frozen  or  fixed  by  cold.  The  fpecific  gravity 
of  Ice  to  water,  is  various,  according  to  the  nature  and 
circumftances  of  the  water,  degree  of  cold,  &c.  Dr. 
Irving  (Phipps’s  Voyage  towards  the  North  Pole) 
found  the  denfell  Ice  he  could  meet  with  about  a 14th 
part  lighter  than  water.  M.  de  Mairan  found  it,  at 
different  trials,  I-I4th,  i8th,  or  19th  lighter  than 
water  ; and  wlien  the  water  was  previoufly  purged  of 
air,  only  a 2 2d  part. 

The  rarefaction  of  Ice  has  been  fuppofed  owing  to  the 
air-bubbles  produced  in  Ice  while  freezing;  thefe,  being 
confiderably  large  in  proportion  to  the  water  frozen, 
render  the  ice  fo  much  Ipecifically  lighter.  It  is  well 
known  that  a confiderable  quantity  of  air  is  lodged  in 
the  interftices  of  water,  though  it  has  there  little  or  no 
claitic  property,  on  account  of  the  dilunion  of  its  par- 
ticles ; but  upon  thefe  particles  coming  clofer  together, 
■and  uniting  as  the  water  freezes,  light,  expanfive,  and 
elaffic  air-bubbles  are  thus  generated,  and  increafe  in 
bulk  as  the  cold  grow's  ftronger,  and  by  their  elaliic 
force  burils  to  pieces  any  vcfftl  in  which  the  w'ater  is 
^rlofely  contained.  But  fnow-water,  or  any  w'ater  long 
boiled  over  the  fire,  a»» brds  an  Ice  more  folid,  and  with 
fewer  bubbles.  Pure  water  long  kept  in  vacuo  and 
frozen  afterwards  there,  freezes  much  fooner,  on  being 
expofed  to  the  fame  degree  of  cold,  than  water  un- 
purged of  its  air  and  let  in  the  open  atmofphere.  And 
tlie  Ice  made  of  water  thus  diveffed  of  its  air,  is  much 
harder,  more  folid  and  tranfparent,  and  heavier  than 
common  Ice. 

But  M.  de  Mairan,  in  a differtation  on  Ice,  attri- 
butes the  increafe  of  the  bulk  of  the  water  under  this 
form,  chiefly  to  a different  arrangement  of  its  parts  : 
the  icy  fi<in  on  water  being  compofed  of  filaments 
which  are  found  to  be  joined  conitantly  and  regularly 
at  an  angle  of  60®,  and  which,  by  this  diJpofition,  oc- 
iiupy  a greater  volume  than  if  they  were  parallel.  Be- 
iides,  after  Ice  Is  formed,  he  found  it  continue  to 
expand  by  cold  ; a piece  of  Ice,  which  was  at  firft 
only  a T4tli  part  fpecifically  ligliter  tlian  water,  ou 
being  expofed  fome  days  to  the  frolf,  became  a 12th 
part  lighter  ; and  thus  he  accounts  for  the  burfting  of 
Ice  in  pondd- 

It  appears  from  an  experiment  of  Dr.  Hooke,  in 
1663,  that  Ice  refracts  the  light  lefs  than  water; 
whence  he  Infers,  that  the  iightnefs  of  lee,  which 
caiifes  it  to  fwim  in  water,  is  not  produced  merely  by 
the  fmall  bubbles  which  are  vifible  in  it,  but  tliat  it 
arifes  from  the  uniform  conffitution  or  general  texture 
of  the  whole  mafs  ; a fadl  which  was  afterward  con- 
firmed by  M.  de  la  Hire.  See  Hooke’s  Exper.  by 
Derham,  p.  26,  Acad.  Per.  1693,  Mem.  p.  25. 

Sir  Robert  Barker  thus  deferibes  the  procefs  of 
■making  Ice  in  the  Ealt  Indies,  in  a country  where  he 
never  law  any  natural  Ice.  On  a large  plain  they  dig 
three  or  four  pits,  each  about  30  feet  fquare,  and  z 
feet  deep  ; the  bottoms  of  wiiich  are  covered,  about  8 
oi-'U  inches  thick>  with  fugar-cane,  or  the  ilenis  of  the 


large  Indian  corn,  dried.  On  this  bed  are  placed  in 
rows  a number  of  fmall  fliallow  iinglazed  earthen  pans, 
formed  of  a very  porous  earth,  a quarter  of  an  inch 
thick,  and  about  an  inch  and  a quarter  deep  ; which, 
at  tlie  dufic  of  the  evening,  they  fill  with  foft  water 
that  has  been  boiled.  In  the  morning  before  funrife 
the  Ice-makers  attend  at  the  pits,  and  colledf  what  has 
been  frozen  in  bafl^ets,  which  they  convey  to  the  place 
of  prcfervatlon.  Tin's  is  ufiially  prepared  in  fome  high 
and  dry  fituation,  by  finking  a pit  14  or  15  feet  d.eep, 
which  they  line  firft  with  ffraw,  and  then  with  a coarfe 
kind  of  blanketing.  The  Ice  is  depoiited  in  this  pit, 
and  beaten  down  with  rammers,  till  at  length  its  own 
accumulated  cold  again  freezes  it,  and  it  forms  one 
folid  mafs.  The  mouth  of  the  pit  is  well  fecured  from 
the  exterior  air  with  ffraw  and  blankets,  and  a thatched 
roof  is  thrown  over’the  whole.  Phiiof.  Tranf.  vol.  65, 
p;  252. 

ICHNOGRAPHY,  in  Architedlure,  is  a tranfverfe 
or  horizontal  fcdlion  of  a building,  exhibiting  the 
plot  of  the  whole  ediffee,  and  of  the  feveral  rooms  and 
apartments  in  any  ftory  ; together  Avith  the  thicknefs 
of  the  walls  and  partitions  ; the  dimenfions  of  the 
doors,  Avindows,  and  chimneys  ; the  projeftiires  of  the 
columns  and  piers,  with  every  thing  vifible  in  fuch  a 
fe6lion. 

IcHNOGRAPHY,  ill  Fortification,  is  the  plan  or  re- 
prefentation  of  the  length  and  breadth  of  a fortrefs  ; 
the  diftindl  parts  of  Avhich  are  marked  out,  either  on 
the  ground  itfclf,  or  upon  paper. 

Ichnography,  in  Perfpedtive,  the  vicAv  of  any  thing 
cut  off  by  a plane  parallel  to  the  horizon,  juft  by  the 
bafe  or  bottom  of  it;  being  the  fame  with  Avhat  is 
othei'Avife  called  the  plan,  geometrical  plan,  or  ground- 
plot,  of  any  thing,  and  is  oppofed  to  Orthography  or 
Elevation. 

ICOSAEDRON,  or  Icosah  fdron,  one  of  the  fiv^c 
regular  bodies  or  folids,  terminated  by  twenty  equila- 
teral and  equal  triangles.  It  may  be  confidered  as 
confiding  of  20  equal  and  limilar  triangular  pyra- 
mids, AA'hofe  vertices  meet  in  the  centre  of  a fphere  con- 
ceiA’c-d  to  circumferibe  it,  and  therefore  having  all 
their  lieights  and  bafes  equal ; therefore  the  folidity  of 
one  of  thofe  pyramids  multiplied  by  20,  the  number  of 
them,  gives  the  folid  content  of  the  Icofaedron. 

To  form  or  make  the  -Defcribe  upon  a 

card  pajMir,  or  fome  otlier  fuch  like  fiibftancc,  20  equi- 
lateral triangles,  as  in  the  figure  at  the  article  Regular 
Body.  Cut  it  out  by  the  extreme  edges,  and  cut  all 
the  other  lines  half  tlirough,  then  fold  the  Tides  up  by 
thefe  edges  half  cut  through,  and  the  folid  will  be 
formed. 

The  linear  edge  or  fide  of  the  Icofaedron  being  A, 
then  Avill  the  furface  be  5A*^^/3  = 8*66025.} oA% 
and  the  folidity  = 

I AS  \/  =:  2-i8i695oAs. 

More  generally,  put  A ==  the  linear  edge  or  fide,  B 
the  furface,  and  C the  folid  content  of  the  Icofaedron, 
alfo  r the  radius  of  the  inferibed,  and  R the  radius  of 
the  circumferibing  fphere,  tl.ien  we  have  thefe  general 
equations,  viz, 

iff, 
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itt,  A = 1,2.  - 1 8 v/5  = R"/  


15  2 


2d,  B = y-^  X 7v/.^-d\/J5  — ^R^  X 5 v/3  — y^i 5 

: 5AV3  = l^'l0^/i-Z0ViS- 

3d,  C =ior3  X 7\/3-.V'^  = |R’^io'+  2^5 

^ A3V' I±l^  = Iv' j3_ 
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is  proporticnal  to  the  fquare  of  the  velocity  of  the 
v/ater  nearly ; and  therefore  the  defei^  in  the  height 
will  be  nearly  in  the  fame  proportion,  which  is  aU'o 
the  fame  as  the  proportion  of  the  heights  of  the  refer- 
yoirs  above  the*  ajutage.  Hence,  and  from  experience, 
it  is  found  that  a Jet,  properly  conflrudted,  will  rife 
to  different  heights  according  to  the  height  of  the  re- 
fervoir,  as  in  the  following  table  of  the  heights  of 
refervoirs  and  the  heights  of  their  correfponding  Jets; 
the  former  in  feet,  and  the  latter  m feet  and  tenths  of 
a foot. 


4th,  R “ r-t/ 15  — (>\/ S — l-^V^ = 


30 


V -i- 


Cv/ElEl, 


10 


;th, 


R^Ltile'i  |As/E±i/5 

K ^ 6 


l\/?>  + 3 k/^5 


B 


73/3  + 3v/i5 


C. 


See  my  Menfuration,  p.  258,  2d  edit. 

IDES,  in  the  Roman  Calendar,  a name  given  to  a 
feries  of  8 days  in  each  month  ; which,  in  the  full 
months,  March,  May,  July,  and  Oftober,  commenced 
on  the  15th  day;  and  in  the  other  months,  on  the 
.13th  day;  from  thence  reckoned  backward,  fo  as  in 
thofe  four  months  to  terminate  on  the  8th  day,  and  in 
the  reft  on  the  6th.  Thefe  came  between  the  calends 
and  the  nones.  And  this  way  of  counting  is  ftiil  ufed 
in  the  Roman  Chancery,  and  in  the  Calendar  of  the 
Breviary. 

The  Ides  of  May  were  confecrated  to  Mercury ; 
the  Ides  of  March  were  always  efteemed  unhappy, 
after  the  death  of  Caefar  ; the  time  after  the  Ides  of 
June  rvas  reckoned  fortunate  for  thofe  who  entered  into 
matrimony ; the  Ides  of  Aiiguft  were  confecrated  to 
/ Diana,  and  were  obferved  as  a feaft  by  the  flaves ; on 
the  Ides  of  September,  auguries  were  taken  for  ap- 
pointing the  magiftrates,  wdio  formerly  entered  into 
their  offices  on  the  Ides  of  May,  and  afterwards  on 
thofe  of  March. 

JET  d’eau,  a French  word,  fignifying  a fountain 
tliat  throws  up  water  to  fome  height  in  the  air. 

A Jet  of  water  is  thrown  up  by  the  weight  of  the 
column  of  wmter  above  its  ajutage,  or  orifice,  up  to 
its  fource  or  refervoir  ; and  therefore  it  would  life  to 
the  fame  height  as  the  head  or  refervoir,  if  certain 
oaufes  did  not  prevent  it  from  rifing  quite  fo  high. 
For  firft,  the  velocity  of  the  lower  particles  of  the 
Jet  being  greater  than  that  of  the  upper,  the  lowTr 
v/ater  ftrikes  that  which  is  next  above  it ; and  as  fluids 
prefs  every  way,  by  its  impulfe  it  widens,  and  con- 
iequently  fliortens  the  column.  Secondly,  the  wmter./ 
at  the  top  of  the  Jet  does  not  immediately  fall  off, 
but  forms  a kind  of  ball  or  head,  the  weight  of  which 
deprefl'es  the  Jet  ;■  but  if  the  Jet  be  a little  inclined j 
or  not  quite  upright,  it  will  play  higher,  though  it 
will  not  be  quite  fo'  beautiful.  Thirdly,  the  friction 
againft  the  fides  of  the  pipe  and  hole  of  the  ajutage,; 
will  prevent  the  Jet  from  rifing  quite  fo  high,  and  a; 
fmall  one  will  be  more  impeded  than  a large  one, 
Aiid  .the  fourth  caufe  is  the,  refiftance  of  the  airjy'liich  . 


, . , , — . ... 

Heights  of  Refervoir s and  their  Jets, 

Ref. 

Jet. 

Ref. 

Jet. 

1 Ref. 

Jet. 

Ref. 

Jet. 

5 

4*9 

31 

28-3 

57 

49*0 

82 

67*0 

6 

5*9 

22 

29*2 

58 

49*7 

83 

67-7 

7 

6*8 

33 

30*0 

59 

50-5 

84 

68*4 

8 

7*8 

34 

30-8 

60 

51*2 

85 

69*1 

9 

87 

35 

31*6 

61 

52-0 

86 

69*8 

10 

9*7 

36 

327 

62 

527 

87 

707 

1 1 

io‘6 

37 

33*3 

63 

53*5 

88 

71*1 

12 

1 1 '6 

38 

34*1 

64 

54*2 

89 

71*8 

12*5 

39 

34*9 

65 

54’9 

90 

727 

H 

13*4 

40 

35*7 

66 

55*7 

91 

73*2 

14*3 

41 

36-6 

67 

56-4 

92 

73-8 

16 

15*2 

42 

37'4 

68 

57*1 

93 

74*5 

17 

i6‘i 

43 

38-1 

69 

57-8 

94 

75*2 

18 

17*0 

44 

38-9 

70 

58-6 

95 

75-8 

19 

17*9 

45 

39’8 

71 

59'3 

96 

76-5 

20 

i8'8 

46 

40-5 

72 

60 ‘O 

97 

77*2 

21 

197 

47 

41*3 

73 

607 

98 

77*8 

22 

20*6 

48 

42*1 

74 

61  *4 

99 

78-5 

23 

21*5 

49 

42-9 

75 

62*1 

100 

79*1 

24 

22*3 

50 

43*7 

76 

62’8 

1 10 

85 ’6 

25 

23*2 

5^ 

44*4 

77 

637 

120 

91*9 

26 

24*1 

52 

45*2 

78 

64*2 

130 

98-0 

27 

24*9 

53 

460 

79 

64’9 

140 

104 

28 

25'8 

54 

467 

80 

65-6 

150 

1 10 

29 

26*6 

55 

47*5 

81 

66*3 

160 

116 

30 

27*5 

56 

48*2 

By  various  experiments  that  have  been  made  by 
Mariotte,  Defaguliers,  and  others;  it  has  been  found; , 
that  if  the  refervoir  be  5 feet  high,  a condu<ft  pipe 
inch  diam.eter  wull  admit  a hole  in  the  ajutage  from  ii 
to  I of  an  inch ; and  fo  on  as  in  the  following  table  r T 


Height 

Diam.  of  the' 

Diam.  of  the 

Refervoir. 

Ajutage. 

Condudl  Pipe, 

5 feet 

d to  1 inch  - 

--  id  inchA 

IQ  - 

- 

0 

f 

1 

» 2 

15  - 

I 

“ 2|j 

20 

“ 

1 

T " * ■ - - “ 

- 2i. 

25-  - 

- • 

J 1 » 

a 

- 2^* 

30  - 

4 to,..d  - »- 

- 3^ 

40  - 

- 

a 

4: 

" 4x' 

50 

3 

4 

“ 5f 

60  - 

m 

I . 

- 5|or6. 

80 

- 

id  - 

- 6 |-  or  7 

iOO  -- 

llfto  l i - 

- 7 or  8 

But? 
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Blit  tlie  fixe  of  tlie  pipe  will  be  more  or  lefs  willi  the 
diilance. 

If  it  be  required  to  keep  any  number  of  Jets  of 
given  dimenfions  playing,  by  one  common  conduft-pipe; 
the  diiuneter  of  an  ajutage  muft  be  found  that  fliall  be 
equal  to  all  the  fmall  ont*s  that  arc  given,  and  from 
this  its  proper  coiidudt-pipe.  Thus,  if  there  be  4 
ajutages,  each  d of  an  inch  diameter  ; then  the  fquare 

01  j is  which  multiplied  by  4,  the  number  of  them, 
makes  ff,  the  fquare  root  of  which  is  ^ or,  i j,  the 
diameter  of  an  ajutage  equal  to  all  the  other  four  ; to 
which  in  the  table  aniwers  a pipe  of  8 inches  diameter. 
In  general,  tlie  diameter  of  the  condii6t-pipe  fiiould  be 
about  6 times  that  of  the  ajutage. 

See  Mariotte’s  Mouvement  des  Eaux  ; Defaguliers’s 
Exper.  Philof.  voh  2,  p.  127,  &c  ; Clare’s  Motion  of 
Fluids,  p.  109  ; &c. 

JETTE,  the  border  made  round  the  (lilts  under  a 
pier,  in  certain  old  bridges,  being  the  fame  with  liar- 
ling,  confiding  of  a drong  framing  of  timber  filled 
with  Hones,  chalk,  <Scc  ; to  prefcrve  the  foundations  of 
the  piers  from  injury. 

IGNIS  Fat u IIS,  a common  meteor,  chiefly  feen  in 
dark  nights  about  meadows,  marfhes,  and  other  moid 
places,  as  alio  in  burying  grounds,  and  near  dung-hills. 
It  is  known  among  tlie  people  by  the  appellations, 
Will  with  aWiip,  and  Jack  with  a Lantern. 

Er.  Shaw  defcrd:)es  a remarkable  l^^is  Fatiuis, 
which  he  faw  in  the  Holy  Land,  tliat  was  fometimes 
globular,  or  in  the  form  of  the  flame  of  a candle  ; 
and  prefently  afterward  it  fpread  itfelf  fo  much  as 
to  involve  the  whole  company  in  a pale  harmlefs 
light,  and  then  contracl  itfelf  again,  and  fuddenly 
difappear.  But  in  lels  than  a minute  it  would  be- 
come vilible  as  before  ; or,  running  along  from  one 
place  to  another,  with  a fwift  progredive  motion, 
would  expand  itfelf  at  certain  intervals  over  more  tlian 

2 or  3 acres  of  tlic  adjacent  mountains.  The  atmo- 
fplierc  had  been  thick  and  hazy,  and  the  dew  on  the 
horfes’  bridles  w'as  uncommonly  clammy  and  iindtuous. 
In  the  fame  A*.eath.er  he  obferved  thofe  luminous  ap- 
pearances, which  ikip  about  tlie  malls  and  yards  of 
diips  at  fea,  and  winch  the  failors  call  corpufanfe,  by  a 
corruption  of  the  Spanidi  cuerpofanto.  Shaw  ’s  Travels, 

Newton  calls  it  a vapour  fliining  without  heat  ; and 
fuppofed  it  to  be  of  the  fame  nature  wn’th  the  light 
jfluing  from  putrefeent  fubltances.  Willughby  and 
Ray  were  of  opinion  that  it  is  occafioned  by  fltining 
infects  : but  all  the  appearances  of  it  obferved  by 
Eerham,  Beccaria,  and  others,  fufriciently  evince  that 
it  mud  be  an  ignited  vapour.  Inflammable  air  has 
been  found  to  be  the  mod  common  of  all  the  fadlitious 
airs  in  nature  ; and  that  it  is  the  ufoal  product  of  the 
putrefadlion  and  decompofition  of  vegeGible  fubdances 
in  w'ater.  Signor  Volta  wmites  to  Er.  Priellley,  that 
he  fires  inflammable  air  by  the  eledlric  fpark,  even 
when  the  eledlricity  is  very  moderate  : and  he  fuppofes 
that  this  experiment  explains  the  inflammation  or  the 
Ignes  Fatui,  provided  they  confid  of  inflammable  air, 
iiTuing  from  marfhy  ground  by  help  of  the  eledbicity 
of  fogs,  and  by  falling  liars,  which  have  probably  an 
eledlrical  origin.  See  Priedley’s  Obf.  on  Air,  vol.  3, 
p.  382  ; the  Philof.  Triinf.  Abr.  voi.  7,  p.  147  See. 
Vol.  I. 


ILLUMINATION,  the  aT  or  effstl  of  a lumi- 
nous body,  or  a body  that  emits  light  ; fometimes 
alio  the  date  of  another  body  that  receives  it. 

Circle  of  Illumination.  See  Circle. 

^ ILLUMINATIVE  lAinar  Month,  the  fpace  of 
time  that  the  moon  is  vifible,  between  one  conjuiiclioii 
and  another. 

IMAGE,  in  Optics,  is  the  fpedlre  or  appearance  of 
an  objefl,  made  either  by  reflection  or  refraClion. 

In  all  plane  mirrors,  the  Image  is  of  the  fame  mag- 
nitude as  the  objeCt ; and  it  appears  as  Iqr  behind 
tlie  mirror  as  the  objeed  is  before  it.  In  convex 
mirrors,  the  Image  appears  lefs  than  the  objecl  ; and 
farther  didant  from  the  centre  of  the  convexity,  than 
from  the  point  of  reflection.  Mr.  Molyneiix  gives  the 
following  rule  for  finding  the  diameter  of  an  Image* 
projected  in  the  didinCt  bafe  of  a convex  mirror,  viz, 
As  the  dillanec  of  the  objeCl  from  the  mirror,  is  to 
the  didance  from  the  Image  to  the  glafs  ; fo  is  the 
diameter  of  the  objeCt,  to  the  diameter  of  the  Image. 
See  Lens,  Mirror,  Reflection,  and  Refraction. 

IMAGINARY  ti^antities,  or  ImpoOible  Quantities, 
in  Algebra,  are  the  even  roots  of  negative  quantities  ; 
which  expreflionsare  Imaginary,  orimpoiTible,  oroppofed 
to  real  quantities  ; as  — aa,  or  ;^/  — See.  For,  as 
every  even  pow'cr  of  any  quantity  wliatever,  whether 
pofitive  or  negative,  is  necefl'arily  pofitive,  or  having 
the  iign  -f , becaufe  -f-  by  -f-,  or  by  — give  equally 
+ ; from  hence  it  follows  that  every  even  power,  as 
the  fquare  for  inllance,  wliich  is  negative,  or  having 
the  lign  — , has  no  pofiible  root  ; and  therefore  the 
even  roots  of  fuch  powers  or  quantities  are  faid  to  be 
impoflible  or  Imaginary.  The  mixt  expreflions  arifing 
from  Imaginary  quantities  joined  to  real  ones,  are  alfo 
Imaginary  ; as  ^ — aa,  or  v/  — aa. 

The  roots  of  negative  quantities  w'cre,  perhaps,  fird 
treated  of  in  Cardan’s  Algebra.  As  to  the  uneven  roots 
of  Inch  quantities,  lie  fliew'S  that  they  are  negative,  and 
he  afligns  them  ; but  the  even  roots  of  them  he  re- 
jcCls,  obferving  tliat  they  are  nothing  as  to  common 
life,  being  neither  one  thing  nor  another ; that  is,  they 
are  merely  Imaginary  or  impoflible.  And  lince  his 
time,  it  has  gradually  become  a part  of  Algebra  to 
treat  of  the  roots  of  negative  quantities.  Afoert  Gi- 
rard, in  Ins  Invention  Nouvelle  en  Pjllgchre,  p.  42,  gives 
names  to  the  three  forts  of  roots  of  equations,  calling 
them,  greater  than  nothing,  lefs  than  nothing,  and 
envelopee,  as  v' — 3 : but  this  was  foon  after  called 
Imaginary  or  impolfible,  as  appears  by  Wrdlis’s  Alge- 
bra, p.  264,  &c  ; where  he  obferves  that  the  fquare 
root  of  a negative  quantity,  is  a mean  proportional  be- 
tween a pofitive  and  a negative  quantity  ; as  ,y/  — be 
is  the  mean  proportional  between  -f-  b and  —c,  or  be- 
tween — b and  -}-  c ; and  this  he  exemplifies  by  geome- 
trical conllruClions.  See  alfo  p.  313. 

The  arithmetic  of  thefe  Imaginary  quantities  has 
not  yet  been  generally  agreed  upon  ; viz,  as  to  the 
operations  of  multiplication,  divilion,  and  involution  ; 
fome  authors  giving  the  refults  with  4 , and  otliers  011 
the  contrary  with  the  negative  fign  — . Thus,  Euler, 
in  his  Algebra,  p.  106  &c,  makes  the  fquare  of  ^/  — 3 
to  be  — 3,  of  v/— I to  be  — i,  &:c  ; and  yet  lie 
makes  the  produCl  of  two  impofiibies,  when  they  are 
unequal,  to  be  podible  and  rci  ; as  -v/  — 2 x ~ 3 
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\/6 ; and  1 X ^ — 4 — ^/4  or  2.  Hot  bow 

ean  the  equality  or  inequality  of  the  fadors  caufe  anv 
fhfterence  in  the  figns  of  the  produas  ? 

It  v'~2  X a/  — 3 be  =ry^-f6,  how  can 

a/ “"3 5 which  is  the  fquare  of  y' ~ 3,  be 
~ 3 Again,  he  makes  ^ ^ x ^/ + s = ^ 

Alio  m divilion,  he  makes  — a-^  J — i to  be  — 
+ 4 or  2 ; and  ^ + 3 1 /j,  k ^ , hfo 

that  I cr  ^/+  I v'-  I ; 

coaufequently,  muLipIying  the  quotient  root  ^/  — i by 
the  divifor  \/  ~ miift  give  the  dividend  ^ -f  i ; and 
yet,  Dy^fquanng,  he  makes  the  fquare  of  or 

the^proGudf  ^Z-—  i x equal  to  — i. 

But  Emerfon  makes  the  produa:  of  Imaginaries  to  be 
Imaginary  ; and  for  this  reafon,  that  ^ 

real  produft  would  be  raifed  from  impolTible  factors, 
which  is  abfurd.  Thus, 

\/  — a X — h=.  ~ ah,  and  s/ a X— ^-^hz=. 

— — ah,  &c. 

Allp  kj  ■—  a X — a ~ — a,  and  a/  — ^X—a/  — — 
+ <2,  &c.” 

And  thus  moft  of  the  writers  on  this  part  of  Algebra, 
are  pretty  equally  divided,  fome  making  the  produd 
of  impoffibles  real,  and  others  Imaginary, 

In  the  Philof.  Tranf.  for  1778,  p.  318  &c,  Mr. 
Playfair  has  given  an  ingenious  differtation  ‘‘  On  the 
Arithmetic  of  ImpolTible  Quantities.”  But  this  re- 
lates chiedy  to  the  applications  and  ufes  of  them,  and 
not  to  the  algorithm  of  them,  or  rules  for  their  pro- 
duds,  quotients,  fquares,  &c.  From  fome  operations 
however  here  performed,  w^e  learn  that  he  makes  the 
produd  of  v'—  I by  >y/—  I,  or  the  fquare  of  v'  — i, 
to  be  — I ; and  yet  in  another  place  he  makes  the 
produd  of  ^—  I and  a/ i — si^tobe  a/ A i q_ 

Mr.  Playfair  concludes,  ‘‘  that  Imaginary  expreffions 
are  never  of  ufe  in  inveftigations  but  when  the  fubjed 
is  a property  common  to  the  meafures  both  of  ratios  and 
of  angles  ; but  they  never  lead  to  any  confequence 
which  might  not  be  drawn  from  the  affinity  between 
thofe  meafures  ; and  that  they  are  indeed  no  more 
than  a particular  method  of  tracing  that  affinity.  The 
dedudions  into  which  they  enter  are  thus  reduced  to 
an  argument  from  analogy,  but  the  force  of  them  is 
not  diminiffied  on  that  account.  The  laws  to  which 
this  analogy  is  fubjed  ; the  cafes  in  which  it  is  perfed 
in  which  it  fuffeis  certain  alterations,  and  in  which  it  is 
wholly  interrupted,  are  capable  of  being  precifely  af- 
certained.  Supported  on  fo  fure  a foundation,  the 
arithmetic  of  impoffible  quantities  will  always  remain 
an  ufeful  inftrument  in  the  difcovery  of  truth,  and  may 
be  of  fervice  when  a more  rigid  analyfis  can  hardly  be 
applied.  For  this  reafon,  many  refearches  concernino- 
It,  which  in  themfelves  might  be  deemed  abfurd  are 
neverthelefs  not  deftitute  of  utility.  M.  Bernoulli  has 
found,  for  example,  that  if  r be  the  radius  of  a circle, 

the  circumference  is  = Confidered 

as  a quadrature  of  the  circle,  this  Imaginary  theorem  is 
wholly  infignificant,  and  would  defervedly  pafs  for  nn 
abufe  of  calculation  ; at  the  fame  time  we  learn  from 

it,  that  if  in  any  equation  the  quantity  \ 

a/—  1 


ffiould  occur,  it  may  be  made  to  difappcar,  by  the  fub- 
Ititution  oi  a circular^  arch,  and  a pi  operty,  common 
to  both  the  circle  and  hyperbola,  may  be  obtained. 
I he  lame  is  to  be  obferved  of  the  rules  which  have 
been  invented  for  the  transformation  and  redudion  of 
impoffible  quantities  * ; they  facilitate  the  operations 
ot  this  imaginary  arithmetic,  and  thereby  lead  to  the 
knoAvIedge  of  the  moil  beautiful  and  extenllve  analog’y 
which  the  dodrine  of  quantity  has  yet  exhibited 

The  rules  chiefly  referred  to^  are  thofr^for  rel 
ducing  the  impoffible  roots  of  an  equation  to  the  form 
A + b^Z— I.” 

Imaginar-/  of  an  equation,  are  thofe  roots- 

or  ^vauies  of  the  unknown  quantity  in  an  equation, 
Avhich  contain  fome  Imaginary  quantity.  So  the  roots 
of  the  equation  aw  + aa  = o,  are  the  two  Imaginary 
quantities  + — a a und  — ~ a a,  or  -j-  a - 1 

^ V I 5 alfo  the  tivo  roots  of  the  equation 
^ 1^  aa  rr  o,  are  ^the  Iiuaginary  quantities 

equation 

— I -j- 


2,^  a/  3 

— I 

a/-  3 


and  the  three  roots  of 


and 


o,  or 

— I - 


X 


.■3 


= I , are  i 


a/~  3 


the 

and 


the  firll  real, 


2 2 

and  the  two  latter  Imaginary.  Sometimes  too  the  real 
root  of  an  equation  may  be  exprcffed  by  Imaginary 
quantities  ; as  in  the  irreducible  cafe  of  cubic  equations, 
when  the  root  is  expreffed  by  Cardanos  rule  ; and  that 
happens  whenever  the  equation  has  no  Imaginary  roots 
at  all  ; but  wnen  it  has  two  Imaginary  roots,  then  the 
only  real  root  is  expreffed  by  that  rule  in  an  Imaginary 

fJ  paper  on  Cubic  Equations,  in  the 
Philof.  Tranf.  for  1780,  p.  406  &c. 

Albert  Girard  firil  treated  exprefsly  on  the  impoffible 
or  Imaginary  roots  of  equations,  and  fliewed  that  every 
equation  has  as  many  roots,  either  real  or  Imaginary, 
as  the  index  of  the  higheft  power  denotes.  Thus,  the 
roots  of  the  biquadratic  equation  =z  ax  — 2 he 
mews  are  two  real  and  two  Imaginary,  viz,*  i 

7 ^ t and  ~ I 2 ; and  he 

renders  the  relation  general,  between  all  the  roots 
and  the  coefficients  of  the  terms  of  the  ,equation. 
bee  his  Invenfwn  Nauvdle  en  VAlgehre,  anno  1620, 
theor.  2,pa.  40  &c. 

M.  D’Alembert  demonftrated,  that  every  Imaginary 
root  of  unj  equation  can  always  be  reduced  to  thL 

K f quantities. 

And  hence  it  was  alfo  fhewn,  that  if 

one  root  of  an  equation  be  - e + f j 

another  root  of  it  will  always  be  - ^ 

and  lienee  it  appears  that  the  number  of  the  ImaErinary 
loots  in  any  equation  is  always  even,  if  any  • i e 

olTTrderyrfTTlinTiS’  " 

_ 1 0 diicover  how  many  impoffible  roots  are  contained 

bis  a7’  Newton  gave  this  rule,  in 

s Algebra,  viz,  Conftitute  a fenes  of  fradlions,  whofe 
denominators  are  the  fen'es  of  natural  numbers  1,2, 
4.  5.  «c,  continued  to  the  number  ffiewlnn-  the  index 
or  exponent  of  the  highell  term  of  the  equations,  and 
their  numerators  the  fame  feries  of  numbers  in  the  con- 
trary  order  : and  divide  each  of  tliefe  fraaions  by  that 
next  before  It,  and  place- the  refultiiig  quotients  over 
the  intermediate  terms  of  the  equation;  then  under 
each  oi  the  intermediate  terms,  if  its  fquare  multiplied 


I M M 


I M P 
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hy  the  fraction  over  it,  be  greater  than  the  product:  of 
the  terms  on  each  fide  of  it,  place  the  fign  4"  ♦ but 
if  not,  the  fign  — ; and  under  the  hrft  and  lad  term 
place  the  fign  -j-.  Then  will  the  equation  have  as 
many  Imaginary  roots  as  there  are  changes  of  the  under- 
written figiis  from  -f-  to  — , and  from  — to  -f-.  So 
for  the  equation  -}-  q-v  — 6 = o,  the  feries 

of  fradtions  is  |,  1;  then  the  fecond  divided  by  the 
hrft  gives  ^ or  and  the  third  divided  by  the  fecond 
gives  j alfo  ; hence  thefe  quotients  placed  over  the 
intermediate  terms,  the  whole  will  Hand 

1 I 

T 5 

thus,  a'3  — 4-  — 6. 

4-  + — + 

Now  becaufe  the  fquare  of  tlie  2d  term  multiplied  by 
its  fuperferibed  fradtion,  is  which  is  greater  than 

qA'"*  the  produdt  of  the  two  adjacent-terms,  therefore 
the  fign  4-  is  fet  below  the  zd  term  ; and  becaufe  the 
fquare  of  the  3d  term  multiplied  by  its  overwritten  frac- 
tion, is  Va'^,  which  is  lefs  than  the  produdl  of 

the  terms  on  each  fide  of  it,  therefore  the  fign  — is 
placed  under  that  term  ; alio  the  fign  4-  is  fet  under 
the  firll  and  laft  terms.  Hence  the  two  changes  of  the 
underwritten  figns  4-  4*  — 4~>  the  one  from  4-  to  — , 
and  the  other  from  — to  -f , fhew  that  the  given  equa- 
tion has  two  impolfible  roots. 

When  two  or  more  terms  are  wanting  together,  un- 
der the  place  of  the  lit  of  the  deheient  terms  write  the 
fign  — , under  the  2d  the  fign  4-»  under  the  3d  — , 
and  fo  on,  always  varying  the  f^gns,  except  that  under 
the  lail  of  the  deficient  terms  mull  always  be  fet  the  fign 
4-,  when  the  adjacent  terms  on  both  fides  of  the  defi- 
cient terms  have  contrary  figns.  As  in  the  equation 

4*  ^ 4" 

4-  4-  — + — “h 

which  has  four  Imaginary  roots. 

The  author  remarks,  that  this  rule  will  fometiraes 
fail  of  difeovering  all  the  impolfible  roots  of  an  equa- 
tion, for  fame  equations  may  have  more  of  fuch  roots 
than  can  be  found  by  this  rule,  tho’  this  feldom  happens. 

Mr.  Maclaurin  has  given  a demonllration  of  this  rule 
of  Newton’s,  together  witli  one  of  his  own,  that  will 
nevcT  fail.  AikI  the  fame  has  alfo  been  done  by  Mr. 
Campbell.  See  Philof.  Tranf.  vol.  34,  p.^  104,  and 
vol.  35j  p-  5*5-  . 

The  real  and  imaginary  roots  of  equations  may  be 
found  from  the  method  of  fluxions,  applied  to  the  doc- 
trine of  maxima  and  minima,  that  is,  to  find  fuch  a va- 
lue of  .v  in  an  equation,  exprelfing  the  nature  of  a curve, 
made  equal  to  ‘Ui  abfciiTa  which  correfponds  to  the 
greatefi  and  leail  ordinate.  But  when  the  equation  is 
above  3 dimenfions,  the  computation  is  very  laborious. 
See  Stirling’s  treatife  on  the  lines  of  the  3d  order, 
Schol.  pr.  8,  pa.  59,  See. 

IMBIBE,  is  commonly  ufed  in  the  fame  fenfe  as 
abforb,  viz,  where  a dry  porous  body  takes  up  another 
that  is  moift. 

IMMENSE,  that  whofe  amplitude  or  extenfion  can- 
not be  equalled  by  any  meaiure  whatfoever,  or  how  of- 
ten foever  repeated. 

IMMERSION,  the  a6t  of  plunging  into  water,  or 
fome  other  fluid. 

Immersion,  in  A-firoiiorny,  is  when  a liar,  or 


planet  comes  io  near  the  fun,  that  it  cannot  he  feen  ; 
being  as  it  were  enveloped,  and  hid  in  the  rays  of  that 
luminary. 

Immersion  alfo  denotes  the  beginning  of  an  eclipfe, 
or  of  an  occultation,  when  the  body,  or  any  part  of  it 
juft  begins  to  difappear,  cither  behind  the  edge  of  ano- 
ther body,  or  in  its  lhadow.  As,  in  an  eclipfe  of  the 
moon,  when  Ihe  begins  to  be  darkened  by  entering  into 
the  lhadow  of  the  eartli : or  the  beginning  of  an 
eclipfe  of  the  fun,  when  the  moon’s  dilc  juft  begins 
to  cover  him : or  the  beginning  of  the  eclipfes  of 
any  of  the  fatellites,  as  thofe  of  Jupiter,  by  entering 
into  his  fiiadow ; or,  laftly,  the  beginning  of  an  occul- 
tation of  any  ftar  or  planet,  by  palfing  behind  the  body 
of  the  moon  or  another  planet.  In  all  thefe  cafes,  the 
darkened  body  is  faid  to  immerge,  or  to  be  immerged, 
or  begin  to  be  hid,  by  dipping  as  it  were  into  the  fhade. 
In  like  manner,  when  the  darkened  body  begins  to 
appear  again,  it  is  faid  to  emerge,  or  come  out  of  dark- 
nefs  again. 

IMPACT,  the  Ample  or  fingle  aftion  of  one  body 
upon  another  to  put  it  in  motion.  Point  of  ImpaCl,  is 
the  place  or  point  where  a body  acls. 

IMPENETRABILITY,  a quality  by  which  a 
thing  cannot  be  pierced  or  penetrated  ; or  a property 
of  body  by  wliich  it  fills  up  certain  fpaces,  fo  that  there 
is  no  room  in  them  for  any  other  body. 

IMPENETRABLE,  that  cannot  be  penetrated. 

IMPERFECT  Number^  is  that  whofe  aliquot  parts, 
taken  all  together,  do  not  make  a fum  that  is  equal  to 
the  number  Itfelf,  but  either  exceed  it,  or  fall  fhort  of 
it  ; being  an  abundant  number  in  the  former  cafe,  and 
a defedlive  number  in  the  latter.  Thus,  12  is  an 
abundant  Imperfedl  number,  becaufe  the  fum  of  all 
its  aliquot  parts,  i,  2,  3,  4,  6,  makes  16,  which  exceeds 
the  number  12.  And  10  is  a defeClive  Imperfedt 
number,  becaufe  its  aliquot  parts,  i,  2,  5,  taken  all 
together,  make  only  8,  which  is  lefs  than  the  number 
IO  Itfelf. 

IMPERIAL  Tahle^  is  an  inftrument  madeofbrafs, 
with  a box  and  needle,  and  ftaff,  &c,  ufed  for  mea- 
furing  of  land. 

IMPERVIOUS,  not  to  be  pervaded  or  entered  ei- 
ther becaufe  of  the  clofenefs  of  the  pores,  or  the  parti- 
cular configuration  of  its  parts. 

IMPETUS,  in  Mechanics,  force,  momentum,  mo- 
tion, &c. 

IMPOSSIBLE  or  Root,  the  fame  as 

Imaginary  ones  ; which  fee. 

IMPOST,  in  Arcliltedlure,  a capital  or  plinth,  to 
a pillar,  or  pilaftcr,  or  pier,  that  lupports  an  arch,  &c. 

IMPROPER  Frad'ion^  is  a fradtion  whofe  numera- 
tor is  either  equal  to,  or  greater  than,  its  denominator. 
As  ? or  I or  V.  An  Improper  fradlion  is  reduc^-’d 
to  a M'hole  or  mixt  number,  by  dividing  the  numerator 
by  the  denominator  ; the  quotient  is  the  integer,  and 
the  remainder  fet  over  the  divifor  makes  the  fraclional 
part  of  the  value  of  the  original  Improper  fradlion. 
Thus  f ~ I,  and  | and  = 3^.  So  that 

when  the  numerator  is  juft  equal  to  the  denominator, 
the  Improper  fradlion  is  exadlly  equal  to  unity  or  i ; 
but  whcii  the  numerator  is  the  greater,  the  fradlion  is 
greater  than  i. 

4 L 2 ■ IMPULSE, 
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IMPULSE,  the  fmgle  or  momentary  action  or 
force  by  which  a body  is  impelled ; in  contradif- 
tindlion  to  continued  forces  j like  the  blow  of  a ham- 
mer, &c. 

IMPULSIVE,  a term  applied  to  actions  by  im- 
pulfe. 

INACCESSIBLE  Height  or  Dijlance-,  is  that  which 
cannot  be  approached,  or  meafiired  by  adtiial  meafure- 
ment,  by  reafon  of  fome  impediment  in  the  way  ; as 
W'ater,  &c. 

See  Heights  and  Distances, 

INCEPTIVE,  of  Magnitude^  a term  iifed  by  Dr. 
Wallis,  to  exprefs  fuch  moments,  or  firft  principles,  as, 
though  of  no  magnitude  themfelves,  are  yet  capable  of 
producing  fuch  as  are.  See  Infinite,  and  Indivisi- 
ble. Thus,  a point  has  no  magnitude  itfelf,  but  is 
inceptive  of  a line,  which  it  produces  by  its  motion. 
Aifo  a line,  though  it  has  no  breadth,  is  yet  Inceptive 
of  breadth  ; that  is,  it  is  capable,  by  its  motion,  of 
producing  a furface,  which  has  breadth. 

INCH,  a common  EngliOi  meafure,  being  the  12th 
part  of  a foot,  or  3 barley  corns  in  length. 

INCIDENCE,  or  line  of  Incidence,  in  Mechanics, 
implies  the  dire6lion  or  inclination  in  which  one  body 
ftrikes  or  affs  on  another. — —In  the  incurfions  of  two 
moving  bodies,  their  Incidence  is  faid  to  be  Diredf  or 
Oblique,  as  the  direAions  of  their  motion  make  a 
ftraight  line,  or  an  angle  at  the  point  of  Impadt. 

Hngk  of  Incidence,  by  fome  writers,  denotes  the 
angle  comprehended  between  the  line  of  Incidence, 
and  a perpendicular  to  the  body  a6ted  on  at  the  point  of 
Incidence.  Thus,  fuppofe  AB  an  Incident  line,  and 
BE  a perpendicular  to  the  plane  CB  at  the  incident 
point  B jtf^en  ABF  is  the  angle  of  Incidence,  or  of  in- 
clination. 


But,  according  to  Dr,  Barrow,  and  fome  other  wri- 
ters, the  Angle  of  Incidence  is  the  complement  of  the 
, former,  or  the  angle  made  between  the  incident  line,  and 
the  plane  adhed  on,  or  a tangent  at  the  point  of  Inci- 
dence ; as  the  angle  ABC. 

It  is  demonftrated  by  optical  writers,  ill,  That 
the  Angle  of  Incidence,  of  the  rays  of  light,  is  always 
equal  to  the  angle  of  rededlion  j and  that  they  lie  in  the 
fame  plane.  And  the  fame  is  proved  by  the  writers  on 
Mechanics,  concerning  the  relledlion  of  elallic  bodies. 
That  is,  the  ZABF  = the  Z.FBD,  or  the 
Z.ABC  = the  Z.DBE. — 2d,  That  the  fines  of  the 
Angles  of  Incidence  and  refrad;ion  are  to  each  other, 
either  accurately,  or  very  nearly,  in  a given  or  conllant 
ratio.~-3dly.  That  from  air  into  glafs,  the  fine  of  the 
Angle  of  Incidence,  is  to  the  fine  of  the  angle  of  re- 
fraftion,  as  300  to  193,  or  nearly  as  14  to  9:  and,  on 
the  other  hand,  that  out  of  glafs  into  air,  the  fign  of  the 
Angle  of  Incidence,  is  to  the  fine  of  the  angle  of  refrac- 
tion, as  193  to  300,  or  as  9 to  14  nearly. 

Incidence  of  EcUpfe,  See  Eclipse  and  Immer-* 

SION. 


Hxb  of  Lncidence,  is  the  line  FB  perpendicular  to 
the  relieving  plane  at  the  point  of  Incidence  B. 

Cathetus  of  Incidence.  See  Cathetus,  and  Re- 
flection. 

Line  ^ Incidence,  in  Catoptrics,  denotes  a right 
line,  as  AB,  in  which  light  is  propagated  from  a ra- 
diant point  A,  to  a point  B,  in  the  furface  of  a fpe- 
ciilum.  The  fame  line  is  alfo  called  an  Incident  ray. 

^Incidence,  in  Dioptrics,  is  aright  line,  as 
AB,  in  which  light  is  propagated  iinrefradted,  in  the 
fame  medium,  from  the  radiant  point  to  the  furface  of 
the  refradting  body,  CBE. 

Point  of  Incidence,  is  the  point  B on  the  furface 
of  the  relieving  or  refradling  medium,  on  which  the 
Incident  ray  falls. 

Scruples  of  Incidence.  See  Scrupdes. 

INCIDENT  Ray^  is  the  line  or  ray  AB,  falling  on 
the  furface  of  any  body,  at  B. 

INCLINATION,  in  Geometry,  Mechanics,  or 
Phyfics,  denotes  the  mutual  tendency  of  two  lines, 
planes,  or  bodies,  towards  one  another  ; fo  that  their 
diredlions  make  at  the  point  of  concourfe  fome  certain 
angle. 

Inclination  of  the  Axis  of  the  Earth,  is  the  angle 
it  makes  with  the  plane  of  the  ecliptic  ; or  the  angle 
between  the  planes  of  the  equator  and  ecliptic. 


Inclination  of  a Line  to  a plane,  is  the  acute  angle, 
as  CDE,  which  the  line  CD  makes  with  another  line 
DE  drawn  in  the  plane  through  the  incident  point  D 
and  the  foot  of  a perpendicular  E from  any  point  of  the 
line  upon  the  plane. 

Inclination  of  an  Incident  ray,  is  the  angle  of  incli- 
nation, or  angle  of  incidence. 

Inclination  of  the  Maznetlcal  needle*  See  Dipping 
Heedle. 

Inclination  of  Meridians,  in  Dialling,  is  the  an- 
gle that  the  hour-line  on  the  globe,  which  is  per- 
pendicular to  the  dial-plane,  makes  with  the  me- 
ridian. 

Inclination  of  the  Orhlt  of  a planet,  is  the  angle 
formed  by  the  planes  of  the  ecliptic  and  of  the  orbit  of 
the  planet.  The  quantity  of  this  Inclination  for  the 
feveral  planets,  is  as  follows,  viz. 


Mercury 
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6° 
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Venus 

wm 

3 

20 
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Moon 
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Mars 
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Jupiter 
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2 
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48 

Inclination  of  a Plane  ^ in  Dialling,  is  the  arch  of 

a vertical^ 
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a vertical  circle,  perpendicular  both  to  the  plane  and 
the  horizon,  and  intercepted  between  them. 

Inclination  of  a Planet,  is  the  arch  or  angle  com- 
prehended between  the  ecliptic  and  the  place  of  the 
planet  in  its  orbit.  The  greatefl  Inclination,  or  de- 
clination, is  the  fame  as  the  Inclination  of  the  orbit ; 
which  fee  above. 

Inclination  of  a Refeded  ray,  is  the  angle  which  a 
ray  after  refitdlion  makes  with  the  axis  of  Inclination  ; 
as  the  angle  FBD,  in  thelaft  fig.  but  one. 

Inclination  of'T<ivo  Planes,  is  the  angle  made  by 
two  lines  drawn  in  thofe  planes  perpendicular  to  their 
common  interfedfion,  and  meeting  in  any  point  of  that 
interfedfion. 

Angle  ^^’Inclination,  is  the  fame  as  what  is  other- 
wife  called  the  angle  of  incidence. 

Argument  of  See  Argument. 

Inclined  Plane,  in  Mechanics,  is  a plane  inclined  to 
the  horizon,  or  making  an  angle  with  it.  It  is  one  of 
the  fimple  mechanic  powers,  and  the  double  inclined 
plane  makes  the  wedge. 

1.  The  power  gained  by  the  Inclined  plane,  is  in 
proportion  as  the  length  of  the  plane  is  to  its  height, 
eras  radius  to  the  fine  of  its  inclination  ; that  is,  a given 
weight  hanging  freely,  will  balance  upon  the  plane  ano- 
ther weight,  that  fhall  be  greater  in  that  proportion. 
So,  when  the  greater  weight 
W on  the  plane,  is  balanced  by 
the  lefs  weight  w hanging  per- 
pendicularly, then  is  w : W ; ; 

13C  : AC  : : fin.  Z.A  : radius. 

Or,  in  other  words,  the  relative 
gravity  of  a body  upon  the  plane, 
or  its  force  in  defeending  down 
the  plane,  is  to  its  abfolute  gravity  or  weight,  in  the 
fame  proportion  of  the  height  of  the  plane  to  its  length, 
or  of  the  fine  of  inclination  to  radius. 

2.  Hence  therefore  the  relative  gravities  of  the  fame 
body  on  different  inclined  planes,  or  their  forces  to  de- 
feend  down  the  planes,  are  to  each  other,  as  the  fines  of 
the  angles  of  Inclination,  to  radius  i,  or  dlreftly  as  the 
heights  of  the  planes,  and  inverfely  as  their  lengths, 

5.  Hence,  if  the  planes  have 
the  fame  height,  and  abfolute 
weights  of  the  bodies  be  directly 
proportional  to  the  lengths  of 
the  planes,  then  the  forces  to 
defeend  will  be  equal.  Confe- 
quently,  if  the  bodies  be  then 
connefted  by  a firing  adling  parallel  to  the  planes, 
they  will  exadfly  balance  each  other;  as  in  the  an- 
nexed figure. 

4.  The  relative  force  of  gravity  upon  the  plane  being 
in  a conflant  ratio  to  the  abfolute  weight  of  the  body, 
viz,  as  line  of  inclination  to  radius  ; therefore  all  the 
laws  relating  to  the  perpendicular  free  defeents  of  bo- 
dies by  gravity,  hold  equally  true  for  the  defeents  on 
inclined  planes ; fuch  as,  that  the  motion  is  a uni- 
formly accelerated  one  ; that  the  velocities  are  direflly 
as  the  times,  and  the  fpaces  as  the  fquare  of  either  of 
them  ; ufing  only  the  relative  force  upon  the  plane  for 
the  abfolute  weight  of  the  body,  or  inltead  of  32^  feet, 
the  velocity  generated  by  gravity  in  the  firft  fecund  ot 
4 " 


time,  ufing  32 fj*,  where  s is  the  fine  of  the  inclination 
to  the  radius  i. 

5.  The  velocity  acquired  by  a body  in  defeending 
down  an  Inclined  plane  AC, 
wdien  the  body  arrives  at  A,  is 
the  lame  as  the  velocity  ac- 
quired by  defeending  freely 
down  the  perpendicular  altitude 
BC,  when  it  arrives  at  B.  But 
the  times  are  very  different ; for 
the  time  of  defeending  down  the 
Inclined  plane,  is  greater  than 
down’the  perpendicular,  in  the 
fame  proportion  as  the  length  of  the  plane  AC,  is  to 
the  height  CB  : and  fo  the  time  of  defeending  from 
any  point  C to  a horizontal  line  or  plane  ABO  See, 
down  any  oblique  line,  or  Inclined  plane,  is  direclly 
proportional  to  the  length  of  that  plane,  CA,  or  CD, 
or  CE,  or  CB,  or  CF,  8cc. 

6.  Hence,  if  there  be  drawn  AFI  perpendicular  to 
AC,  meeting  CB  produced  in  PI ; then  the  time  of 
defeending  down  any  plane  CA,  is  equal  to  the  time  of 
defeending  down  the  perpendicular  CH.  So  that,  if 
upon  CH  as  a diameter  a circle  be  defcribtd,  the  times 
of  defeent  will  be  exactly  equal,  down  every  chord  in 
the  circle,  beginning  at  C,  and  terminating  any  where 
in  the  circumference,  as  Cl,  CA,  CK,'  CH,  &c,  or  be- 
ginningany  where  in  the  circumference,  and  terminating 
at  the  lowed:  point  of  the  circle,  as  CH,  IH,  AH, 
KH,  dec. 

7.  When  bodies  afeend  up  Inclined  planes,  their  mo- 
tion is  uniformly  retarded  , and  all  the  former  laws  for 
defeents,  or  the  generation  of  motion,  hold  equally 
true  for  afeents,  or  the  deftrudfion  of  as  much  motion. 

Inclined  Ponx'ers,  are  towers  inclined,  or  leaning 
out  of  tlie  perpendicular.  See  Towers. 

INCLINERS,  in  Dialling,  are  inclined  dials.  See 
Dial. 

INCOMMENSURABI.E,  Lines,  or  Numbers,  or 
Quantities  in  general,  are  Inch  as  have  no  common  mca- 
fure,  or  no  line,  number,  or  quantity  of  the  fame  kind, 
that  will  meafure  or  divide  them  both  without  a remain- 
der. Thus,  the  numbers  15  and  16  are  Incommeii- 
furablc,  becaufe,  though  15  can  be  meafured  by  3 and 
5,  and  1 6 by  2,  4,  and  8,  there  is  yet  no  fingle  number 
that  will  divide  or  meafure  them  both. 

Euclid  demonllrates  (prop.  1 17,  lib.  10)  that  the  fide 
of  a fquare  and  its  diagonal  are  Incommenfurable  to- 
each  other.  And  Pappus,  prop.  17,  lib.  4,  fpeaks  of 
Incommenfurable  angles. 

Incommensurable  in  Power,  is  faid  of  quantities 
whofezd  powers,  or  fquares,  are  Incommenfurable.  As 
^/i  and  whofe  Iquares  are  2 and  3,  which  arc 
Incommenfurable.  It  is  commonly  fuppofed  that  the 
diameter  and  circumference  of  a circle  are  Incommen- 
furable to  each  other  ; at  lead  their  commenfurability 
has  never  been  proved.  And  Dr.  Barrow  furmifes  even 
that  they  arc  infinitely  Incommenfurable,  or  that  all 
poffible  powers  of  them  are  Incommenfurable, 

INCOMPOSITE  Numbers,  are  the  fame  with  tliofc 
called  by  Euclid  prime  numbers,  being  fuch  as  are  not 
compofed  by  the  multiplication  together  of  other  nunv 
bcr§.  As  3,5,  7,  1 1,  ^'C, 

INCREMENT, 
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INCREMENT,  is  the  fmall  increafe  of  a variable 
quantity.  Newton,  in  his  Treatife  on  Fluxions,  calls 
tliefe  by  the  name  Moments,  and  obferves  that  they  are 
proportional  to  the  velocity  or  rate  of  increafe  of  the 
fiowing-  or  vaiiable  quantities,  in  an  indehnitely  fmall 
time  ; he  denotes  them  by  fubjoining  a cipher  o,  to  the 
flowing  quantity  whofe  moment  or  Increment  it  is ; 
thus  a o the  moment  of  v.  In  the  dodtrine  of  Incre- 
ments, by  Dr,  Brooke  Taylor  and  Mr.  Emerfon,  they 
are  denoted  by  points  below  the  variable  quantities  ; 
as  X,  Some  have  alfo  denoted  them  by  accents  under- 
neath the  letter,  as  y j but  it  is  now  more  ufual  to  ex- 
prefs  them  by  accents  over  the  fame  letter  ; as  r, 

INCREMENTS,  of,  a branch  of  Analytics, 

in  which  a calculus  is  founded  on  the  properties  of  the 
fitcceffive  values  of  variable  quantities,  and  their  diffe- 
rences, or  Increm.ents. 

The  inventor  of  the  Method  of  Increments  was  the 
learned  Dr.  Taylor,  who,  in  the  year  1715,  publifhed  a 
treatife  upon  it ; and  afterwards  gave  fome  farther  ac- 
count and  explication  of  it  in  the  Philof.  Tranf.  as  ap- 
plied to  the  finding  the  fums  of  feries.  And  another 
ingenious  and  eafy  treatife  on  the  fame,  w^as  publiflied 
by  Mr.  Emerfon,  in  the  year  1763.  The  method  is 
nearly  allied  to  Newton’s  Dodtriiie  of  Fluxions,  and 
arifes  out  of  it.  Alfo  the  Differential  method  of  Mr. 
Stirling,  v/hich  he  applies  to  the  fummationand  interpo- 
lation of  feries,  is  of  the  fame  nature  as  the  Method  of 
Increments,  but  not  fo  general  and  extenfive. 

From  the  Method  of  Increments,  Mr.  Emerfon  ob- 
ferves, “ The  principal  foundation  of  the  Method  of 
Fluxions  may  be  eafily  derived.  For  as  in  the  Method 
of  Increments,  the  Increment  muiy  be  of  any  magnitude, 
fo  in  the  Method  of  Fluxions,  it  muff  be  fuppofed  iiiii- 
nitely  fmall ; whence  all  preceding  and  fucceffive  values 
of  the  variable  quantity  will  be  equal,  from  which 
equality  the  rules  for  performing  the  principal  opera- 
tions of  fluxions  are  immediately  deduced.  That  I may 
give  the  reader,  continues  he,  a more  perfect  idea  of  the 
nature  of  tliis  method  : fuppofe  the  abfeiffa  of  a curve 
be  divided  into  any  number  of  equal  parts,  each  part  of 
which  is  called  the  Increment  of  the  abfeiffa;  and 
imagine  fo  many  parallelograms  to  be  eredled  thereon  ; 
either  circumferibing  the  curvilineal  figure,  or  inferibed 
in  it ; then  the  finding  the  fum  of  all  thefe  parallelo- 
gframs  is  the  hufinefs  of  the  Method  of  Increments.  But 
if  the  parts  of  the  abfeiffa  be  taken  infinitely  fmall,  then 
thefe  parallelograms  degenerate  into  the  curve  ; and 
then  it  is  the  bufinefs  of  the  Method  of  Fluxions,  to 
find  the  fum  of  all,  or  the  area  of  the  curve.  So  that 
the  Method  of  Increments  finds  the  fum  of  any  number 
of  finite  quantities  ; and  the  Method  of  Fluxions  the 
fum  of  any  infinite  number  of  infinitely  fmall  ones  : 
and  this  is  the  effential  difference  between  thefe  two 
methods.”  Again,  “ There  is  fuch  a near  relation 
between  the  Method  of  Fluxions,  and  that  of  Incre- 
ments, that  many  of  the  rules  for  the  one,  with  little 
variation,  ferve  alfo  for  the  other.  And  here,  as  in 
the  Method  of  Fluxions,  fome  qiieftions  may  be 
folved,  and  the  integrals  found,  in  finite  terms  ; whilft 
in  others  we  are  forced  to  have  recourfe  to  infi- 
nite feries  for  a folution.  And  the  like  difficulties  will 
occur  ill  the  Method  of  Increments,  as  ufually  happen 


in  Fluxions.  For  whilft  fome  fluxionary  quantities  have 
no  fluents,  but  what  are  exprefl’ed  by  feries  ; fo  fome 
Increments  have  no  integrals,  but  what  infinite  feries 
afford ; which  will  often,  as  in  fluxions,  diverge  and 
become  ufelefs.” 

By  means  of  the  Method  ©f  Increments,  many  cu- 
rious and  ufeful  problems  are  eafily  refolved,  .which 
fcarcely  admit  of  a folution  in  any  other  way.  As,  fuppofe 
feveral  feries  of  quantities  be  given,  whofe  terms  are  all 
formed  according  to  fome  certain  law,  which  is  given ; 
the  Method  of  Increments  will  find  out  a general 
feries,  which  comprehends  all  particular  cafes,  and  from 
which  all  of  that  kind  may  be  found. 

The  Method  of  Increments  is  alfo  of  great  ufe  in 
finding  any  term  of  a feries  propofed  : for  the  law 
being  given  by  which  the  terms  are  formed ; by  means 
of  this  general  law,  the  Method  of  Increments  will 
help  us  to  this  term,  either  expreffed  in  finite  quanti- 
ties, or  by  an  infinite  feries. 

Another  ufe  of  the  Method  of  Increments,  is- to  find 
the  Turns  of  feries  ; which  it  will  often  do  in  finite 
terms.  And  when  the  fum  of  a feries  cannot  be  had 
in  finite  terms,  we  muff  have  recourfe  to  infinite  feries ; 
for  the  integral  being  expreffed  by  fuch  a feries,  the 
fum  of  a competent  number  of  its  terms  will  give  the 
fum  of  the  feries  required.  This  is  equivalent  to 
transforming  one  feries  into  another,  converging  quick- 
er : and  fometimes  a very  few  terms  of  this  feries  will 
give  the  fum  of  the  feries  fought. 

Dejinhions  in  the  Method  of  Increments, 

1.  When  a quantity  is  confidered  as  increafing,  or 
decreafmg,  by  certain  fteps  or  degrees,  it  is  called  an 
Integral. 

2.  The  increafe  of  any  quantity  from  its  prefent 
value,  to  the  next  fucceeding  value,  is  called  an  Incre- 
ment : or,  if  it  decreafes,  a Decrement. 

3.  The  increafe  of  any  Increment,  is  the  Second 
Increment  ; and  the  increafe  of  the  2d  Increment,  is 
the  3d  Increment ; and  fo  on. 

4.  Succeeding  Values,  are  the  feveral  values  of  the 
integral,  fucceeding  one  another  in  regular  order,  from 
the  prefent  value  ; and  Preceding  Values,  are  fuch  as 
arife  before  the  prefent  value.  All  thefe  are  called  by 
the  general  term  Fadlors. 

5.  A Perfedf  quantity  is  fuch  as  contains  any  num- 
ber of  fucceffive  values  without  intermiffion  ; and  a 
DefeAive  quantity,  is  that  which  wants  fome  of  the 
fucceffive  values.  Thus  x x x x is  a Perfedl  quantity ; 

13  4 5 

and  A'  X X,  an  Imperfect  or  defedfive  one. 

Notation.  This,  according  to  Mr.  Emerfon’s  method, 
is  as  follows : 

1.  Simple  Integral  quantities  are  denoted  by  any 
letters  whatever,  as  z,  y,  x,  u,  &c. 

2.  The  feveral  values  of  a fimple  integral,  are  de- 
noted by  the  fame  letter  with  fmall  figures  under  them: 
fo  if  s be  an  integral,  then  z,  z,  z,  z,  &;c  are  the  pre- 

1 'I  3 

fent  value,  and  the  iff,  2d,  3d,  &c,  fucceffive  values 
of  it  ; and  the  preceding  values  are  denoted  by  figures 

with  negative  figus,  thus  z,  z,  z,  z,  are  the  ift,  2d, 

- 1 - a _ 3 - 4 , 
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3d,  4tli  preceding  values ; and  the  figure  denoting  any 
value,  is  the  chara6leriitic. 

3.  The  Increments  are  denoted  with  the  fame  letters, 
and  points  under  them  : thus,  y is  the  Increment  of  x, 
and  2;  is  the  increment  of  z.  Alfo  x is  the  Increment 

• I* 

of  vV  ; and  .v  of  x,  See. 

1 !!►  n 

4.  The  2d,  3d,  and  other  Increments,  are  denoted 
with  two,  three,  or  more  points : fo  z is  the  2d  Incre- 
ment of  z,  and  ^ is  the  3d  Increment  of  z,  and  fo  on. 
And  thefe  are  denominated  Increments  of  fuch  an 
order,  according  to  the  number  of  points. 

5.  If  A' be  any  Increment,  then  [x]  is  the  integral  of 

it  ; alfo  denotes  the  integral  of  [ar],  or  the  2d 

integral  of  ; and  is  the  3d  integral  of  Xy  or  an 
integral  of  the  3d  -order',  &c. 

6.  Quantities  written  thus, 

X ...  X mean  the  fame  as  x x x x Xy  or  fignify  that 
* 5 ^ ^ ^ 1234-5 

the  quantities  are  continued  from  the  firll  to  the  laft, 
without  break  or  interruption. 

*To  Jind  the  Intrement  of  any  Integral y or  variable  quantity. 

Rule  I.  If  the  propofed  quantity  be  not  fraflional, 
and  be  a perfeft  integral,  confiding  of  the  fucceffive  va- 
lues of  the  variable  quantity  which  increafes  uniformly : 
Multiply  the  propofed  integral  by  the  number  of 
faftors,  and  change  the  lowed  faftor  for  an  Incre- 
ment. So  the  Increment  of  a — '^x~\-6z  is  — 3-v  -f  6a  ; 
for  the  Increment  of  the  condant  quantity  ^ is  o or 
nothing.  So  likewife. 

The  Increment  oi  c x x x x.  is  ax  x x x x. 

*23.  I 2.  3 

The  Increment  of  ax  x .v,  is  ‘^a-y  x x. 


- 3 - 2 - I 


-2-1 


The  Increment  of  ^ « • A ^ IS  tit  + « + I .XX.  . . X. 

— m n I — m-|-i  n 

Rule  2.  In  fractional  quantities,  where  the  denomi- 
nator is  perfedt,  and  the  variable  quantity  increafes 
uniformly  : Multiply  the  propofed  integral  by  the 
number  of  factors,  and  by  the  condant  Increment  with 
a negative  fign,  and  take  the  next  fucceeding  value 
into  the  denominator.  Thus, 

a . — Kay 

, is . 


The  Increment  of 


X 


X 

4 


The  Increment  of 


A’ 


IS 


. X 

s 

— qr-y 


X 

- 3 


. . X 

5 


X 

- 3 


X 
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Rule  p The  Increment  of  any  power,  as  v"  is 


4-  xl"  — ; that  is,  the  difference  between  the  pre- 

fent  value  .v”  and  the  next  fucceeding  value  x + xf". 
And  generally,  the  Increment  of  any  quantity  what- 
ever, is  found  by  fubtradting  the  prefent  value,  or 
the  given  quantity,  from  its  next  fucceeding  value. 
Alfo  by  expanding  the  compound  quantity  in  a feries, 
and'  Tub  trading  ;r"  from  it,  the  Increment  will-  be 
either 


n-i 


nx  ^ 4. 


. 4~  n.n^  l.n—Z  n-3  ■» 

‘ — x"  ^ x^SccyOr 


1 2.3 


x"  X + 

X 

1 


v.n~-\  x"^  ''  ».«  — T.«— i .v3 

♦ ^ 4 . 

i 2-3  a-3 

I I 


So  the  Increment  of  a**,  is  pc  -f  = 


The  Increment  of  — or  x 


— 3 


^3 


is 


X * 


I 

x^ 


-3-3 

A*  -f-  x\  — V 


4 ^ - S 

X 4"  ox  X 


- 6 


= — 3v  X ox  x^  — lOA-  >y\Sic 

2X  lOV^ 

= — — — -f"  — ^ — — 1—  See. 

x"*  x^  x^ 

The  Increment  of  a^y  a being  condant,  is 

x+  -V  ^ ^ / X . 

a^.  (a'  — I j. 


a 


a zz.  a 


a 


The  Increment  of  — is  ^ — 


a 


a 


a — a 


a'' 

xy-x 


X X 

a ai 


a a 


A-  4"V 


I — a 


V 


The  Increment  of  v; 


a 

id  X z — xz 

I 1 


A'  -b  y . z 4-  ? — -vz  =r  zy  + vy  -f-  -y  a . 

And  fo  on  for  any  form  of  Integral  whatever,  fub- 
tradting  the  given  quantity  from  its  next  iucceeding, 
value.  So, 

The  Increment  of  the  log.  of  v is  log.  x — log.  x 

X -{•  X ] 

— log.  V -b  y — log.  X = log,  ^ , which,  by  the 

nature  of  logarithms,  is 

X x"^  x'i  .v4' 

-: b See.- 

X 2x'^  3a2  4^* 

Schol.  From  hence  may  be  deduced  the  principles 
and  rules  of  diixions  ; for  the  method  of  duxions  is 
only  a particular  cafe  of  the  method  of  Increments, 
fluxions  being  infinitely  fmall  Increments  ; therefore  if 
in  any  form  of  Increments  the  Increment  be  taken 
infinitely  fmall,  the  form  or  expreflion  will  be  changed 
into  a duxional  one.  • 

Thus,  in  z-y  4-  xz  4-  ya,  which  is  the  Increment  of 
the  redfangle  xz,  if  x and  z be  changed  for  x and  z, 
the  exprefSon  will  become  zx  -b  a'i;  -b  az  for  the 
fluxion  of  xzy  or  only  Z-v  -f  xxy  becaufe  az  is  infi- 
nitely lefs  than  tlie  red. 

So  likewife,  if  x be  changed  for  .v  in  this 


1 n.n  — I n — 2 u.n  — i.n. — z r — 2 

nx  X 4-  .V  + A ^y3- 

2 2 . 3- 

&c,  which  is  the  Increment  of  x^y  it  becomes 


n.n 


l.n.—  2 


n — I , 

nx  X 


n,n  — \ n 


•X 


2 

1 


> + 


n.n  — l.n  — 2 « — 3 


3 


A' 


Seey  or  only  wv  x,  for  the  fluxion  of  the  power 
as  all  the  terms  after  the  fird  will  be  nothing,  becaufc 
x^  and  x^  See  are  infinitely  lefs  than  y. 

And  thus  may  all  the  other  forms  of  duxions  be  de- 
rived from  the  correfponding  Increments.  And  in  like 
manner,  the  finding  of  the  integrals,  is  only  a more 
general  way  of  finding  duents,  as  appears  in  what 
follows. 

To  find  out  the  Integral  of  any  given  Increment. 

Rule  I.  When  the  variable  quantity  increafes  uni- 
formly, and  the  propofed  integral  confids  of  the  me- 
ceflive  values  of  it  multiplied  together,  or  is  a perfecf 
Increment  not  fractional ; Multiply  the  given  Incrc.- 

jueut 
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mcnt  by  tlie  next  preceding  value  of  the  variable  qiian- 
t tity,  then  divide  by  the  new  number  of  fadtors,  and  by 
the  coni  taut  Increment. 

Ex.  Thus,  the  integral  of  ^c-vxxx  is  cxxxx, 

I z 3 123 

The  integral  of  '^ax  x x is  ax  x x. 

•-2,1  -3-2,1 

Rule  2.  In  a fradtional  expreffion,  where  the  va- 
riable quantity  increafes  uniformly,  and  the  denomi- 
nator is  perfedt,  containing  the  fucceflive  values  of  the 
variable  quantity  : Throw  out  the  greatefl  value  of 
the  variable  letter,  then  divide  by  the  new  number  of 
factors,  and  by  the  conilant  Increment  with  a negative 
fign.  So, 

El  ***' *  * *'  d? 

V 4 The  integral  of  ^ — is  — — — . 

X ...  X y.v  . . V 
5 4 

^ c 

The  integral  of  ^ — is . 

• • * • iV  • • • • A- 

- 3 6^3  5 

Rule  3.  Various  other  particular  rules  are  given,  but 
thefe  and  the  two  foregoing  are  all  beft  included  in 
the  following  general  table  of  the  moil  ufeful  forms  of 
Increments  and  integrals,  to  be  ufed  in  the  fame  way 
as  the  fmiilar  table  of  fluxions  and  fluents,  to  which 
thefe  correfpond. 


A Lahle  bf  Increments  and  their  Integrals. 

Forms 

Increments 

Integrals 

1 

X when  conflant 

not  conflant 

X,  or  X,  or  x,  or  x &c. 

12  3 

X only. 

2 

X X 

^ rn  n 

conflant 

\ 

- IT.  - 1 n 

m 4"  t7 

3 

ax 

— a 

^ m i\ 

X conflant 

212  TL  ^ • • • • iV 

« m 13  , I 

4 

ZX  X z 

I 

xz 

5 , 

i 

zx  — X'X 

X 

X 

z 

6 

I 

X given 

i 

X 

a-  — I 

Integrals,  when  found  from  given  Increments,  are 
corredted  in  the  very  fame  way  as  fluents  when  found 
from  given  fluxions,  viz,  inffead  of  every  feveral  variable 
quantity  in  the  integral,  fubftituting  fuch  a determinate 
value  of  them  as  they  are  known  to  have  in  fome  particu- 
lar cafe  ; and  then  fubtradfing  each  fide  of  the  refulting 
equation  from  the  correfponding  fide  of  the  integral, 
the  remaining  equation  will  be  the  corredt  form  of  the 
integrals. 

For  an  example  of  the  life  of  the  Method  of  In- 
crements, fuppofe  it  were  required  to  find  the  fum  of 


any  number  of  terms  of  the  feries  1.2  -f  2.3  -f  3.4 
T 4*5  &c. 

Let  X be  the  number  of  the  terms, 
and  % the  fum  of  them. 

Then,  by  the  progrefiion  of  the  feries,  the  lafl;  or  the  x 
term  is  .rw,  and  the  next  term  after  that  will  be  x x^ 

. ^ ^ 

that  is  ^ :zz  X X,  where  x =.  1.  Hence  the  integral  is 

12 

z -nz  I X XX  =.  jx  . X I ..v  -f  2,  which  is  the  fum  of 
12^ 

w terms  of  the  given  feries.  So  if  the  number  of  terms 
be  10,  this  becomes  I* 10. 11.12  = 440,  which  is 
the  fum  of  10  terms  of  the  given  feries  1.2  2.34-3.4 

See.  Or,  when  x = 100,  the  fum  of  100  terms  of  the 
fame  feries  is  4 . 100  . lOi . 102  x::  100 .101  . =2 

343400. 

Again,  to  find  the  fum  a of  n terms  of  the  feries 

I I I „ 

"4“  — — *4^  &c* 

I-3-5  3-5-7  5-7-9 

Here  the  «th  term  is  — — — — . 

2n—  i.zn  4-  1.27^4-  3 

Put  X ~ 2n  — i ; then  is  x = zn  z=  2,  and 

• • 

the  «th  term  is  ^ — . 

OC  • t/C  4-  2’  • 4-  4 XXX 

I 2 

and  the  n 4-  ith  term  or  s is  ; the  general 

X XX 

I 2 

integral  of  which  is  2;  = = — — ^ , 

2XXX  4 XWT 

12  12 

But  this  wants  a corredlion  ; for  when  n ~ o or  no 
terms,  then  x ~ — i,  and  the  fum  2,  = o,  and  the  in- 
tegral becomes  2:  or  o = — — — - : that  is 

4.1.3  12  12 

is  the  corredlion,  and  being  fubtradled,  the  correct 
Hate  of  the  integrals  becomes 

_ __  I I vhich 

12  ^X  X 12  4.277  4"  ^.277  4-  3 * 

1 2 

is  the  fum  of  n terms  of  the  propofed  feries.  And 
when  72  is  infinite,  the  latter  fradtion  is  nothing,  and  the 
fum  of  the  infinite  feries,  or  the  infinite  number  of  the 

1 I 

terms,  is  accurately  — • 

12 

When  n =2  too,  -the  fum  of  100  terms  of  the  feries 

, I I I I 

becomes  z ~ — = — . 

12  4.201.203  12  163212 

For  more  ample  information  and  application  on 
this  fcience,  fee  Emerfon’s  Increments,  Taylor^s  Me- 
thodus  Incrementorum,  and  Stirling’s  Summatio  & 
Iiitei'polatio  Serienim. 

INCURVATION  ef  the  rays  of  Light.  See  Light, 
and  Refraction. 

INDEFINITE,  Indeterminate,  that  which  has  no 
certain  bounds,  or  to  wdiich  the  human  mind  cannot 
affix  any.  De^  Cartes  ufes  the  word,  in  his  Philofophy, 
inftead  of  infinite,  both  in  numbers  and  quantities,  to 
fignify  an  inconceivable  number,  or  number  fo  great, 
that  an  unit  cannot  be  added  40  it ; and  a quantity 
fo  great,  as  not  to  be  capable  of  any  addition,  l/hus, 
he  fays,  the  liars,  vifible  and  invifible,  are  in  number 
Indefinite,  and  not,  as  the  Ancients  held,  infinite ; and 
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tliat  Quantity  may  be  divided  into  an  Indefinite  number 
of  parts,  not  an  infinite  number. 

Indefinite  is  now  commonly  iifed  for  indeterminate, 
number  or  quantity,  that  is,  a number  or  quantity  in 
.general,  in  contradiitindlion  from  fome  particular  known 
and  given  one. 

INDETERMINED,  or  Indeterminate,  in  Geo- 
metry, is  undcrftocd  of  a quantity,  which  has  no  cer- 
tain or  definite  bounds. 

Indeterminate  Problem.,  is  that  which  admits  of 
innumerable  diifereiu:  folutions,  and  fometimes  perhaps 
only  of  a great  many  different  aniwers ; otherwife 
called  an  unlimited  problem. 

In  problems  of  this  kind  the  number  of  unknown 
quantities  concerned,  is  greater  than  the  number  of 
the  conditions  or  equations  by  which  they  are  to  be 
found ; from  which  it  happens  that  generally  fome 
other  conditions  or  quantities  are  afl'uined,  to  fupply 
the  defecf,  which  being  taken  at  pleafure,  give  the 
fame  number  of  anfvvers  as  varieties  in  thofealTumptions. 

As,  if  it  were  required  to  find  two  fquare  numbers 

whofe  difference  ihall  be  a given  quantity  d.  Here,  if 

x“  and  denote  the  two  fquares,  then  will  x-  —y"=^dy 

by  the  queftion,  which  is  only  one  equation,  for  finding 

two  quantities.  Now  by  affuming  a third  quantity 

s;  lo  that  z rz  .V  of  the  two  roots  ; then 

. “b  d z 1 d . , . , 

IS  X = and  y = , which  are  the  two 

2Z  2z 

roots  having  the  difference  of  their  fquares  equal  to 
the  given  quantity  d,  and  are  expreffed  by  means  of 
an  affumed  quantity  z;  fo  that  there  will  be  as  many 
anfwers  to  the  queffion,  as  there  can  be  taken  values 
of  the  Indeterminate  quantity  z,  that  is,  innumerable. 

Diophantus  \vas  the  firft  writer  on  Indeterminate 
problems,  viz,  in  his  Arithmetic  or  Algebra,  which 
was  firft  publifhed  in  1575  by  Xilander,  and  afterwards 
in  1621  by  Bachet,  with  a large  commentary,  and  many 
additions  to  it.  His  book  is  wholly  upon  this  fubjedt; 
whence  it  has  happened,  that  Inch  kind  of  queftions 
have  been  called  by  the  name  of  Diophantine  problems. 
Fermat,  Des  Cartes,  Frenicle,  in  France,  and  Wallis 
and  others  in  England,  particularly  cultivated  this 
branch  of  Algebra,  on  which  they  held  a correfpond- 
ence,  propofing  difficult  queftions  to  each  other  ; an 
inftance  of  which  are  thofe  two  curious  ones,  propofed 
by  M.  Fermat,  as  a challenge  to  all  the  mathemati- 
cians of  Europe,  viz  ift.  To  find  a cube  number  which 
added  to  all  its  aliquot  parts  fhall  make  a fquare  num- 
ber ; and  2d,  To  find  a fquare  number  which  added  to 
all  its  aliquot  parts  fhall  make  a cubic  number ; 
which  problems  were  anfwered  after  feveral  ways  by 
Hr.  Wallis,  as  well  as  fome  others  of  a different  na- 
ture. See  the  Letters  that  paffed  between  Hr. 
Wallis,  the  lord  Brounker,  Sir  Kenelm  Higby,  &c, 
in  the  Hodtor’s  Works  ; and  the  Works  of  Fermat, 
which  were  colledted  and  publifhed  by  his  fon.  Moft 
authors  on  Algebra  have  alfo  treated  more  or  lefs  on 
this  part  of  it,  but  more  efpecially  Kerfey,  Preftet, 
Ozanam,  Kirkby,  &c.  But  afterwards,  mathemati- 
cians feemed  to  have  forgot  fuch  queftions,  if  they  did 
not  even  defpife  them  as  iifelefs,  when  Euler  drew 
their  attention  by  fome  excellent  corapofitions,  demon- 
ilrating  fome  general  theorems,  which  had  onlv  been 
VOL.  I. 


known  by  induAion.  hi.  la  Grange  ba^  alfo  taken 
up  the  fubjedt,  having  refolved  very  difficult  problems 
in  a general  way,  and  difeovered  more  diredt  methods 
than  heretofore.  The  2d  volume  of  the  ITench  tranf- 
lation  of  Euler’s  Algebra  contains  an  eiementaiy 
treatife  on  tliis  branch,  and,  with  la  Grange’s  addi- 
tions, an  excellent  theory  of  it ; treating  very  gene- 
rally of  Indeterminate  problems,  of  tlie  firft  and  fe- 
cond  degree,  of  folutions  in  whole  numbers,  of  the  me- 
thod of  Indeterminate  coefficients,  See. 

Finally,  .Mr.  John  Leflie  has  given,  in  the  2d  volume 
of  the  Edinburgh  Philo-f.  Tianfadlions,  an  ingenious 
paper  on  the  refolution  of  Indeterminate  problenej, 
refolving  them  by  a new  and  genend  principle.  Tiie 
dodtrine  of  Indeterminate  equations,”  fays  Mr.  Lcllie, 

has  been  ieldom  treated  in  a form  equally'  lyftematic 
with  the  other  parts  of  Algebra.  The  folutions  com- 
monly given  are  devoid  of  imiiormity,  and  often 
rcfjuire  a variety  of  affumptions.  'Phe  objecl  of  this 
paper  is  to  refolve  the  complicated  expreffions  which 
we  obtain  in  the  folution  of  Indeterminate  problems, 
into  fimple  equations,  and  to  do  fo,  without  framing  g 
number  of  affumptions,  by  help  of  a fingle  principle, 
which  though  extremely  fimple,  admits  of  a very  ex- 
tenfive  application.” 

“ Let  Ax  B be  any  compound  quantity  equal  to 
anothej-,  C X H,  and  let  m be  any  rational  number 
affiimed  at  pleafure  ; it  is  manifeft  that,  taking  equi- 
multiples, A X w B = C X OT  H.  If,  therefore,  wc 
fuppofe  that  A = wH,  it  muft  follow  that  ;«B  — C, 
C 

or  B = — . Thus  two  equations  of  a lower  dimen- 
m 

fion  are  obtained.  If  thefe  be  capable  of  farther  de* 
compofition,  we  may  affume  the  multiples  n and  p, 
and  form  four  equations  flill  more  fimple.  By  the 
repeated  application  of  this  principle,  an  higher  equa- 
tion admitting  of  divifors,  will  be  refolved  into  thofe 
of  the  firft  order,  the  number  of  which  will  be  one 
greater  than  that  of  tlie  multiples  aflumed.” 

For  example,  refuming  the  problem  at  firft  given, 
viz,  to  find  two  rational  numbers,  tlie  difference  of  the 
fquares  of  which  fliall  be  a given  number.  Let  the 
given  number  be  the  produdl  of  a and  b ; then  by  h)”- 
pothefis,  = ah  ; but  thefe  compound  quantities 

admit  of  an  eafy  refolution,  for  a + y x a — y = 
a X b.  If  therefore  we  fuppofe  a ft-  y = may  we 

fhall  obtain  a — y = — ; where  m is  arbitrary, 

and  if  rational,  rand  y muft  alfo  be  rational.  Hence 
the  refolution  of  thefe  two  equations  gives  the  value* 
of  A and  y,  the  numbers  fought,  in  terms  of  7n  j viz, 

?7da  “I-  b 7n''-a'-^h 

A — , and  y = •. 

2 m 2 m 

INHEX,  in  Arithmetic,  is  the  fame  with  what  it 
otherwife  called  the  .charadteriftic  or  the  exponent 
of  a logarithm  ; being  that  which  fliews  of  how  many 
places  the  abfolute  or  natural  number  belonging  to 
the' logarithm  confifts,  and  of  what  nature  it  is,  whether 
an  integer  or  a fraction  ; the  Index  being  lefs  by  i 
than  the  number  of  integer  figures  in  the  natural  num- 
ber, and  is  pofitive  for  integer  or  whole  numbers,  but 
negative  in  fradtions,  or  in  the  denominator  of  a frac- 
4 M tion  j 
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fmn ; and  In  decimals,  the  negative  index  is  i more 
than  the  number  of  ciphers  in  the  decimal,  after  the 
point,  and  before  the  firft  fignihcant  figure ; or,  ftill 
more  generally,  the  Index  Ihews  how  far  the  firll 
figure  of  the  natural  number  is  diftant  from  the  place 
of  units,  either  towards  the  left  hand,  as  in  whole  num- 
bers, or  towards  the  right,  as  in  decinials  ; thefe  oppo- 
fite  cafes  being  marked  by  the  correfpondent  figns  -b 
and  — , of  oppofite  affections,  the  fign  --  being  fet 
over  the  Index,  and  not  before  it,  becaufe  it  is  this 
Index  only  which  is  underftood  as  negative,  and  not 
the  decimal  part  of  the  logarithm.  Thus,  in  this  lo- 
garithm 2*4234097,  the  figures  of  whofe  natural  num- 
ber are  2651,  the  2 is  the  Index,  and  being  pofitive, 
it  ihews  that  the  firfb  figure  of  the  number  miift  be 
two  places  removed  from  the  units  place,  or  that  there 
will  be  three  places  of  integers,  the  number  of  thefe 
places  being  always  i more  than  the  Index  ; fo  that 
the  natural  number  will  be  265*1.  But  if  the  fame 

Index  be  negative,  thus  2*4234097,  it  ihews  that  the 
natural  number  is  a decimal,  and  that  the  firit  iigni- 
ficant  figure  of  it  is  in  the  2d  place  from  units,  or  that 
there  is  one  cipher  at  the 
heof-inninof  of  the  decimal, 
being  i lefs  than  the  iie- 
jTfative  Index  ; and  confe- 

<0  ^ 

quently  that  the  natural 
number  of  the  logarithm 
in  this  cafe  is  *02651. 

Hence,  by  varying  the 
natural  number,  with  re- 
ipe£l  to  the  decimal  places 
in  it  as  in  the  former  of 
the  two  columns  here  an- 
nexed, the  Index  of  their 
logarithm  will  vary  as  in  the  2d  column. 

Mr.  Towiily  introduced'  a peculiar  way  of  noting 
thefe  Indices,  when  they  become  negative,  or  e'xprefs 
decimal  figures,  which  is  now  much  in  ufe,  efpecially 
in  the  log.  ./mes  and  tangents,  &c,  viz,  by  taking, 
inftead  of  the  true  Index,  its  arithmetical  comple- 
ment to  10  ; fo  that,  in  this  way,  the  logarithm 

2*4234097  is  written  8*4234097. 

For  the  addition  and  fubtraflion  of  Indices,  fee 
Logarithm. 

Index  of  a Globe,  is  a little  flyle  fitted  on  to 
the  north-pole,  and  turning  round  with  it,  pointing 
out  the  divifions  of  the  hour-circle. 

Index  of  a Quantity,  in  Arithmetic  and  Algebra, 
otberwife  called  the  exponent,  is  the  number  that 
fhews  to  what  power  it  is  underftood  to  be  raifed  : as 
in  iO“b  or  the  figure  3 is  the  Index  or  exponent  of 
the  power,  fignifyiiig  that  the  root  or  quantity,  10  or 

is  raifed  to  the  3d  power.  See  this  fully  treated 
un  der  Expo  n e n t . 

INDICTION,  or  Roman  In  diction,  a kind  of 
epoch,  or  manner  of  counting  time,  among  the  PwO- 
mans  : containing  a cycle  or  revolution  of  15  years. 

The  popes  have  dated  their  adts  by  the  year  of  the 
fndidlioii,  which  was  fixed  to  the  ill  of  January  anno 
Domini  313,  ever  fince  Charlemagne  made  them  fove- 
xeign  ; before  that  time,  they  dated  them  by  the  years 
the  Emperors,- 


At  the  time  of  reforming  the  calendar,  the  year 
1582  was  reckoned  the  loth  year  of  the  Indidlion; 
fo  that  beginning  to  reckon  from  hence,  and  dividing 
the  number  of  years  elapfed  between  that  time  and 
this,  by  15,  the  remainder,  with  the  addition  of  io» 
rejecting  15  if  the  fum  be  more,  will  be  the  year  of 
^tlie  Indidlion. 

But  the  Indidfion  will  be  eafier  found  thus  : Add  3 
to  the  given  year  of  Chrift  ; divide  the  mm  by  15, 
and  the  remainder  after  the  divifion,  will  be  the  year 
of  the  Indidlion  ; if  there  be  no  remainder,  the  In- 
didlion  is  15.  In  either  of  thefe  ways,  the  Indiclion 
for  the  year  1795  is  13. 

INDIVISIBLES,  are  thofe  indefinitely  fmall  ele- 
ments, or  principles,  into  which  any  body  or  figure 
may  ultimately  be  divided. 

A line  is  faid  to  confift  of  points,  a furface  of  paral- 
lel lines,  and  a folid  of  parallel  fiirfaces  : and  becaufc 
each  of  thefe  elements  is  fuppofed  Indivifible,  if  in  any 
figure  a line  be  drawn  perpendicularly  through  all  the 
elements,  the  number  of  points  in  that  line,  will  be 
the  fame  as  the  number  of  the  elements. 

Whence  it  appears,  that  a parallelogram,  or  a prifm, 
or  a cylinder,  is  refolvahle  into  elements,  as  Indivifi- 
bles,  all  equal  to  each  other,  parallel,  and  like  or 
fimJlar  to  the  bafe  ; for  which  reafon,  one  of  thefe  ele- 
ments multiplied  by  the  number  of  them,  that  is  the 
bafe  of  the  figure  multiplied  by  its  height,  gives  the 
area  or  content.  And  a triangle  is  refolvable  into 
lines  parallel  to  the  bafe,  but  decreafmg  in  arithmetical 
progreffion  ; fo  alfo  do  the  circles,  which  conftitute 
the  parabolic  conoid,  as  well  as  thofe  which  conftitute 
the  plane  of  a circle,  or  the  furface  of  a cone.  In  all 
which  cafes,  as  the  laft  or  leaft  term  of  the  arithmetic 
progreffion  is  o,  and  the  length  of  the  figure  the  fame 
thing  as  the  number  of  the  terms,  therefore  the  greateft 
term,  or  bafe,  being  multiplied  by  the  length  of  the 
figure,  half  the  product  is  the  fum  of  the  whole,  or 
the  content  of  the  ficrure. 

O ^ ^ 

And  in  any  other  figure  or  folid,  if  the  law  of  the 
decreafe  of  the  elements  be  known,  and  thence  the  re- 
lation of  the  fum  to  the  greateft  term.,  which  is  the 
bafe,  the  whole  number  of  them  being  the  altitude  of 
the  figure,  then  the  faid  fum  of  the  elements  is  always 
the  content  of  the  fii^ure. 

o ... 

A cylinder  may  alfo  be  refolved  into  cylindrical 
curve  furfaces,  having  all  the  fame  height,  and  conti- 
nually decreafing  inwards,  as  the  circles  of  the  bafe  do, 
on  which  they  infift. 

This  way  of  confidering  magnitudes,  is  called  the 
Method  of  Indivifibles,  which  is  only  the  ancient  method 
of  exhauftions,  a little  difguifed  and  contradled.  And, 
it  is  found  of  good  ufe,  both  in  computing  the  con- 
tents of  figures  in  a very  ftiort  and  eafy  way,  as  above 
inftanced,  and  in  ffiortening  other  demonftrations  in 
mathematics  j an  inftance  of  which  may  here  be  given 
in  that  celebrated  propofition  of  Archimedes,  that  a. 
fphere  is  two-thirds  of  its  cheumferibed  cylinder. 

1 nusj 

Suppofe  a cylinder,  a hemifphere,  and  an  inverted 
cone,  having-  all  the  fame  bafe  and  altitude,  and  cut 
by  an  infinite  number  of  planes  all  parallel  to  the  bafe>, 
of  which  EFGH  is  one  ; it  is  evident  that  the  fqnare 
of.  El,  the  radius  of  the  cylinder,  is  every  where  equal  ; 

to 
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to  tlie  fqiiare  of  SF,  tlie  radius 
of  the  fphere  ; and  alfo  that 
the  fquare  of  El,  or  of  SF,  is 
equal  to  the  fum  of  the  fquares 
of  IF  and  IS,  or  of  IF  and 
IK,  becaufe  IK  = IS  ; that 
is,  lE^  = IF^  + IK^,  in  every 
pohtion  ; but  IE  is  the  radius 
of  the  cylinder,  IF  the  corre- 
fponding  radius  of  the  fphere, 
and  IK  that  of  the  cone  ; and  the  circular  fedlions  of 
thefe  bodies,  are  as  the  fquares  of  their  radii ; there- 
fore the  feclion  of  the  cylinder  is  every  v/here  equal  to 
the  fum  of  the  fetlions  of  the  hemifphere  and  cone  ; 
and,  as  the  number  of  all  thofe  fedions,  which  is  the 
common  height  of  the  figures,  is  the  fame,  therefore 
all  the  feclions,  or  elements,  of  the  cylinder,  will  be  equal 
to  the  fum  of  all  thofe  of  the  hemifphere  and  cone  taken 
together  ; that  is,  the  cylinder  is  equal  to  both  the  he- 
mifphere and  cone  : but  as  the  cone  itfelf  is  equal  to 
one-third  part  of  the  cylinder  ; therefore  the  hemi- 
fphere is  equal  to  the  other  two-thirds  of  it. 

The  Method  of  Indivifibles  was  introduced  by  Ca- 
valeriiis,  in  1635,  in  his  Geometria  Indivifibiliiim. 
The  fame  was  alfo  purfued  by  Torricelli  in  his  works, 
printed  1644:  and  again  by  Cavalerius  himfelf  in  an- 
other treatife,  publilhed  in  1647. 

INERTIiE  T/V.  Sec  Vis 

INFINITE,  is  applied  to  quantities  which  are  either 
greater  or  lefs  than  any  aflignable  ones.  In  which 
fenfe  it  differs  but  little  from  the  terms  Indefinite  and 
Indeterminate.  Thus,  an 

Infinite,  or  h^Jimtely  great  line,  denotes  only  an 
indefinite  or  indeterminate  line  ; or  a line  to  which  no 
certain  bounds  or  limits  are  preferibed. 

Infinite  Quantifies,  Though  the  idea  of  magni- 
tude infinitely  great,  or  fuch  as  exceeds  any  afiignable 
quantity,  does  include  a negation  of  limits,  yet  all 
fuch  magnitudes  are  not  equal  among  themfelves  ; but 
befides  Infinite  length,  and  Infinite  area,  there  are  no 
lefs  than  three  feveral  forts  of  Infinite  folidity  ; all  of 
which  are  quantities  fui  generis  ; and  thofe  of  each 
fpecies  are  in  given  proportions. 

Infinite  length,  or  a line  infinitely  long,  may  be 
confidered,  either  as  beginning  at  a point,  and  fo  in- 
finitely extended  one  way  ; or  elfe  both  ways  from  the 
fame  point. 

As  to  Infinite  furface  or  area,  any  r'ght  line  infi- 
nitely extended  both  ways  on  a plane  infinitely  extend- 
ed evei*y  way,  divides  that  plane  into  two  equal  parts, 
one  on  each  fide  of  the  line.  But  if  from  any  point  in 
fuch  a plane,  two  right  lines  be  infinitely  extended, 
making  an  angle  between  them  ; the  Infinite  area,  in- 
tercepted between  thefe  Infinite  right  lines,  is  to  the 
whole  Infinite  plane,  as  that  angle  is  to  4 right  angles. 
And  if  two  Infinite  and  parallel  lines  be  drawn  at  a 
given  diftance  on  fuch  an  Infinite  plane,  the  area  in- 
tercepted between  them  will  be  likew'ife  Infinite  ; but 
yet  it  will  be  infinitely  lefs  than  the  whole  plane ; and 
even  infinitely  lefs  than  the  angular  or  feftoral  fpace, 
intercepted  between  two  Infinite  lines,  that  are  inclined, 
though  at  never  fo  fmall  an  angle  ; becaufe  in  the  one 
cafe,  the  given  finite  diftance  of  the  parallel  lines  di- 
jcdniihes  the  Infinity  in  one  of  the  dimenlions  5 wdiereas 


in  a fe<ftor,  there  is  Infinity  in  both  din^enfions.  And 
thus  there  are  two  fpecies  of  Infinity  in  furfaces,  the 
one  infinitely  greater  than  the  other. 

In  like  manner  there  are  fpecies  of  Infinites  in  folids, 
according  as  only  one,  or  tv/o,  or  as  all  their  three  dl- 
menfions,  are  Infinite  ; which,  though  they  be  all  in- 
finitely greater  than  a finite  folid,  yet  are  they  in  fuc- 
cefTion  infinitely  greater  than  each  other. 

Some  farther  properties  of  Infinite  quantities ‘are  as 
follow  : 

' The  ratio  between  a finite  and  an  Infinite  quantity, 
is  an  Infinite  ratio. 

If  a finite  quantity  be  multiplied  by  an  infinitely 
fmall  one,  the  produdf  will  be  an  infinitely  fmall  one  ; 
but  if  the  former  be  divided  by  the  latter,  the  quotient 
will  be  infinitely  great. 

On  the  contrary,  a finite  quantity  being  multiplied 
by  an  ^infinitely  great  one,  the  product  is  infinitely 
great  ; but  the  former  divided  by  the  latter,  the 
quotient  will  be  infinitely  little. 

The  produ6f  or  quotient  of  an  infinitely  great  or  an 
infinitely  little  quantity,  by  a finite  one,  is  reipe(ftively 
infinitely  great,  or  infinitely  little. 

An  infinitely  great  multiplied  by  an  infinitely  little, 
is  a finite  quantity;  but  the  former  divided  by  the 
latter,  the  quotient  is  infinitely  Infinite. 

The  mean  proportional  between  infinitely  great,  and 
infinitely  little,  is  finite. 

Infinites.  Sec  Arithmetic.  Alf» 
Wallis’s  treatife  of  this  fubjedi;  and  another  by  Emer- 
fon,  at  the  beginning  of  his  Conic  Sedlions  ; alfo  Bui. 
bald’s  treatife  Arithrnetica  Inf.nitorum, 

Infinite  Decimals^  fuch  ns  do  not  terminate,  but 


go  on  without  end;  as  *333  c<c  = j,  or  *142857  ^cc 
= y.  See  Repetend. 

Infinitely  Infinite  FraBionsj  or  all  the  powers  of 
the  fradlions  wEofe  numerator  is  i ; which  are  all  to- 
gether equal  to  unity,  as  is  demonftrated  by  Dr.  Wood, 
in  Hook’s  Philo f.  Coll.  N*  3,  p.  45  ; where  fomc 
curious  properties  are  deduced  from  the  fame. 

Infinite  Series^  a feries  confidered  as  infinitely  cos- 
tinued  as  to  the  number  of  its  terms.  See  Series. 

INFINITESIMALS,  are  certain  infinitely  or  in- 
definitely fmall  parts  ; as  alfo  the  method  of  comput- 
ing by  them. 

In  the  method  of  Infinitefimals,  the  element  by 
which  any  quantity  increafes  or  decreafes,  is  fuppofed 
to  be  infinitely  fmall,  and  is  generally  exprelfed  by  two 
or  more  terms,  fome  of  wdiich  are  infinitely  lefs  than 
the  reft,  which  being  neglefled  as  of  no  importance, 
the  remaining  terms  form  what  is  called  the  cU/ference 
of  the  propofed  quantity.  The  terms  that  are  ne- 
glected in  this  maimer,  as  infinitely  lefs  than  the  other 
terms  of  the  element,  arc  the  very  fame  which  arife  in 
confequence  of  the  acceleration,  or  retardation,  of  the 
generating  motion,  during  the  infinitely  fmall  time  in 
which  the  element  is  generated  ; fo  that  the  remaining 
terms  exprefs  the  element  that  would  have  been  pro- 
duced in  that  time,  if  the  generating  motion  had  con- 
tinued uniform.  Therefore,  thofe  differences  are  ac- 
curately in  the  fame  ratio  to  each  other,  as  the  generat- 
ing motions  or  fluxions.  And  hence,  though  in  this 
method,  Infinitefimal  parts  of  the  elements  are  ne- 
glecfted,  the  conclufions  are  accurately  true,  withoi^t 
4 M 2 f-veii 
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even  an  infinitely  fmall  error,  and  agree  preclfely  with 
thofe  that  are  deduced  by  the  method  of  fluxions. 

But  however  iafe  and  convenient  this  method  may 
be,  fome  will  always  ferupfle  to  admit  infinitely  little 
quantities,  and  infinite  orders  of  Infinitefimals,  into  a 
icience  that  boafls  of  the  moll  evident  and  accurate 
principles,  as  well  as  of  the  moil  rigid  demonllrations. 
in  order  to  avoid  fucii  fuppofitions,  Newton  confiders 
the  iimullaiieous  increments  of  the  flowing  quantities 
as  finite,  and  then  inveitig;ates  the  ratio  which  is  the 
limit  of  the  various  proportions  tvhich  thofe  increments 
bear  to  each  other,  while  he  iuppoies  them  to  decreafe 
together  till  they  vanifli ; which  ratio  is  the  lame  with 
the  ratio  of  the  fluxions.  See  Maciaurirfls  Treatife  of 
Fluxions,  in  the  Introduc.  p.  39  &c,  aifo  art.  495  to 
502. 

INFLAMMABILITY,  that  property  of  bodies 
by  which  they  kindle,  or  catch  fire. 

INFLECTION,  in  Optics,  called  alfo  DifFraflion, 
and  Defledlion  of  the  rays  of  light,  is  a property  of 
them,  by  realon  ef  which,  when  they  come  within  a 
certain  diftance  of  any  body,  they  will  either  be  bent 
from  it,  or  to'wards  it ; being  a kind  of  imperfedl  re- 
ficdlion  or  refraOion. 

Some  writers  aferibe  the  firfl:  difeovery  of  this  pro- 
perty to  Grimaldi,  wdio  firfl  publifhed  an  account  of 
ity  in  his  Treatife  Le  Lumine,  Coloribus,  & Iride, 
printed  in  1666.  But  Dr.  Hook  alio  claims  the 
difeovery  of  it,  and  communicated  his  obfervations  on 
this  fubjedl  to  the  Loyal  Society,  in  1672.  Fie  fhews 
that  this  property  differs  both  from  refleflion  and  re- 
fradlion  ; and  that  ft  feems  to  depend  on  the  unequal 
denfity  of  the  conflituent  parts  of  the  ray,  by  which 
the  light  is  difperfed  from  the  place  of  condenfation, 
and  rarefied  or  gradually  diverged  into  a quadrant ; 
and  this  defledtion,  he  fays,  is  made  towards  the  fuper- 
ficies  of  the  opaque  body  perpendicularly. 

Newton  difeovered,  by  experiments,  this  Inflec- 
tion of  the  rays  of  light ; which  may  be  feen  in  his 
Optics. 

M.  De  la  Hire  obferved,  that  when  we  look  at  a 
candle,  or  any  luminous  body,  with  our  eyes  nearly 
fhiit,  rays  of  light  are  extended  from  it,  in  feveral  direc- 
tions, to  a coiifiderable  diflance,  like  the  tails  of  co- 
mets. The  true  caufe  of  this  phenomenon,  which  has 
cxercifed  the  fagacity  of  Des  Cartes,  Rohault,  and 
others,  feems  to  be,  that  the  light  paffing  among  the 
cyelafhes,  in  this  fituation  of  the  eye,  is  infledted  by 
its  near  approach  to  them,  and  therefore  enters  the  eye 
in  a great  variety  of  diredlions.  He  alfo  obferves,  that 
he  found  that  the  beams  of  the  ftars  being  obferved, 
in  a deep  valley,  to  pafs  near  the  brow  of  a hill,  are 
aHays  more  refradled  than  if  there  were  no  fuch  hill, 
or  the  obfervation  was  made  on  the  top  of  ft  ; as  if 
the  rays  of  light  were  bent  down  into  a curve,  by 
paffing  near  the  furface  of  the  mountain. 

Inflection,  or  of  contrary  fiexiire^  in  a 
curve,  is  the  point  or  place  in  the  curve  wheFe  it  be-, 
gins  to  bend  or  turn  a contrary  way ; or  which  fepa- 
tates  the  concave  part  from  the  convex  part,  and  lying 
between  the  two  ; or  where  the  curve  changes  from 
concave  to  convex,  or  from  convex  to  concave,  on  the' 
fame  fide  of  the  curve  ; fuch  as  the  point  E in  the 
anicxcd  figures  5 where  the  former  of  the.  two  is  con- 


cave towards  the  axis  AD  from  A to  E,  and  convex 
from  E to  F ; but,  on  the  contrary,  the  Jatter  figure 
is  convex  from  A to  E,  and  concave  from  E to.  F. 


There  are  various  w^ays  of  finding  the  point  of  In- 
flexion ; but  the  following,  which  is  new,  feems  to  be 
the  fimplell  and  eafieft  of  all.  From  the  nature  of 
curvature  it  is  evident  that,  while  a curve  is  concave 
towards  an  axis,  the  fluxion  of  the'ordinate  decreafes, 
or  is  in  a decreafing  ratio,  with  regard  to  the  fluxion 
of  the  abfeifs  ; but,  on  the  contrary,  that  the  faid 
fluxion  increafes,  or  is  in  an  increafing  ratio  to  the 
fluxion  of  the  abfeifs,  where  the  curve  is  convex  to- 
wm'ds  the  axis  ; and  hence  it  follows  that  thofe  two 
fluxions  are  in  a conftant  ratio  at  the  point  of  Inflec- 
tion, where  the  curve  is  neither  concave  nor  convex. 
That  is,  if  x ~ AD  the  abfeifs,  and  y — DE  the  or» 

dinate,  then  x is  to  ji  in  a conflant  ratio,  or  — or  ~ 

-y.  ^ 

IS  a conflant  quantity.  But  conflant  quantities  have 
no  fluxion,  or  their  fluxion  is  equal  to  nothing;  fo  that 

in  this  cafe  the  fluxion  of  — or  of  — is  equal  to  no- 

F F- 

thing.  And  hence  we  have  this  general  rule  : viz, 

Put  the  given  equation  of  the  curve  into  fluxions  ; 

from  which  equation  of  the  fluxions  find  either  — or 

y 

— ; then  take  the  fluxion  of  this  ratio  or  fradlion,  and 

X 

put  it  equal  to  o or  nothing ; and  from  this  .lafl  equa- 
tion  find  alfo  the  value  of  the  fame  — or  — then 

y ^ ^ 

put  this  latter  value  equal  to  the  former,  which  will 
be  an  equation  from  whence,  and  the  firfl  given  equation’ 
of  the  curve,  andy  will  be  determined,  being  the  ab- 
feifs or  ordinate  anfwering  to  the  point  of  Infleiflioii 
in  the  curve. 

Or,  putting  the  fluxion  of  ~ equal  to  o,  that  is> 

i 

xy  — xy  ..  ...  ... 

-r- — ~ 0,  or  xy  ~~  xy  ~ o,  or  xy  — xY)  hr 

J ^ ^ ^ 

X : y : x : y,  that  is,  the  2d  fluxions  have  the  fame 

ratio  as  the  ill  fluxions,  which  is'a  conflant  ratio  ; and 
therefore  if  v be  conflant,  or  = o,  then  fnall  y be 
==:  o alfo  ; which  gives  another  rule,  viz  ; Take  both 
the  ifl  and  2d  fluxions  of  the  gr/en  equation  of  the. 
curve,  in  which  make  both  x and  y = o,  and  the  re- 
fulting  “‘equations  will  determine  the  values  of  x and  y,. 
or  abfeifs  and  ordinate  anfwering  to  the  point  of  In- 
flexion. 

For  example,  if  it  be  required  to  find  the  point  ofi 
Inflexion  in  the  curve  whole  equation  is 
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m a^j’  + Now  the  fluxion  of  this  is  2axx  = 

a^y.  4-  2xyx  -|-  x'^y,  which  gives  — = . 

y lax  — 2xy 

Then  the  fluxion  of  this  ?vgain  made  = o,  gives 

2xx  . ax  =-  xy  — a'^  ■{-  x'^  » a.i  ~ yx  — xy  ; and  this  gives 

. X a}-  4- 

again  — = X 

y a ■ 

put  = the  former,  gives 


X 


X 


il"  |—  X 


a"  — 


.z 


X 


a?-  4-  x‘ 


2X^  ~ 

fcifs. 


^ -J' 


2X 


— . Laflly,  this  value  of  — 

y 


; and  hence 


a -y 


2x‘  =.  a"  ^ or  3a*  = <2*,  and  x — a the  ab- 


Hence  alfo,  from  the  original  equation, 

ax"^  . 

y ~ ^ — , = T":  — the  ordinate  to  the  point 

4-  A*  ^ 

of  Infietdion  fought. 

W hen  the  curve  has  but  one  point  of  Inflexion,  it 
will  be  determined  by  a Ample  equation,  as  above;  but 
when  there  are  feveral  points  of  Inflection,  by  the 
curve  bending  feveral  times  from  the  one  fide  to  the 
other,  the  refulting  equation  will  be  of  a degree  cor- 
relponding  to  them,  and  its  roots  will  determine  the 
abfciffes  or  ordinates  to  the  fame. 

Other  methods  of  determining  the  points  of  Inflection 
in  curves,  may  be  feen  in  moil  books  on  the  doCtrine 
of  fluxions. 

To  know  whether  a curve  be  concave  or  convex  to- 
wards any  point  alfigned  in  the  axis  ; And  the  value  of 
y at  that  point ; then  if  this  value  be  pofitive,  the 
curve  will  be  convex  towards  the  axis,  but  if  it  be  ne- 
gative, it  will  be  concave. 

INFORMED  Stars,  or  Informes  Stellct;,  are  fuch 
Ears  as  have  not  been  reduced  into  any  conflellation  ; 
otherwife  called  Sporades. — There  was  a great  number 
of  this  kind  left  by  the  ancient  aftronomers ; but  He- 
velius  and  fome  otliers  of  the  moderns  have  provided  for 
the  greater  part  of  them,  by  making  new  conkellations. 

INGINEER.  See  Engineer. 

INGRESS,  in  Aftronomy,  the  fun’s  entrance  into 
one  of  the  figns,  efpecially  Aries. 

INNOCENTS  Day,  a feall  celebrated  on  the  28th 
day  of  December,  in  commemoration  of  the  infants 
murdered  by  Herod. 

INORDINATE  Proportion,  is  where  the  order  of 
the  terms  compared,  is  difturbed  or  irregular.  As, 
for  example,  in  two  ranks  of  numbers,  three  in  each 
rank,  viz,  in  one  rank,  - - 2,  3,  9, 

and  in  the  other  rank,  - - 8,  24,  36, 

which  are  proportional,  the  former  to  the  latter,  but 
in  a different  order,  viz,  - 2 : 3 : : 24  : 36, 

and  - 3:9::  8 : 24. 

then,  caking  out  the  mean  terms  in  each  rank,  it  is 
concluded  that  - - 2 ; 9 : : 8 : 36, 

that  is,  the  flrft  is  to  the  3d  in  the  firft  rank, 
as  the  firft  is  to  the  3d  in  the  2d  rank. 

INSCRIBED  P'lgnre,  is  one  that  has  all  its  angulhr 
points  touching  the  fides  of  another  f^ure  in  which, 
the  former  is  faid  to  be  inferibed. 

Inscribed  Hyperbola,  is  one  that  lies  wholly  within 
the  angle  of  its  afyrnptotes;  as  the  common  or  conical 
hyperbola  doth..  ’ . - 


INSTANT,' otherwife  called  a Moment,  an  infi- 
nitely fmali  part  of  duration,  or  in  which  we  perceive 
no  fucceffion,  or  which  takes  up  the  time  of  only  one 
idea  in  our  mind. 

It  is  a maxim  in  mechanics,  that  no  natural  effedt 
can  be  produced  in  an  Inilant,  or  without  fome  defi- 
nite time ; all'o  that  the  greater  the  time,  the  greater 
the  effedl.  And  hence  may  appear  the  reafon,  why  a 
burthen  feems  lighter  to  a perion,  the  faker  he  carries 
it  ; and  why,  the  failer  a perfon  Aides  or  icates  on  the 
ice,  the  lefs  liable  it  is  to  break,  or  bend. 

INSULATE,  or  Insulated,  a term  applied  to  a 
column  or  other  edifice,  which  hands  alone,  or  free  and. 
detached  from  any  adjacent  wall,  iSce,  like  an  ifland 
in  the  fea. 

Insulated,  in  Electricity,  is  a term  applied  to 
bodies  that  are  fiqrportcd  by  eleCtrics,  or  non-conduc- 
tors ; fo  that  their  cominimlcatlon  with  the  earth,  by 
conducting  fubftances,  is  Interrupted. 

INTACT2E,  are  right  lines  to  which  curves  do^ 
continually  approach,  and  yet  can  never  meet  them 
more  ufually  called  Afyrnptotes. 

INTEGERS,  denote  whole  numhers:  as  contra-- 

diftinguiflied  from  fradlions. Integers  may  be  con- 

fidered  as  numbers  which  refer  to  unity,  as  a whole  to 
a part. 

INTEGRAL  Number,  an  integer  ; not  a fraCtion. 

Integral  Calculus,  in  the  New  Analyfis,  is  the 
reverie  of  the  differential  calculus,  and  is  the  findino- 
the  Integral  from  a given  differential ; being  fimilar 
to  the  inverfe  method  of  fluxions,  or  the  finding  the 
fluent  to  a given  fluxion. 

INTEGRANT  Parts,  In  Phllojophy,  are  the  fimilar 
parts  of  a body,  or  parts  of  the  fame  nature  with  the 
whole  ; as  filings  of  iron  are  the  Integrant  parts  of 
iron,  having  the  fame  nature  and  properties  v/ith'  the 
bar  or  mafs  they  were  filed  off  from. 

INTENSITY,  or  Intension,  in  Phyfics,  is  the 
degree  or  rate  of  the  power  or  energy  of  any  quality  ; 
as  heat,  cold,  &c.  The  Intenfity  of  qualities,  as 
gravity,  light,  heat,  &c,  vary  in  the  reciprocal  ratio  of 
the  fquares  of  the  diflances  from  the  centre  of  the  ra- 
diating quality. 

INTERCALARY  Day,  denotes  the  odd  day  in- 
ferted  in  the  leap-year.  See  Bissextile. 

INTERCEPTED  Axis,  in  Conic  SeRions,.,  the 
fame  with  what  Is  otherwife  called  the  abfeifs  or  ab- 
fclfia. 

INTERCOLUMNATION,  or  Inttrcoliemnia- 
tion,  is  the  fpace  between  column  and  column. 

INTEREST,  is  a fum  reckoned  for  the  loan  or  for- 
bearance of  another,  fum,  onprincipal,  lent  for,  or  due 
at,  a certain  time,,  according  to  fome  certain  rate  or 
proportion  ; being  eflimatcd  ufually  at  fo'  mucli  per 
cent,  or  by  the.  igo.  This  forms  a particular  vuL' 
in  Arithmetic...  The  highefi  legal  Intereft  now  al- 
lowed in  England,  is  after  the  rate  of  5 per  cent,  per 
aunum,.  or.  the  20th  part  of  the  principal  for  the  fpace  of 
a year,  and  fo  in  proportion  for  other  times,  either- 
greater  or  lefs.  Except  In  the  cafe  of  pawn-brokers,  to 
whom  it  has  lately  been  made  legal  to  take  a higher  iii- 
terefl;,  for  one  of  the  work  and  moft  dekrudlive  purpofes 
that  can  be  fuffered  in  any  kate.  - . 

Intcrcfl 
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‘Tntereil  is  ekKer  Simple  or  Compound, 

Simple  Interest,  is  that  which  is  counted  and  al- 
lowed upon  the  principal  only,  for  the  whole  time  of 
forbearance. 

The  film  of  the  Principal  and  Intereft  is  called  the 
Amount, 

As  the  Intereft  of  any  fum,  for  any  time,  is  direftly 
proportional  to  the  principal  fum  and  time;  therefore  the 
intereft  of  i pound  for  one  y'-ear  being  multiplied  by  any 
propofed  principal  fum,  and  by  the  time  of  its  forbear- 
ance, in  y'-ears  and  parts,  will  be  its  Intereft  for  that 
time.  That  is,  if 

r r=  the  rate  6f  Intereft  of  iL  per  annum, 
p = any  principal  fum  lent, 
t = the  time  it  is  lent  for,  and 
a = the  amount,  or  fum  of  principal  and  Intereft  ; 

then  h,prt  ~ the  Intereft  of  the  fumy>,  for  the  time 
at  the  rate  r ; and  confequeiitiy  p + prt  = 

p X I rt  =■  the  amount  of  the  fame  for  that 
time.  And  from  this  general  theorem,  other  theorems 
can  eafily  be  deduced  for  finding  any  of  the  quantities 
above  mentioned  ; which  collected  all  together,  will  be 


follow.; 

\ 

ift, 

a ■=.  p d-  prt 

the  amount, 

2d, 

a 

p ~ 

I + rif 

the  principal 

1 

II 

the  rate, 

pt 

4th, 

II 

1 

the  time. 

pr 

✓ 

t 

Tor  exarriple,  let  it  be  required  to  find  in  what  time 
any  principal  fum  will  double  itfelf,  at  any  rate  of  Sim- 
ple Intereft.  In  this  cafe  we  muft  ufe  the  ift  theorem 
a — p prtj  in  which  the  amount  a muft  be  = 2p  or 
double  the  principal,  i.  e.  + prt  — 2p  ; and  hence 

t = — ^ j where  r being  the  intereft  of  i/.  for  one 
r 

year,  it  "follows  that  the  time  of  doubling  at  Simple 
Intereft,  is  equal  to  the  quotient  of  any  fum  divided 
by  its  Intereft  for  one  year.  So  that,  if  the  rate  of  In- 

lereft  be  c per  cent,  then  rr  20  is  the  time 

of  doubling. 

Or  the  4th  theorem  immediately  gives 

^ ^ 2/>  2 1 _ 

pr  pr  r r 

Tor  more  readily  computing  the  Intereft  on  mo- 
ney, various  Tables  of  numbers  are  calculated  and 
formed;  fuch  as  a Table  of  Intereft  of  \U  for  any 
number  of  years,  and  for  any  number  of  months,  or 
weeks,  or  days,  &c,  and  at  various  rates  of  In- 
tereft. 

Another  Table  is  the  following,  by  which  may  be 
readily  found  the  Intereft  of  any  fum  of  money,  from  i 
'.to  a million  of  pounds,  for  any  number  of  days,  at  any 
rate  of  Jntereft. 


-lii-  i;,,. 

Numb,  f 

/. 

s. 

4. 

No. 

/. 

j. 

</, 

I 000000 

2739 

14 

6 

0*99 

TOO 

0 

5 

5 

3'oi 

900000 

2465 

15 

0 

3'29 

90 

0 

4 

1 1 

0717 

800000 

2191 

7 

1*59 

80 

0 

4 

4 

2*41  . 

700000 

1917 

16 

I 

.r89 

70 

0 

3 

10 

O’ I I 

600000 

1643 

16 

8 

2*19 

60 

0 

3 

3 

do 

500000 

1369 

17 

3 

0*49 

50 

0 

2 

8 

3'5J 

400000 

1095 

17 

9 

2*79 

40 

0 

2 

2 

1*21 

300000 

821 

18 

A 

1 

I -lO 

30 

0 

I 

7 

2 90 

200000 

; 547 

18 

10 

3*40 

20 

0 

I 

I 

o‘6o 

I 00000 

273 

19 

5 

1-70 

10 

0 

0 

6 

2*20 

9OOOO 

246 

1 1 

6 

0-33 

9 

0 

0 

p* 

:> 

3’67 

80000 

219 

3 

6 

2 ’96 

8 

0 

0 

5 

I-Oi.  ^ 

» . 

70000 

191 

55 

7 

I ‘59 

.7 

0 

0 

4 

2-41 

60000 

164 

7 

8 

0’2  2 

6 

0 

0 

3 

378 

50000 

136 

19 

8 

2-85 

5 

0 

0 

3 

1-15 

40000 

: 

1 1 

9 

I -48 

4 

0 

0 

2 

2-55 

30000 

: 82 

3 

lO 

O' I I 

3 

0 

0 

I 

3 '89 

20000 

54 

15 

10 

2'74 

2 

0 

0 

I 

{ *26  j 

1 0000 

27 

7 

1 1 

1*37 

I 

0 

0 

0 

2-63 

9000 

24 

13 

I 

3*23 

o’9 

0 

0 

0 

2-37 

8000 

2 1 

18 

4 

I'lO 

o'8 

0 

0 

0 

2*10 

7000 

19 

3 

6 

2’96 

o«7 

0 

0 

0 

1*84 

6000 

16 

8 

9 

0''82 

o'6 

0 

0 

0 

1-58 

5000 

^3 

t3 

1 1 

2-68 

o'5 

0 

0 

0 

1*32 

4000 

10 

W 

2 

0-55 

0*4 

0 

0 

0 

I'oy 

3000 

8 

4 

4 

2*41 

0*3 

0 

0 

0 

079 

2000 

5 

9 

7 

0*27 

0*2 

0 

0 

0 

0-53 

1000 

2 

H 

9 

2*14 

0*1 

0 

0 

0 

0-26 

900 

2 

9 

3 

3*12 

0*09 

0 

0 

0 

0 24 

800 

2 

3 

10 

0*1  I 

o*o8 

0 

0 

0 

0'2I 

1 700 

1 600 

I 

18 

4 

1*10 

0*07 

0 

0 

0 

o*i8 

I 

12 

10 

2*o8 

o'o6 

0 

0 

0 

o*i6 

I 500 

I 

7 

4 

3*07 

o'05 

0 

0 

0 

0*13 

I 400 

I 

I 

1 1 

0*05 

0*04 

0 

0 

0 

0*1 1 

1 

0 

16 

5 

i’04 

0*03 

0 

0 

0 

o*o8 

I 200 

0 

10 

1 1 

2-03 

0*02 

0 

0 

0 

0*05 

1 100 

0 

5 

5 

3'oi 

1 0*01 

0 

0 

0 

003 

Vrhe  Rule  for  ufmg  the  Table  is  this  : 

Multiply  the  principal  by  the  rate,  both  in  pounds  ; 
multiply  the  produdt  by  the  number  of  days,  and  di- 
vide this  laft  produdt  by  1 00  ; then  take  from  the  Table 
the  feveral  fums  which  ftand  oppofite  the  feveral  parts  of 
the  quotient,  and  adding  them  together  wiU  give  the 
intereft  required. 

Aav  What  is  the  intereft  of  225/.  lor.  for  23  days, 
at  4I  per  cent,  per  annum  ? 


princ.  225*5 

7. 

s. 

d. 

rate  4-5 

againft  200  is  0 

10 

I T 

2-03 

rd 

H 

30—0 

I 

7 

2*90  , 

1014-74  W 

3—0 

0 

I 

3 '89 

75  days  23  y; 

0*3  — ' 0 

0 

0 

0-79 

0*09  — • 0 

0 

0 

0*24 

100)23339-252 

— 

Anf.  0 

12 

9 

I *85  true 

233*3925  in  the  laft  place  of  decimals. 

Another  Ingenious  and  general  method  of  com- 
puting 
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/ 
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piiting  Intereft,  is  by  the  following  fmall  but  compre- 
henlive  Table. 


A General  Inter ejl  Tables 

By  which  the  Intereft  of  any  Sum,  at  any  Rate,  and 
for  any  Time,  may  be  readily  found. 


0 

3 

Cent. 

3lperCent. 

+ per 

Cent. 

4l 

per 

Cest. 

It  per  Cent. 

•-< 

cn 

1.  s. 

d. 

9- 

1.  s. 

d. 

q- 

1. 

c 

w • 

d. 

q- 

1. 

s. 

d. 

q* 

1. 

s. 

d.  q. 

I 

I 

3 

2r 

I 

2 

2 

3 

0 

3 I 

2 

3 

3 

4 

2 

5 

1 

6 

0 

6 2 

3 

5 

3 

6 

3 

7 

8 

3 

9 3 

4 

7 

3 

9 

C 

fO 

2 

II 

3 

I 

I 0 

5 

9 

3 

1 1 

2 

I 

I 

T 

I 

2 

3 

I 

4 I 

6 

1 1 

3 

I 

T 

3 

I 

3 

3 

I 

5 

3 

T 

7 2 

7 

I 

I 

I 

4 

c 

I 

6 

1 

I 

8 

3 

I 

II  0 

8 

I 

3 

3 

I 

6 

1 

I 

9 

0 

I 

1 1 

3 

2 

2 I 

9 

I 

3 

I 

8 

2 

I 

1 1 

2 

2 

2 

2 

2 

5 2 

IC 

I 

7 

2 

I 

j I 

c 

2, 

2 

1 

2 

5 

2 

8 3 

20 

3 

3 

I 

3 

10 

0 

4 

4 

2 

4 

1 1 

I 

5 

5 3 

30 

4 

1 1 

0 

5 

9 

c 

6 

6 

3 

7 

4 

2 

8 

2 2 

40 

6 

6 

3 

7 

8 

0 

8 

9 

0 

9 

10 

I 

10 

1 1 2 

50 

8 

z 

9 

7 

c 

10 

1 1 

12 

3 

3 

13 

8 I 

60 

9 

10 

I 

I r 

6 

c 

13 

I 

3 

9 

2 

16 

5 I 

*70 

1 1 

6 

0 

^3 

5 

c 

15 

4 

0 

17 

3 

I 

19 

2 0 

So 

13 

I 

3 

4 

c 

17 

6 

I 

8 

3 

r 

I 

I I Q 

90 

14 

9 

2 

17 

3 

c 

19 

8 

2 

I 

2 

2 

I 

I 

4 

7 3 

100 

16 

5 

1 

19 

2 

c 

I 

I 

1 1 

0 

I 

4 

8 

0 

I 

7 

4 3 

200 

r 12 

10 

2 

I 18 

4 

I 

1 

3 

10 

0 

2 

9 

3 

3 

2 

14 

9 2 

300 

2 9 

3 

3 

2 17 

6 

1 

5 

9 

0 

3 

13 

II 

3 

4 

2 

2 I 

N.  B.  This  Table  contains  the  intereft  of  lool.  for 
all  the  feveral  days  in  the  ift  column,  and  at  the  feveral 
rates  of  3,  34,  4,  4I,  and  5 percent,  in  the  other  5 co- 
lumns. 

To  Jlnd  the  Inter ejl  of  i(3c/.  for  any  other  time,  as  i 
year  and  278  days,  at  4I  per  cent.  Take  the  fumsfor 
the  feveral  days  as  here  below. 

The  Int.  for  i year  410  00 

Againft  200  ds.  is  2 9 33 

— 70  ds.  - o 17  31 

8 ds.  - o I 1 1 o 


Intereft  required  - 7 18  60 

For  any  other  Sum  than  100/.  Firft  find  for  lOol.  as 
above,  and  take  it  fo  many  time-s  or  parts  as  the  fum  Is 
of  lOol.  Thus,  to  find  for  355I.  at  4I,  for  i year  and 
278  days. 

Firft,  3 times  the  above  ium, 

(for  300].)  is  - 23  15  81 

F (for  5’ol.)  Is  - 3 19  31 

of  ilils  (for  5I.)  o 7 II  o 

So  for  355  it  is  - 28  2 10  2 

When  the  intereft  Is  .required  for  any  other  rate  than 
thofein  the  Tablfe,  it  may  be  eafily  made  out  from  them. 
So  ^ of  5 is  f oi 4 is  2,  4:  ^f  3 is  i j,  | of  3 is  i, 
I -6th  of  3 is  and  i-i2th  of  3 is  And.fo,  by  parts, 
or  by  adding  or  fubtradting,  any  rate  may  be  made 
out. 

Compound called  alfo  Interejl^npon-Interefl, 
is  that  which  is  counted  not  only  upon  the  principal 
ium  lent,  but  alfo  for  its  Intereft,  as  it  becomes  due,  at 
tiie  end  of  each  ftated  time  of  payment.  I • 

Although  it  be  not  lawful  to  lend  money  at  Com- 
p.ound  Intereft,  yet  in  purchafing  annuities,  penfions, 

5- 


&c,  and  taking  leafes  in  reverfion,  it  is  ufual  to  allow 
Compound  Intereft  to  the  purchafer  for  his  ready  mo- 
ney ; and  therefore  it  is  very  neceflary  to  underftand  this 
fulfiedl. 

Befides  the  quantities  concerned  in  Simple  Intereft, 
viz,  the  principal  p,  the  rate  or  Intereft  of  il.  for  i year 
r,  the  amount  a,  and  the  time  /,  there  is  another 
quantity  employed  in  Compound  Intereft,  viz,  the  ra- 
tio of  the  rate  of  Intereft,  which  is  the  amount  of  iL 
for  I time  of  payment,  and  which  here  let  be  denoted 
by  R,  viz,  R I r.  Then,  the  particular  amounts 
for  the  feveral  times  m.ay  be  thus  computed,  viz.  As  I 
pound  is  to  Its  amount  for  any  time,  fo  is  any  propofed 
principal  fum  to  its  amount  for  the  famie  time  ; i.  e, 

il.  : Fv.  : : ^ : yjR  the  ift  yearns  amount, 

ll.  : R ; : : y>R^  the  2d  year’s  amount, 

il.  : R : : t^R^  ; 7;)R3  the  3d  year’s  amount, 

and  fo  on. 

Therefore  in  general,  /'R'^  = « Is  the  amount  for  the 
t year,  or  t time  of  payment.  From  whence  the  foI=> 
lowing  general  theorems  are  deduced  : 


ift, 

2d, 


a 


P 


3d, 

4th, 


R = 


^R‘  the  amount, 

— the  principal. 


P 


the  ratio, 


log.  of  log.  of  , 

— ^ ---2 C the  time; 

log.  01  K 

From  which  any  one  of  the  quantities  may  be  foimdj 
when  the  reft  are  given. 

For  example,  fuppofe  it  were  required  to  find  in, how- 
many  years  any  principal  fum  will  double  itfelf,  at  any 
rate  of  Intereft.  In  this  cafe  we  muft  employ  the  4 th 
theorem,  where  a will  be  — zp,  and  then  It 
\.  a — \.  p 1.  .2/  — !•/'_  If^g*  2 

^ ^ log.  R log.  R log.  R * 

So,  if  the  rate  of  Intereft  be  5 per  cent,  per  annum  ; 
then  R = I + '05 
log.  2 

t = 


1*05,  and  hence 


•3010300 


, = I4’2o67  nearly  5 

log.  1*05  *0211893 

that  is,  any  fum  doubles  in  14-f  years  nearly,  at  tho 

rate  of  5 per  cent,  pci  annum  Conipound  Intereft. 

Hence,  and  from  the  like  queftion  in  Simple  Intereft, 

above  given,  are  deduced  the  times  In  wdiicli  any  fum 

doubles  itfelf,  at  feveral  rates  of  Intereft,  both  fimplc 

and  compound  : viz. 


1 

'"At  Simp.  Tnt, 

At  Comp.  Tnt 

At' 

Years. 

Years. 

2 

50 

35-0028 

40 

280701 

3 

331 

23-44lyy 

3^ 

2Sf 

20*1488 

4 

per  cent,  per  an. 

25 

17-6750 

aI  k Intereft,  i/.  or<^ 

22| 

15*7473 

5 

any  other  fum 

20 

14-2067 

6 

will'  double  in 

i6t 

11-8957 

7 

Ht 

10*244^ 

8 

i2r 

9*0065 

9 

' 

8*0432 

0 

L 

7*2725  • 

Thff 
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' The  following  Table  will  facilitate  tlie  calculation  of 
Compound  Intereil  for  any  fura,  and  any  number  of 
years,  at  various  rates  of  Intereil. 


‘The  Amount  of  iL  hi  any  Number  of  Tears, 


'-'r* 

xrs. 

J 

I 

d>  2 

■4 

' 

5 

6 

1 ' 

!•  0300 

I *.0370 

I * 0400 

1*  0450 

I*  050c 

i * 0600 

1 A)' 

I • 0609 

I*  07  ! 2 

I • 0816 

I- 0920 

!*  1025 

I * 1236 

3 

I*  0927 

I*  1087 

[•1249 

I*  1412 

I ’ 1576 

i*  1910 

4- 

t 1 

I* 1255 

I* 1475 

i'  1699 

1*  1925 

I * 2 1 55“ 

[*2625 

1 5 

I'  LT3 

1-1877 

I * 2 1 67 

I*  2462 

1*2763 

1*3382 

i 6 

I* 1941 

I*  2293 

I * 2653 

I*  3023 

1*340! 

i*  4185 

7 

I •■2299 

1*  2723 

1*3159 

I*  36OQ 

1*4071 

I • 7036 

^ 8 

r°  2668 

I*  3168 

[*  3686 

I*  422  1 

^*4775 

‘•5939 

9 

■I*  3048 

I * 3629 

1*4233 

I * 4861 

1*5513 

I • 6895 

IO 

2*3439 

I * 4 ! 06 

I • 4802 

1*5530 

I * 6289 

i*  7909 

1 1 

1*3842 

I * 4600 

1*5395 

I*  6229 

1*7103 

1-8983 

12 

i‘  4258, 1*511  1 

I*  6010 

I*  6979 

1*7959 

2*0122 

13 

1*4685 

I*  5640 

I * 665 1 

I*  7722 

1*8856 

2’  1329 

14 

1*5126 

1*6187 

[•7317 

I * 85  19 

1*9799 

2*  2609 

1*5580 

1-6753 

i *8009 

i‘9353 

2*  0789 

2*  3966 

16 

1 • 6047 

I '7340 

1-8730 

2*  0224 

2*  1829 

2*5404 

17 

I • 6528 

I • 7947 

1*9479 

2* 1134 

2‘ 2920 

2*6928 

18 

I • 7024 

1-8575 

2*0258 

2*  2085 

2*  4066 

2 ‘8543 

■19 

1-7535 

I*  9225 

2* 1068 

2*3079 

2*5270 

2*0256 

.o| 

I*  8061 

1*  9898 

2*1911 

2*4117 

2-6533 

2- 2071 

'The  ufe  of  this  Table,  which  contains  all  the  powers 
Rb  to  the  20th  power,  or  the  amounts  of  i/.  is  chiefly  to 
caleulate  the  Intereil,  or  the  amount,  of  any  principal 
fum,  for  any  time,  not  more  than  20  years.  For  ex- 
ample, required  to  find  to  how  much  523/.  will  amount 
in  15  years,  at  the  rate  of  5/.  per  cent,  per  annum  Com- 
pound Intereil. 

In  the  Table,  on  the  line  15  and  column  5 percent, 
is  the  amount  of  iL  viz.  - 2 0789, 

this  multiplied  by  the  principal 

gives  the  amount  1087*2647 

or  - - - - 1087/.  yj. 

and  therefore  the  Intereil  is  564/.  ys. 

See  Annuities  ; Difeount;  Reverfion  ; Smart’s  Ta- 
bles of  Intereil  ; the  Philof.  Tranf.  vol.  6,  p.  508  j 
and  moil  books  on  Arithmetic. 

INTERIOR  Angle  of  SeeANGtE^o 

Interior  Polygon,  See  Polygon. 

Interior  Talus,  Sec  Talus. 

Internal  Angles-,  are  all  angles  made  within  any 
figure,  by  the  Jides  of  it.  In  a triangle  ABC,  the  two 


.angles  A and  C are  peculiarly  called  Internal  and  oppo- 


fite,  in  refpeA  of  the  external  angle  CBD,  which  la 
equal  to  them  both  together. 

Internal  Angle  is  alfo  applied  to  the  two  angle* 
formed  between  two  parallels,  by  a line  interfering 
thofe  parallels,  on  each  fide  of  the  interfering  line. 
Such  are  the  angles  a-,  h,  r,  d,  formed  between  the 
parallels  EF  and  GFI,  on  each  fide  of  the  interfering 

line. The  two  adjacent  Internal  angles  a and  or 

c andi/,  are  together  equal  to  two  right  angles. 

Internal  and  Oppofite  Angles,  is  alfo  applied  to 
the  two  angles  a and  b,  which  are  refperively  equal 
to  the  two  Ti  and  m,  called  the  external  and  oppofite 
angles. 

Alfo  the  alternate  Internal  angles  are  equal  to  one 
another ; viz,  a ~ d,  and  b ~ c. 

INTERPOLATION,  in  the  modern  Algebra,  is 
ufed  for  finding  an  intermediate  term  of  a feries,  its 
place  in  the  feries  being  given.  _ 

The  Method  of  Interpolation  was  firil  invented  by 
Mr.  Briggs,  and  applied  by  him  to  the  calculation  of 
logarithms,  &C5  in  his  Arithmetica  Logarithmica,  and 
his  Trigonometria  Britannica  ; w^'here  he  explains,  and 
*fully  applies  the  method  of  Interpolation  by  differences. 
His  principles  were  followed  by  Reginal  and  Mou- 
ton  in  France,  and  by  Cotes  and  others  in  England^ 
Wallis  made  ufe  of  the  method  of  Interpolation  in  va- 
rious parts  of  his  M'orks  ; as  his  Arithmetic  of  Infi- 
nites, and  his  Algebra,  for  quadratures,  &c.  The 
fame  was  alfo  happily  applied  by  Newton  in  various 
,w^ays  : by  it  he  inveiligated  his  binomial  theorem,  and 
quadratures  of  the  circle,  ellipfe,  and  hyperbola  ; fee 
Wallis’s  Algebra,  chap.  85,  &c.  Newton  alfo,  io 
lemma  5,  lib.  3 Princip.  gave  a moft  elegant  folutioft 
of  the  problem  for  drawing  a curve  line  through  the 
extremities  of  any  number  of  given  ordinates  ; and  in 
the  fubfequent  propofition,  applied  the  folution  of  this 
problem  to  that  of  finding  from  certain  obferved  places 
of  a comet,  its  place  at  any  given  intermediate  time. 
And  Hr.  Waring,  wF.o  adds,  that  a folution  ilillmore 
elegant,  on  fome  accounts,  has  been  fmee  difeovered 
by  MeiT.  Nichol  and  Stirling,  has  alfo  refolved  the 
fame  problem,  and  rendered  it  more  general,  without 
having  recourfe  to  finding  the  fiicceffive  differences, 
Philof.  Tranf.  vol.  69,  part  i,  art.  7. 

Mr.  Stirling  indeed  purfued  this  branch  as  a diftiiuR 
fcience,  in  a feparate  treatife,  viz,  Traclatus  de  Sum- 
matione  et  Interpolatione  Serierum  Infinitarum,  in  the 
year  1730, 

When  the  iff,  2d,  or  other  fucceffive  differences  of 
the  terms  of  a feries  become  at  lait  equal,  the  Interpo- 
lation of  any  term  of  fucli  a feries  may  be  found  by 
Newton’s  Differential  Method. 

When  the  Algebraic  equation  of  a feries  is  given, 
the  term  required,  whether  it  be  a primary  or  interme- 
diate one,  may  be  found  by  the  refolution  of  affefled 
equations ; but  when  that  equation  is  not  given,  as  it 
often  happens,  the  value  of  the  term  fought  mull  be 
exhibited  by  a converging  feries,  or  by  the  quadrature 
of  curves.  See  Stirling,  ut  fupra,  p.  86.  Meyer,  in 
A61.  Petr.  tom.  2,  p.  180. 

A general  theorem  for  Interpolating  any  term  is  as 
follows  : Let  A denote  any  term  of  an  equidiftant  ie- 
ries  of  terms,  and  a,  c,  &c,  the  firil  of  the  iff,  2d5 
3d,  &c  orders  of  differences ; then  the  term  k,  whofe 

diffance 
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diftance  from  A Is  exprefled  by  x,  will  be  this,  viz, 
‘Theorem  i, 

Ir  A*—  I3C  — 2. 

x = A -f  -f*  A . b X . . occ. 

2 23 


Now  the  logs,  of  the  given  numbers  will  be  thus : 

2*0043214  = a 
2*0086002  = b 
2*0170333  = d 
2*021 1893  =:  e 


Hence,  if  any  of  the  orders  of  differences  become 
equal  to  one  another,  or  — . o,  this  feries  for  the  inter- 
polated term  will  break  off,  and  terminate,  otherwife 
it  will  run  out  in  an  infinite  feries. 

Ex.  To  find  the  20th  tenn  of  the  feries  of  cubes 
I,'  8,  27,  64,  125,  &c,  or  2h  33,  43,^53,  &c. 


Set  down  the  feries  in  a 
column,  and  take  their  conti- 
nual differences  as  here  an- 
nexed, where  the  4th  differ- 
ences, and  all  after  it  be- 
come o,  alfo  A =:  I, 
a — h — \2y  r = 6, 
and  X — 19  ; therefore  the 
20th  term  fought  is  barely 


A 


a 


I h 

7 ^ 

8 12  ^ 

19  o 

27  „ ‘8 

37  6 


64 

125 


01 


24 


d 

o 


18 


18  17 


z = i 4.19  x'7  + 19  X — X 12+19.— .—  .6 

2 23 

= 1 + 133+  2052  + 5814  = 8000. 


Theor.  2.  In  any  feries  of  eqiiidiflant  terms,  <7,  s<i 
d,  See,  whofe  firft  differences  are  fmall ; to  find  any 
term  wanting  in  that  feries,  having  any  number  of 
terms  given.  Take  the  equation  which  ftands  againfl 
the  number  of  given  terms,  in  the  following  Table  ; 
and  by  reducing  the  equation,  that  term  will  be 
found. 


No. 

1 

2 

3 

4 

5 

6 

See. 


Equations. 

a — b z=z  o * 

a •—  zb  c — o 
a ^b  -i~  30  — d e=z  o 

a — 4^  4-  6r  — 4<7  4-  e ~ o 

^ — 5^  + lor  — lod  -4  3e  — f = o 

a 6b  15^  — zod  + i^e  — 6f  g ■=:  o 

See, 


n 


n — I 

a — nb  -]r  n . c 


d See  = o. 


where  it  is  evident  that  the  coefficients  in  any  equation, 
are  the  uneije  of  a binomial  1 + 1 raifed  to  the  power 
denoted  by  the  number  of  the  equation. 


Ex.  Given  the  logarithms  of  1 01,  102,  104,  and 
105  ; to  find  the  log.  of  103. 

Here  are  4 quantities  given  ; therefore  we  mull 
take  the  4th  equation  a — ^b  6r  — 4<'/-4^r=o, 
in  which  it  is  the  middle  quantity  or  term  c that  is  to 
be  found,  becaufe  103  is  in  the  middle  among  the  num- 
bers 101,  102,  104,  105  ; then  that  equation  gives  the 


value  of  c as  follows,  viz  c = 1-1—  -A 


VoL.  I. 


4*0256335  — b^d 

4 

16*1025340  = 4 . 5 + 
fubtr.  4*0255107  — a -{•  e 

6)12*0770233 

2*0128372  the  log.  of  103. 


Theor.  3.  When  the  terms  a,  h,  c,  d.  See,  arc  at 
unequal  diflances  from  each  other ; to  find  any  inter- 
mediate one  of  thefe  terms,  the  reft  being  given. 

Let  p,  q,  r,  s,  See,  be  the  feveral  diftances  of  thofe 
terms  from  each  other ; then  let 


Cl  -c 


*4-0*1)  = 

c-b  ^ I />  + 74-r’E= 


Bt=/ — B2— Br 

q Ll  = 


•C2-CI 


Dr-D  . 

f+74 


o 4-  ^ * D i 

d-c  ^ £ + 

E2=— B3-B2 

C2=:-i-; , 

r 4-  ^ 

■n  ‘ 

B3  = , 


Sec 


Sec 


Sec 


Then  the  term  z,  whofe  diftance  from  the  beginning  • 
is  X,  will  be 

» = <7  + Ba'  + Ca*  . x—p-\-  . X — p • X — p — q 

+ La  . X — p . X — p — q . X -^p  — q — r + Sec , 
to  be  continued  to  as  many  terms  as  there  are  terms  in 
the  given  feries. 

By  this  feries  may  be  found  the  place  of  a comet,  or 
the  lun,  or  any  other  objedl  at  a given  time  ; by  know- 
ing the  places  of  the  fame  for  feveral  other  given  times. 

Other  methods  of  Interpolation  may  be  found  in 
the  Philof.  Tranf.  number  362  ; or  Stirling’s  Summa- 
tion and  Interpolation  of  Series. 

INTERSCENDENT,  in  Algebra,  is  applied  to 
quantities,  when  the  exponents  of  their  powers  are  ra- 
dical quantities.  Thus  x'^^,  x^^.  Sec,  are  intcrfccn- 
dent  quantities.  See  Eunciion. 

INTERSECTION,  the  cutting  of  one  line,  or 
plane,  by  another  ; or  the  point  or  line  in  which  two 

lines  or  two  planes  cut  each  other. The  mutual  in- 

terfeftion  of  two  planes  is  a right  line.  The  centre  of 
a circle,  or  conic  leftion,  Sec,  is  in  the  interfeOlion  of 
two  diameters  ; and  the  central  point  of  a quadrangle  ’ 
is  the  Interfeiftion  of  two  diagonals. 

INTERSTELLAR,  a word  ufed  by  fome  authors, 
to  exprefs  thofe  parts  of  the  univerfe,  that  are  without 
and  beyond  the  limits  of  our  folar  fyftem. 

In  the  Interftellar  regions,  it  is  fuppofed  there  are  feveral 
other  fyftems  of  planets  moving  round  the  fixed  ftars, 
as  the  centres  of  their  refpeftive  motions.  And  if  it  > 
be  true,  as  it  is  not  improbable,  tlut  each  fixed  ftar  is 
4 N thus 


6 
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tlius  a fun  to  feme  Kabitable  orbs,  or  earths,  that  move 
round  it,  the  Interfteilar  world  will  be  infmitely  the 
greateft  part  of  the  iiniverfe. 

INTERTIES,  or  Interduges,  in  Architeflure, 
thofe  fmall  pieces  of  timber  which  lie  horizontally  be- 
tween the  fummers,  or  between  them  and  the  cell  or 
raifing  plate. 

INTERVAL,  in  Mufic,  the  diiTerence  betAveen  two 
founds,  in  refpebt  of  acute  and  grave.  Authors  diftin- 
guifh  feveral  divihons  of  an  Interval,  as  firft  into  Sim- 
ple and  Compound.-  The 

Simple  Interval  is  that  without  parts,  or  divifion  ; 
fuch  are  the  oftave,  and  all  that  are  within  it  ; as 
the  2d,  3d,  4th,  5th,  6tli,  and  7th,  with  their  varieties. 

Compound  Interval  confifts  of  feveral  leffer  Inter- 
vals; as  the  9th,  loth,  iith,  12th,  &c,  with  their  va- 
rieties. 

This  Simple  Interval  was  by  the  ancients  called  a 
Diaftem,  and  the  Compound  they  called  a Syftem. 

An  Interval  is  alfo  divided  into  Juft  or  True,  and 
into  Falfe.  The 

'JitJl  or  True  Intervals,  are  fuch  as  all  thofe  above 
mentioned,  with  their  varieties,  whether  major  or  mi- 
nor. And  the 

Intervals,  are  the  diminutive  or  fuperfluous 

ones. 

An  Interval  is  alfo  divided  into  the  Confonance  and 
Diffonance  ; which  fee. 

INTESTINE  Motion  of  the  parts  of  fiiidsy  that 
which  is  among  it&  corpufcles  or  component  parts. 

When  the  attradling  corpufcles  of  any  fluid  are 
elaftic,  they  muft  neceflariiy  produce  an  inteftine  mo- 
tion ; and  that,  greater  or  lefs,  according  to  the  de- 
grees of  their  elafticity  and  attradiiive  force.  For,  two 
claftic  particles,  after  meeting,  will  fly  from  each  other, 
with  the  fame  degree  of  velocity  with  which  they  met ; 
abftraifting  from  the  fefiftance  of  the  medium.  But 
when,  in  leaping  back  from  each  other,  they  approach 
other  particles,  their  velocity  will  be  increafed. 

INTRADOS,  the  interior  and  lower  fide,  or  curve, 
of  the  arch  of  a bridge,  &c.  In  contradiftinftion  from 
the  extrados,  or  exterior  curve,  or  line  on  the  upper 
fide  of  the  arch.  See  my  Treatife  on  Bridges  &c. 
prop.  5. 

INVERSE,  is  applied  to  a manner  of  working  the 
rule  of  three,  or  proportion,  which  feems  to  go  back- 
w'ard,  i.  e.  reverfe  or  contrary  to  the  order  of  the  com- 
mon and  diredl  rule  : So  that,  whereas,  in  the  dired 
rule,  more  requires  more,  or  lefs  requires  lefs ; in  the 
Inverfe  rule,  on  the  contrary,  more  requires  lefs,  or 
lefs  requires  more. 

For  inftance,  in  the  diredt  rule  it  is  faid,  If  3 yards  of 
cloth  coft  20  fiiillings,  how  much  will  6 yards  coft  ? 
the  anfwer  is  40  fnillings : where  more  yards  require 
more  money,  and  lefs  yards  require  lefs  money.  But 
in  the  Inverfe  rule  it  is  faid,  If  20  men  perform  a piece 
of  work  in  4 days,  in  how  many  days  will  40  men 
perform  as  much  ? where  the  anfwer  is  2 days  ; and 
here  the  more  men  require  the  lefs  time,  and  the  fewer 
men  the  more  time. 

Inverse  Method  of  Fluxions y is  the  method  of  find- 
ing fluents,  from  the  fluxions  being  given  ; and  is 
fimilar  to  what  the  foreign  mathematicians  call  the  CaL 
cuius  Integralis.  See  Fluents. 


Inverse  Method  ofTangentSy  is  the  method  of  find- 
ing the  curve  belonging  to  a given  tangent  ; as  oppofed 
to  the  diredl  method,  or  the  finding  the  tangent  to  a 
given  curve. 

As,  to  find  a curve  wliofe  fubtangent  is  a third  pro- 
portional to  r — y and  4,  or  Avhofe  fubt:wi.gent  is  equal 
to  the  femiordinate,  or  whole  fubnorraal  is  a conftant 

quantity.' The  foliition  of  this  problem  depends 

chiefly  on  the  Inverfe  m,ethod  of  fluxions.  See  Tan- 
gent. 

Inverse  Proportion y or  Inverse  Ratio y is  that  in 
which  more  requires  lefs,  or  lefs  requires  more.  As 
for  inftance,  in  the  cafe  of  light,  or  heat  from  a lumi- 
nous objebf,  the  light  received  is  lefs  at  a greater  dif- 
tance,  and  greater  at  a lefs  diftance  ; fo  that  here  more, 
as  to  diftance,  gives  lefs,  as  to  light,  and  lefs  diftance 
gives  more  light.  This  is  ufually  expreffed  by  the 
term  Inverfely,  or  Reciprocally;  as  in  the  cafe  above, 
where  the  light  is  Inverfely,  or  Reciprocally  as  the 
fquare  of  the  diftance;  or  in  the  Inverfe  or  E.eciprocal 
duplicate  ratio  of  the  diftance. 

INVERSION,  Invet'fendoy  QX  hy  Innoerfiorty  accord- 
ing to  the  14th  definition  of  Euclid,  lib.  5,  is  Inverting 
the  terms  of  a proportion,  by  ebangingthe  antecedents 
into  confequents,  and  the  confequents  into  antecedents* 
As  in  thefe,  a : h i : c i dy  then  by  Inverfiont, 
h \ a \ ' die, 

'investigation,  the  fearching  or  finding  any 

thing  out,  byme^nsof  certain  fteps,  traces,  or  ways. 

INVOLUTE  Figure  or  CurvCy  is  that  which  is* 
traced  out  by  the  outer  extremity  of  a firing  as  it  is 
folded  or  wrapped  upon  another  figure,  or  as  it  is  un- 
wound from  off  it. The  Involute  of  a cycloid,  is 

alfo  a cycloid  equal  to  the  former,  which  was  firft  dif- 
covered  by  Huygens,  and  by  means  of  which  he  con- 
trived to  make  a pendulum  vibrate  in  the  curve  of  a cy- 
cloid, and  fo  theoretically  at  leaft  vibrate  always  in 
equal  times  whether  the  arch  of  vibration  were  great  or 

fmall,  which  is  a property  of  that  curve. For  the 

dodtrine  and  nature  of  Involutes  and  Evolutes,  fee 
!Evolltte 

INVOLUTION,  in  Arithmetic  and  Algebra,  is  the 
raifing  of  powers  from,  a given  root  ; as  oppofed  to 
Evolution,  wdiich  is  the  extradfing,  or  developing  of 
roots  from-  given  powers.  So  the  Involution  of  the 
number  3,  or  its  powers,  are  thus  raifcd  : 

3 - or  3^  or  3 is  the  ift  power,  or  root, 

3 X 3 or  3^  or  9 is  the  2d  power,  or  fquare, 

3 X 3 X 3 or  3 2 or  27  is  the  3d  power,  or  cube, 

and  fo  on. 

And  hence,  to  find  any  porver  of  a given  root,  or 
qiiantity,  let  the  root  be  multiplied  by  itfelf  a number 
of  times  which  is  one  lefs  than  the  number  of  the  index 
i.  e.  once  multiplied  for  the  2d  root,  twice  for  the  3d 
root,  thrice  for  the  4th  root,  &c. 

Thus,  to  Involve  2 to  the  3d  power. 

•12 


*0 1 44  fquare,  or  2d  powert 
•12 


So 


■G)oi72  8 cube,  or  3d  power* 


JON  [ 643  ] JON 


Sc  alfo,  In  Algebra,  to  luvolvctlie  binomial  a h, 
or  raife  its  powers. 

a b - • - - ifl  power,  or  root 

a b 


+ oh 

+ 


d^  + lab  H-  - - 2(1  power 

a b 


a}  4“  'id^h  H-  2dLr- 
“h  d^b  4-  ah^  -P 


^a^b  4"  b^  - 3d  power 

4~  ^ 


a‘*  + ^db  4-  yi'^b'^  4"  £>0“^ 

4-  db  4“  '^d-b'^  4"  "\£^b^  4~ 

d 4“  ^-dh  4-  ()db"  4-  4"  b^  4t]i  p('!W'er 

And  m like  manner  for  any  other  quantities,  what- 
ever the  number  of  their  terms  mav  be.  But  compound 
algebraic  quantities  are  bell  involved  by  the  Binomial 
’Theorem;  which  fee. 

Simple  quantities  are  Involved,  bv  railing  the  numeral 
coefficients  to  the  given  power,  and  the  literal  quanti- 
ties ^are  railed  by  multiplying  their  indices  by  that  of 
the  root  ; that  is,  the  railing  of  powers  is  performed 
by  the  multiplication  of  indices,  the  fame  us  the  multi- 
plication of  logarithms.  Thus, 

The  2d  power  of  a is  d. 

The  2d  power  of  id  is  I'^d  ^ ^ or  \d. 

The  3d  power  of  '^dl'^  is  Z']dh’^. 

1 ,2  , 3 

The  3d  power  of  d^b^  is  db"^. 

" 

The  «th  power  of  a”  eP  is  V"  or  c?  . 

INWARD  Flanhhig  Angle,  in  Fortification,  is  that 
made  by  the  curtiii  and  the  razant  Hanking  line  of 
defence. 

JOINTvS,  in  Architeflure,  are  the  feparations  be* 
tween  the  Hones  or  bricks  wiiich  may  be  filled  with 
mortar,  plaller,  or  cement. 

Joint,  in  Carpentry,  Sec,  is  applied  to  feveral  man- 
ners  of  allembling,  felting,  or  fixing  pieces  of  wood  to- 
gether. As  by  a mortife  Joint,  a dove-tail  Joint,  Sec. 

Um-verfed  Joint,  in  Mechanics,  an  excellent  inven- 
tion of  Dr.  Hook,  adapted  to  all  kinds  of  motions  and 
flexures  ; of  which  he  has  given  a large  account  in  his 
Cutlerian  I.edtures,  printed  in  1678.  This  feeins  to 
have  given  occafion  to  the  gimbols  ufed  in  fufpending 
the  fea  compalTes  ; the  mechanifm  of  wiiich  is  the  fame 
with  t.hat  of  Defaguliers^s  rolling  lamp. 

JoiNT-/y/wj-,  are  fiich  as  continue  during  the  fame 
time,  or  that  exift  together.  See  IuFF.-y/;;;iw/Vw. 

JOISTS,  or  JoYSTs,  thofe  pieces  of  timber  framed 
into  the  girders  and  fumm.ers,  and  on  which  the  board- 
ing of  floors  is  laid. 

‘‘  JONES  (W  illiam),  F.  R.  S.  a very  eminent 
mathematician,  w'as  born  at  the  foot  of  Bodavon  moun- 
tain [Mynydd  Bodafon]  in  the  parilh  of  Llanfihangel 
tre’r  Bard,  in  the  Ille  of  Anglefy,  North  Wales,  in 
the  year  1675.  liis  father’s  name  was  John  George, 


his  furname  being  the  proper  name  of  Iiis  father.  For 
it  is  a cuftom  in  feveral  parts  of  Vv  ales  for  the  proper 
name  of  the  father  to  become  the  furname  of  his  chil- 
dren. John  George  the  father  was  commonly  called 
Sion  Siors  of  Llanbabo,  to  wdiich  place  he  moved,  and 
where  his  children  wmre  brought. up.  Accordingly  our 
author,  wdiofe  proper  nam.e  w^as  William,  took  the  fur- 
name of  Jones  from  the  proper  name  of  his  father,  who 
was  a farmer,  and  of  a good  family,  being  defeended 
from  Hwfa  ap  CyndJehv,  one  of  the  15  tribes  of 
North  Vfales.  He  gave  his  two  fons  the  common 
fchool  education  of  the  country,  reading,  writing,  and 
accounts,  in  Englifh,  and  the  Latin  Grammar.  ‘ Harry 
his  fccond  fon  took  to  the  farming  biifinefs  ; but  Wil- 
liam the  eldeft,  having  an  extraordinary  turn  for  mathe- 
matical luidies,  determined  to  try  his  fortune  abroad 
from  a place  where  the  lame  w'as  but  of  little  fervice  to 
him.  He'  accordingly  came  to  London,  accompanied 
by  a young  man,  .Rowland  Williams,  alterwards  an  emi- 
nent perfumer  in  Wych-ilreet.  The  report  in  the 
coimtrj'  is,  that  Mr.  Jones  foon  got  into  a merchant's 
counting  hoiife,  and  fo  gained  the  eileem  of  his  mailer, 
that  he  gave  him  the  commamd  of  a fliip  for  a Weil  In- 
dia voyage  ; and  that  upon  his' return  he  fet  up  a mathe- 
matical fchool,  and  publifned  his  book  of  Navigation  ; 
and  that  upon  the  death  of  the  merchant  he  married  his 
widow’  ; that,  lord  Macclesfield’s  fon  being  his  pupil,  fie 
W’as  made  fecretarv  to  the  chancellor,  ami  one  of  the 
deputy  tellers  of  the  exchequer  : — and  they  have  a lloi*y 
of  an  Italian  wedding  which  caufed  great  dlllurbance  in 
lord  Macclesfield’s  family,  but  was  compromifed  by  Mr. 
Jones  ; which  gave  rife  to  a faying,  “ that  Macclesfiejd 
was  the  making  of  Jones,  and  Jones  the  making  of 
Macclesfield.”  The  foregoing  account  of  Mr.  Jones, 
I found  among  the  papers  of  the  late  Mr.  John  Robeft- 
fon,  librarian  and  clerk  to  the  Royal  Society,  wLo  had 
been  well  known  to  Mr.  Jones,  and  poifefled  many  of 
his  papers. 

Mr.  Jones  having  by  his  indufliy  acquired  a compe- 
tent fortune,  lived  upon  it  as  a private  gentleman  for 
many  years,  in  the  latter  part  of  his  life,  in  habits  of  in- 
timacy with  Sir  Ifaac  New^ton  and  others  the  moil  emi- 
nent mathematicians  and  philofophers  of  his  time  ; and 
died  July  3,  1749,  at  74  years  of  age,  being  one  of  the 
vice-prefidents  of  the  Royal  Society  ; leaving  at  his, 
death  one  daughter,  and  his  w'idow  wdth  child,  which 
proved  a fon,  who  is  the  prefent  Sir  William  Jones, 
now'  one  of  the  jiidg*es  in  India,  and  highly  efleemed  for 
his  great  abilities,  extenfive  learning,  and  eminent  pa- 
triotilm. Mr.  Jones’s  publications  are, 

1.  A nenu  Compendwm  of  ihe  Whole  Art  of  Naviga- 
tion, Sec  ; in  fmall  8vo,  lAindon,  1702.  This  is  a neat 
little  piece,  and  dedicated  to  the  Rev.  Mr.  John  Harris, 
the  fame  I believe  who  was  author  of  the  Lexicon 
Technicum,  or  Uiiivcrfal  Didlionaiy  of  Aits  and  Sci* 
ences,  in  w'hofe  houfe  Mr.  Jones  fays  he  compofed  his 
book. 

2.  Synopfis  Palmnrionnn  Maihefeos  : Or  a New^  In- 
trodmllion  to  the  Mathematics,  See;  8vo,  London,  1706* 
Being  a very  neat  and  iifeful  compendium  of  all  tlm 
matliernatical  fciences,  in  about  300  pages. 

His  papers  in  thePhilof.  Traiif.  are  the  followu'ng; 

3.  A Compendious  Difpofition  of  Equations  for  ex* 
hibitingthc  relations  of  Goriiometrical  Lines  ; vol.  44, 
p.  560. 
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4.  A Tra6\  on  Logaritlims ; vol.  6r,  pa.  455. 

5.  Account  of  the  perfon  killed  by  lightning  in 
Tottenham-Coiirt-Chapel,  and  its  effects  on  the  build- 
ing; vol.  62,  pa.  13  I. 

6.  Properties  of  the  Conic  SeAions,  deduced  by  a 
'Compendious  method  ; vol.  63,  pa.  340. 

In  all  thefe  v/orks  of  Mr.  Jones,  a remarkable  neat- 
nefs,  brevity,  and  accuracy,  every  Vidiere  prevails.  He 
feemed,  to  delight  in  a very  fnort  and  comprehenfive 
mode  of  expreflion  and  arrangement ; in  fo  much  that 
fometimes  what  he  has  contrived  to  cxprefs  iji  two  or 
three  pages,  w'ould  occupy  a little  volume  in  the  ordi- 
nary liyle  of  writing. 

Mr.  Jones  it  is  faid  pofiefied  the  bed  mathematical  li- 
brary in  England  ; fcarcely  any  book  of  that  kind  but 
what  was  there  to  be  found.  He  had  collected  alio  a 
great  quantity  of  manufcript  papers  and  letters  of  for- 
mer mathematicians,  which  have  often  proved  ufeful  to 
writers  of  their  lives,  &c.  After  his  death,  thefe  were 
difpeifed,  and  fell  into  different  perfons  hands  ; many  of 
them,  as  well  as  of  Mr.  Jones’s  own  papers,  were  pof- 
feifed  by  the  late  Mr.  JohnRobeitfon,  before  mentioned, 
at  whofe  death  I purchafed  a confiderable  quantity  of 
them.  From  fuch  colledlions  of  thefe  it  was  that  Mr. 
Jones  was  enabled  to  give  that  fird  and  elegant  edition, 
fn  4to,  17 1 1,  of  feveral  of  Newton’s  papers,  that  might 
otherwife  have  been  lod,  intitled,  Analyfis  per  quantita- 
tnrn  Series^  Fluxiones,  ac  Differentias  : cum  Enumeratione 
Llnearum  FerlYi  Or  dims, 

IONIC  Column,  or  Order,  the  3d  of  the  five  orders, 
or  columns,  of  Architedfure.  The  fird  idea  of  this  order 
was  given  by  the  people  of  Ionia ; who,  according  to  Vi- 
truvius, formed  it  on  the  model  of  a young  woman,  dreded 
in  her  hair,  and  of  an  eafy  elegant  flrape,  as  the  Doric 
had  been  formed  on  the  model  of  a drong  robud  man. 

This  column  is  a medium  between  the  maffive  and  the 
more  delicate  orders,  the  fimple  and  the  rich.  It  is  dif- 
tinguifhed  from  the  Compofite,  by  having  none  of  the 
leaves  of  acanthus  in  its  capital ; and  from  the  Tufcan, 
Doric,  and  Corinthian,  by  the  volutes,  or  rams  horns, 
which  adorn  its  capital ; and  from  the  Tufcan  and 
Doric  too,  by  the  channels,  or  fluting,  in  its  fnaft. 

The  height  of  this  column  is  1 8 modules,  or  9 dia- 
meters of  the  column  taken  at  the  bottom ; indeed  at 
fird  its  height  was  but  16  modules  ; but,  to  render  it 
more  beautiful  than  the  Doric,  its  height  was  aug- 
mented by  adding  a bafe  to  it,  which  was  unknown  in 
the  Doric.  M.  le  Clerc  makes  its  entablature  to  be 
4 modules  and  10  minutes,  and  its  pedeftal  6 modules; 
lo  that  the  whole  order  makes  2*8  modules  10  minutes. 

JOURNAL,  in  Merchants  Accounts,  is  a book 
into  which  every  particular  article  is  poded  out  of  the 
Wade-book,  according  to  the  order  of  time,  fpecify- 
ing  the  debtor  and  creditor  in  each  account  and 
tranfadfion.  , 

Journal,  in  Maritime  Affairs,  is  a regider  kept  by 
the  pilot,  and  others,  noticing  every  thing  that  hap- 
pens to  the  fnip,  from  day  to  day,  and  from  hour  to 
hour,  with  regard  to  the  winds,  the  rhumibs  or  courfes, 
th\e  knots  or  rate  of  running,  the  rake,  foundings,  adro- 
nomical  obfervations,  for  the  latitudes  and  lopgitudes, 
&c  ; .to  enable  them  to  adjud  the  reckoning,  and  de- 
termine the  place  where  the  fhip  is. 

In  all  fea  Journals,  the  day,  or  what  is  called  the 
24  hours,  is  divided  into  twice  12  hours,  thofe  before 


noon  marked  A,  M.  for  ante  meridiem,  and  thofe  from 
noon  to  midnight  marked  P.  M.  pod  meridiem,  or 
afternoon. 

There  are  various  ways  of  keeping  a fea  Journal, 
accordinsT  to  the  different  notions  of  mariners  con- 
cerning  the  articles  that  are  to  be  entered.  Some 
writers  diredt  the  keeping  fuch  a kind  of  Journal  as  is 
only  an  abdradf  of  each  day’s  tranfadfions,  fpecifying 
the  weather,  what  diips  or  lands  v/ere  feen,  accidents 
on  board,  the  latitude,  longitude,  meridional  didance, 
courfe,  and  run  : thefe  particulars  are  to  be  drawn 
from  the  fhip’s  log-book,  or  from  that  kept  by  the 
perfon  hirnffelf.  Other, authors  recommend  the  keep- 
ing only  of  one  account,  including  the  log-book,  and 
all.  the  work  of  each  day,  with  the  dedudlions  drawn 
from  it. 

Journal  is  alfo  ufed  for  the  title  of  feveral  books 
which  come  out  at  dated  times  ; and  give  accounts  and 
abdradls  of  the  new  books  that  are  piiblifhed,  with  the 
new  improvements  daily  made  in  arts  and  fciences. 

The  fird  Journal  of  this  kind  was,  the  Journal  des 
S^avans,  printed  at  Paris  : the  defign  was  let  on  foot 
for  the  cafe  of  fuch  as  are  too  bufy,  or  too’  lazy,  to 
read  the  entire  books  tliemfelves.  It  feems  an  excellent 
w^ay  of  fatisfying  a man’s  curiofity?  and  becoming 
learned  upon  eaiy  terms  ; and  fo  ufeful  lias  it  been 
found,  that  it  has  been  executed  in  mod  other  coun- 
tries, though  under  a great  variety  of  titles. 

Of  this  kind  are  the  Adfa  Eruditorum  of  Leipfic  j 
the  Nouvelles  de  la  Republique  des  lettres  of  Mr. 
Bayle,  &c  ; the  Bibliotheque  Univerfelle,  Choifie,  et 
Ancienne  et  Moderne,  of  M.  le  Clerc  ; the  Memoirs 
de  Trevoux,  &c.  In  1692,  Juncker  printed  in  Latin, 
An  Hidoncal  Treatife  of  the  Journals  of  the  Learned, 
publifhed  in  the  feyeral  parts  of  Europe  ; and  Wolfius, 
Struvius,  Morhoff,  Fabricius,  &c,  have  done  fometbing 
of  the  fame  kind. 

The  Philofophical  Tranfadlions  of  London ; the 
Memoirs  of  the  Royal  Academy  of  Sciences  ; thofe 
of  the  Academy  of  Belles  Lettres  ; the  Mifcellanea; 
Naturse  Curiolorum  ; the  Experiments  of  the  Acade- 
my del  Cimento,  the  Adta  Philo-exoticorum  Naturie  et 
Artis,  which  appeared  from  March  1686  to  April 
1687,  and  which  are  a hidory  of  the  Academy  of 
Breffe  ; the  Mifcellanea  Berolinenfia,  or  Memoirs  of 
the  Academy  of  Berlin  ; the  Commentaries  of  the 
Academy  of  Peterdiurgh ; the  Memoirs  of  the  Inditute 
at  Bologna;  the  Adla  Literaria  Sueciag  ; the  Memoirs  of 
the  Royal  Academy  of  Stockholm,  begun  in  1740  ; 
the  Commentarii  Societatis  Regiae  Gottingenfis,  begun 
in  1750,  &c,  &C5  aie  not  fo  properly  Journals,  though 
they  are  frequently  ranked  in  the  number. 

Juncker  and  Wolfiiis  give  the  honour  of  the  fird 
invention  of  Journals  to  Photius.  His  Bibliotheca, 
however,  is  not  altogether  of  the  fame  nature  with  the 
modern  Journals  ; nor  wans  his  defign  the  fame.  It 
confids  of  abridgments,  and  extradfs  of  books  which 
he  had  read  during  his  embaffy  in  Perfia.  M.  Salo 
fird  began  the  Journal  des  S9avans  at  Paris,  in  1665, 
under  the  name  of  the  Sieur  de  Hedonviile  ; but  his 
death  foon  after  interrupted  the  ivork.  The  abbd 
Gallois  then  took  it  up,  and  he,  in  the  year  1674, 
gave  v/ay  to  the  abbe  de  la  Roque,  who  continued  it 
nine  years,  and  was  fucceeded  by  M.  Coufin,  who  car- 
ried it  on  till  the  year  1702,  when  the  abbe  Bjgnon 
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jnHitutcd  a new  Society,  and  committed  the  care  of 
continuing  the  Journal  to  them,  who  improved  and 
publifhed  it  under  a new  form.  This  Society  is  flill 
continued,  and  M.  de  Loyer  has  had  the  infpeclion  of 
the  Journal ; which  is  no  longer  the  work  of  any 
fingle  author,  hut  of  a great  nunrher. 

The  other  French  Journals  are  the  hTemoirs  and  Con- 
ferences of  Arts  and  Sciences,  by  M.  Dennis,  during 
the  years  1672,  1673,  ^^74?  New  Difcoveries  in 

all  the  parts  of  Phyhc,  by  M.  de  Blegny  ; the  Journal 
of  Phyhc,  begun  in  1684,  and  iome  others,  difcontinued 
almoit  as  foon  as  begun. 

Rozier’s  Journal  de  Phyfique,  begun  in  July  1771, 
and  continued,  till  in  the  year  1 780,  there  tvere  19  vols. 
quarto. 

The  Nouvelles  de  la  Republique  des  Lettres,  New'S 
from  the  Republic  of  Letters,  evere  begun  by  M.  Bayle 
in  1684,  and  carried  on  by  him  till  the  year  1687, 
Vrdien  M.  Bayle  being  difablcd  l)y  heknefs,  his  friends, 
M.  Bernard  and  M.  de  la  Roque,  took  them  up,  and 
continued  them  till  1699.  After  an  interruption  of 
nine  years,  M.  Bernard  refumed  the  work,  and  con- 
tinued it  till  the  year  1710.  The  Hiftory  of  the 
Works  of  the  Learned,  by  M.  Bafnage,  was  begun 
in  the  year  1686,  and.  ended  in  1710.  The  Uni- 
verlal  Hillorical  Library,  by  M.  le  Clerc,  was  con- 
tinued to'  the  year  1693,  contained  tw^enty-hve 
volumes.  The  Bibliotheque  Choifie  of  the  fame  au- 
thor, began  in  1703.  The  Mercury  of  France  is  one 
of  the  moft  ancient  Journals  of  that  country,  and  is 
continued  by  different  hands  : the  Memoirs  of  a Hiftory 
of  Sciences  and  Arts,  ufually  called  Memoires  des 
Trevoux,  from  the  place  where  they  are  printed,  began 
in  1701.  The  Effays  of  Literature  reached  but  to  a 
tw’elfth  volume  in  1702,  1703,  and  1704;  thefe  only 
take  notice  of  ancient  authors.  The  Journal  Literaire, 
by  Tmther  Hugo,  began  and  ended  in  1705.  At 
Hamburgh  they  have  made  tyo  attempts  for  a French 
Journal,  but  the  defign  failed  : an  Ephemerides 
S^avantes  has  alfo  been  undertaken,  but  that  foon  dif- 
appeared.  A Journal  des  S9avans,  by  M.  Dartis, 
appeared  in  1694,  dropt  the  year  following. 

That  of  M.  Chauvin,  begun  at  Berlin  in  1696,  held 
out  three  years  ; and  an  effay  of  the  fame  kind  was 
made  at  Geneva.  To  thefe  may  be  added,  the  Journal 
I^iteraiie  begun  at  the  Hague  1715,  and  that  of  Ver- 
dun, and  the  Memoires  Literaircs  de  la  Grande 
Bretagne  by  M.  de  la  Roche  ; the  Bibliotheque  An- 
gloifc,  and  Journal  Britannnique,  which  are  confined 
to  Engllfh  books  alone.  The  Italian  Journals  are, 
that  of  abbot  Nazari,  which  lafted  from  1668  to  1681, 
and  was  printed  at  P.ome.  That  of  Venice  began  in 
1671,  and  ended  at  the  fame  time  wdth  the  other  ; the 
authors  were  Peter  Moretti,  and  Francis  Miletti.  The 


Journal  of  Parma,  by  Roberti  and  Father  Bacchini, 
dropped  in  1690,  and  refumed  again  in  1692. 
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The  Journal  of  Ferrara,  by  the  abbe  de  la  Torre, 
began  and  ended  in  1691.  La  Galerio  di  Minerva, 
begun  in  1696,  is  the  work  of  a Society  of  men  of 
letters.  Seignior  Apoftolo  Zeno,  Secretary  to  that 
Society,  began  another  Journal  in  1710,  under  the 
proteftion  of  the  Grand  Duke  : it  is  printed  at  Venice, 
a.nd  feveral  perfons  of  diftindflon  have  a Iiand  in  it. 
The  Fafti  Euriditi  tklla  Bibliotheca  Volante-,  were 


publifhed  at  Parma.  There  has  appeared  fince,  in 
Italy,  the  Giornale  dei  Letterati. 

I'he  principal  among  the  Latin  Journals,  is  that  of 
Lefpfic,  under  the  title  of  Adla  Eruditorum,  begun  in 
1682  ; P.  P.  Manzani  began  another  at  Parma.  The 
Nova  Literarla  Maris  Balthici  lafted  from  1698  to  1708. 
The  Nova  Literarla  Germaniae,  colledhed  at  Ham.burgk, 
began  in  1703.  The  Adta  Literarla  ex  Maiiiifcriptis, 
and  the  Bibliotheca  curiofa,  begun  in  1705,  and  ended 
in  1707,  are  the  work  of  Struvius.  Mcfl.  Kufter  and 
Sike,  in  1697,  began  a Bibliotheca  Novorum  Libro- 
rum,  and  continued  it  for  twm  years.  Since  that  time, 
there  have  been  many  Latin  Journals;  fuch,  befides 
others,  is  the  Commentarii  de  Rebus  in  Scientia  Na- 
tural! et  Medicina  geftis,  by  M.  Ludwig.  The  Swufs 
journal,  called  Nova  Literarla  Llelvetioe,  was  begun 
in  1702,  by  M.  Scheiichzer  ; and  the  Afta  Medica 
Hafncnha,  publifhed  by  T.  Bartholin,  make  five  vo- 
lumes from  tlie  year  1671  to  1679.  There  are  two 
Low’--Dutch  Journals;  the  one  under  the  title  of 
Boockzal  van  Europe  ; it  w^as  begun  at  Rotterdam  in 
1692,  by  Peter  Rabbus  ; and  continued  from  1702  to 
to  1708,  by  Sew'^el  and  Gavern  : the  other  w'as  done  by 
a phyfician,  called  Rulter,  who  began  it  in  1710. 
The  German  Journals  of  beft  note  are,  the  Monath- 
lichen  Unterrediingen,  wdiich  continued  from  1689  to 
1698.  The  Bibliotheca  Curiofa,  began  in  1704,  and  end- 
ed in  1707,  both  by  M.  Tenzel.  The  Magazin  d’Ham- 
bourg,  begun  in  1748:  the  Phyficalifche  Beluftignnzen, 
or  Philofophical  Amufements,  begun  at  Berlin  in  1751. 
The  Journal  of  Hanover  began  in  1 700,  and  continued 
for  tw^o  years  by  M.  Eccard,  under  the  direction  of 
M.  Leibnitz,  and  afterw^ards  carried  on  by  others. 
The  Theological  Journal,  publifhed  by  M.  Loefeher, 
under  the  title  of  Altes  und  Neues,  that  is,  Old  and 
New.  A third  at  Leiplic  and  Franefort,  the  authors 
Meff.  Walterck,  Kraufc,  and  Grolchufiius ; and  a 
fourth  at  Hall,  by  M.  Turk. 

The  Englilh  Journals  are,  The  Hiftory  of  the  Works 
of  the  Learned,  begun  at  London  in  1699.  Cenfura 
Temporum,  in  1708.  About  the  fame  time  there  ap- 
peared tw'o  new  ones,  the  one  under  the  title  of  Me- 
moirs of  Literature,  containing  little  more  than  an  Eng- 
lifh  tranflatlon  of  feme  articles  in  the  foreign  Journals, 
by  M.  de  la  Roche  ; the  other  a colledlion  of  loofe 
trails,  entitled.  Bibliotheca  curiofa,  or  a Mifcellany. 
Thefe,  however,  wuth  fomc  others,  are  now  no  mere, 
hut  are  fucceeded  by  the  Annual  Regifter,  which  began 
in  1758  ; the  New  Annual  Regifter,  begun  in  1780  ; 
the  Monthly  Review,  which  began  in  the  year  1749, 
and  gives  a charailer  of  all  Englilh  literary  publica- 
tions, wu’th  the  moft  confiderable  of  the  foreign  ones  : 
the  Critical  Review',  w'hich  began  in  1756,  and  is 
nearly'  on  the  fame  plan  : as  alfo  the  I^ondon  Revievw, 
by  Dr.  Kenrick,  from  1775  to  1780  ; Maty’s  Review', 
from  Feb.  1782  to  Aug.  1786;  the  Englifli  Review  be- 
gun in  Jan.  1 783  ; and  the  Analytical  Review,  begun  in  ^ 
May  1788,  and  ftill  continues  with  much  reputation.  Be- 
fides thefe,  we  have  feveral  monthly  pamplilets,  called 
Magazines,  which,  together  with  a chronological  Senes 
of  occurrences,  contain  letters  fiomcorrefpondents,  com- 
municating extraordinary  difcoveries  in  nature  and  art, 
with  controverfial  pieces  on  ail  fubjedls.  Of  thefe,  the 
principal  are  thofe  called,  the  Gentleman’s  Magazine, 
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wIitch  lDegan  ^^  ith  the  year  1731  j the  Ijondon  h/Ia- 

.gazine,  which  began  a few  months  after,  and  has 

Jately  been  difcontinued ; the  Univerfal  Magazine, 

Avliich  is  nearly  of  as  old  a date. 

. ^ 

IRIS,  another  name  for  the  Rainbow  ; wliich  fee. 

Iris  alio  denotes  the  llriped  variegated  circle 
u'ound  the  pupil  of  the  eye,  formed  of  a duplicature 
« of  the  uvea. 

In  different  fubjeefs,  the  Iris  is  of  feveral  very  differ- 
ent colours;  whence  the  eye  is  called  giey,  or  black 
6:c.  In  its  middle  is  a perforation,  through  which 
appears  a fmall  black  fpeck,  called  the  fight,  pupil,  or 
apple  of  the  eye,  round  which  the  Iris  forms  a ring. 

Iris  is  alio  applied  to  thofe  changeable  colours, 
which  fometimes  appear  in  the  glaffes  of  telefcopes, 
.microfeopes,  dec  ; fo  called  from  their  fimilitude  to  a 
• rainbow. 

The  lame  appellation  is  alfo  given  to  that  coloured 
fpedfrum,  which  a triangular  prifmatic  glals  will  projeci 
-on  a wall,  when  placed  at  a proper  angle  in  the  fun- 
beams. 

Iris  Marh'n^  the  Sea-Rahiboiv.  This  elegant  ap* 
pearance  is  generally  feen  after  a violent  florm,  in  which 
the  fea  water  has  been  in  vafi;  emotions.  The  ce- 
lettial  rainbow  however  has  great  advantage  over  the 
marine  one,  in  the  brightneis  and  variety  of  the  colours, 
und  in  their  diftindtnefs  one  from  the  other  ; for  m 
the  fea-rainbow,  there  are  fcarce  any  other  colours 
than  a dufley  yellow  on  the  part  next  the  fun,  and  a 
pale  green  on  the  oppofite  fide.  The  other  colours 
are  not  fo  bright  or  fo  diftindl  as  to  be  well  determin- 
cd  ; but  the  fea-rainbows  are  more  frequent  and  more 
numerous  than  the  others  : it  is  not  uncommon  to  fee 
20  or  30  of  them  at  a time  at  noon-day. 

IRRATIONAL  or  ^anhiies,,  are  the  fame 

as  furds,  or  fuch  roots  as  cannot  be  accurately  extracted, 
"being  incommenfurable  to  unity.  See  Surds. 

IRREDUCIBLE  Cafe.,  in  Algebra,  is  ufed  for 
that  cafe  of  cubic  equations  where  the  root,  according 
to  Qrirdan’s  rule,  appears  under  an  impoffible  or  ima- 
ginary form,  and  yet  is  real.  Thus,  in  the  equation 
the  root,  according  to  Cardan’s  rule, 

will  bex  = ^2-b^  — 121  -f^2--^/— 121,  which 
is  in  the  form  of  an  impoffible  expreffion,  and  yet  it 

is  equal  to  the  quantity  4 ; 

^ ^ - 

for  + — 121  =2  -kv'  — I, 

and  V2— — 121  =2  — I, 
therefore  there  fum  is  x = 

The  other  two  roots  of  the  equation  are  alfo  real. 

A-lgebraifts,  for  almoft  three  centuries,  have  in  vain 
endeavoured  to  refolve  this  cafe,  and  to  bring  it  under 
a real  form  ; and  the  problem  is  not  lefs  celebrated 
among  them,  than  the  fquaring  of  the  circle  is  among 
geometricians. 

It  is  to  be  obferved,  that,  as  in  fome  other  cafes  of 
cubic  equations,  the  value  of  the  root,  though  rational, 
is  found  under  an  irrational  or  lord  form  ; becaufe 
the  root  in  this  cafe  is  compounded  of  two  equal  birds 
with  contrary  figns,  which  dellroy  each  other;  as  if 
2 + a/3  -f  2 — then  X = 4.  In  like  manner, 
in  the  Irreducible  cale,  where  the  root  is  rational, 
there  are  two  equal  imaginary  quantities,  with  con- 
traiy  bgns,  joined  to  real  quantities  ; fo  that  the  ima- 


ginary quantities  deflroy  each  other ; as  in  the  cafe 
above  of  the  root  of  the  equation  — ly.v  =4,  which 
was  found  to  be  2 -f-  i + 2 — — i = 4. 

Tt  is  remarkable  tliat  this  cafe  always  happens,  viz 
one  root,  by  Cardan’s  rule,  in  an  impoffible  forrp,  • 
■whenever  the  equation  has  three  real  roots,  and  no  im- 
poffible ones,  but  at  no  time  elfe. 

If  we  -were  pofrciled  of  a general  rule  for  accurately 
extrafting  the  cube  root  of  a binomial  radical  quan- 
tity, it  is  evident  we  might  refolve  the  Irreducible  cafe 
generally,  which  confills  of  two  of  fuch  cubic  bino- 
mial roots.  Bpt  the  labours  of  the  algebraifts,  from 
Cardan’s  down  to  the  prefent  time,  have  not  been  able 
to  remove  this  difficulty.  Dr.  Vvbiliis  thought  that  he 
had  difeovered  fuch  a rule  ; but,  like  moil  others,  it 
Is  merely  tentative,  and  can  only  fiicceed  in  certain  par- 
ticular circumftances. 

' Mr.  Maferes,  curiitor  baron  of  the  exchequer,  has 
lately  deduced,  bvr  a long  train  of  algebraical  reafon- 
ing,  from  Newton’s  celebrated  binomial  theorem,  an 
iniinite  ieries,  which  will  refolve  this  cafe,  vvithout  any 
inention  of  either  impoffible  or  negative  quantities. 
And  I have  alio  difeovered  feveral  other  feries  which 
will  do  the  fame  thing,  in  all  cafes  whatever;  both 
inferted  in  the  Phil.  Tranf.  See  Cardan’s  Algebra;  the 
articles  Algebra,  Cubic  Equations  ; Wallis’s  Algebra, 
chap.  48  ; De  Moivre  in  the  Appendix  to  Sanderfon’s 
Algebra,  p.  744  ; Philof.  Tranf.  vol.  68,  part  I,  art. 
42,  and  vol.  70,  p.  387. 

IRREGULAR,  fomething  that  deviates  from  the 
common  forms  or  rules.  Thus,  we  fay  an  Irregular 
fortification,  an  Irregular  building,  See. 

Irregular  Figure,  in  Geometry,  whether  plane  or 
folid,  is,  that  whole  Tides,  as  well  as  angles,  are  not  all 
equal  and  fimilar  among  themfelves. 

IRREGULARITIES  in  the  MooFs  motion.  Sec 
Moon. 

ISAGONE,  in  Geometry,  is  fometimes  ufed  for 
a figure  confiiling  of  equal  angles. 

ISLAND,  or  Isle,  a tradl  of  dry  land  encompaffed 
by  water ; whether  by  the  fea,  a river,  or  lake,  &c. 
In  which  fenfe  Ifland  Hands  contradiftinguiflied  from 
Continent,  or  terra  firma  ; liR  e Great  Britain,  Ireland, 
Jerfey,  Sicily,  Minorca,  &c. 

Some  naturaliils  imagine  that  Ifiands  were  formed 
at  the  deluge  : others  think  they  have  been  rent  and 
feparated  from  the  continent  by  violent  ilorms,  inun- 
dations, and  earthquakes  ; while  others  are  thrown  up 
by  volcanoes,  or  otherwife  grow  or  emerge  from  the  fea. 

Varenius  thinks  moil  of  thefe  opinions  true  in  fomc 
inflances,  and  believes  that  there  have  been  Ifiands 
produced  each  of  thefe  ways.  St.  Helena,  Afcenfion, 
and  other  fteep  rocky  Ifiands,  he  fiippofes  have  be- 
come fo,  by  the  lea’s  overflowing  their  neighbouring 
champaigns.  By  the  heaping  up  huge  quantities  of 
fand  &c,  he  thinks  the  Iflands  of  Zealand,  Japan, 
&c,  were, formed  : Sumatra  and  Ceylon,  and  moll  of 
the  Eall  India  Ifiands,  he  rather  thinks  were  rent  off 
from  the  main  land,  as  England  probably  was  from 
France.  It  is  alfo  certain  that  fome  have  emerged 
from  the  bottom  of  the  fea  ; as  Santorini  formerly,  and 
three  other  Ifies  near  it  lately  ; the  lafl;  in  1707,  which 
role  from  the  bottom  of  the  fea,  after  an  earthquake  ; 
the  ancients  had  a tradition  that  Delos  rofe  from  the 
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bottom  of  the  fea  ; and  Seneca  obferves  that  the  Ifland 
Tlierafia  rofe  out  of  the  j$lgean  fea  in  his  time,  of 
which  the  mariners  were  eye  witneffes  ; as  they  have 
been  within  thefe  10  years,  in  the  fea  between  Norway 
and  Iceland,  where  an  Ifland  has  juft  emerged.  The 
late  circumnavigators  too  have  made  it  probable,  that 
many  of  the  South-fea  Idands  have  had  their  founda- 
tions, of  coral  rock,  gradually  increafing,  and  growing 
out  of  the  fea. 

ISLES,  or  rather  Alles,  in  Archite6fuie,  the  fides 
or  wings  of  a building, 

ISOCFIRONA^,  or  Isochronous,  is  applied  to 
fuch  vibrations  of  a pendulum  as  are  performed  in  equal 
times.  Of  which  kind  are  all  the  vibrations  of  the 
fame  pendulum  in  a cycloidal  curve,  and  in  a circle 
nearly,  whether  the  arcs  it  deferibes  be  longer  or 
ftiorter  ; for  when  it  deferibes  a fliorter  arc,  it  moves 
fo  much  the  flower  ; and  when  a long  one,  propor- 
tionably  fafter. 

Isochronal  Linc^  is  that  in  which  a lieavybody  is 
fuppofed  to  defeend  with  a uniform  velocity,  or  without 
any  acceleration. 

Leibnitz,  in  the  A6f.  Erud.  In*pf.  for  April  1689, 
has  a difeourfe  on  the  Linea  Ifochrona,  in  which  he 
fliews,  that  a heavy  body,  with  the  velocity  acquired 
by  its  defeent  from  any  height,  may  defeend  from  the 
fame  point  by  an  infinite  number  of  Ifochronal  curves, 
which  are  all  of  the  fame  fpecies,  differing  from  one 
another  only  in  the  magnitude  of  their  parameters  (fuch 
as  are  all  the  quadratocubical  paraboloids),  and  confe- 
quently  fimilar  to  one  another.  He  fliews  alfo,  how  to 
find  a line,  in  which  a heavy  body  defeending,  fhall  re- 
cede uniformly  from  a given  point,  or  approach  uni- 
formly to  it. 

ISOMERIA,  in  Algebra,  a term  of  Vieta,  de- 
noting the  freeing  an  equation  from  fradfions  ; which 
is  done  by  reducing  all  the  fractions  to  one  common  de- 
nominator, and  then  multiplying  each  member  of  the 
equation  by  that  common  denominator,  that  is  rejecting 
it  out  of  them  all. 

ISOPERIMETRICAL/7-«rfj,  are  fuch  as  have 
equal  perimeters,  or  circumferences. 

It  is  demonftrated  in  geometry,  that  among  Ifoperi- 
metrical  figures,  that  is  always  the  greateft  which  con- 
tains the  moft  fidcs  or  angles.  From  whence  it  follows, 
that  the  circle  is  the  moft  capacious  of  all  figures  which 
have  the  fame  perimeter  with  it. 

That  of  two  Ifopcrimetrical  triangles,  which  have 
the  fame  bafe,  and  one  of  them  two  fides  equal,  mid 
the  otlier  unequal  ; that  is  the  greater  vvhofe  fides  are 
equal. 

That  of  Ifoperimetrical  figures,  whofe  Tides  are  equal 
in  number,  that  is  the  greateft  which  is  equilateral,  and 
equiangular.  And  hence  arifes  the  folution  of  that 
popular  problem,  To  make  the  liedging  or  walling, 
which  will  fence  in  a certain  given  quantity  of  land, 
alfo  to  fence  in  any  other  greater  quantity  of  the  fame. 
For,  let  a'  be  one  fide  of  a recfaiigle  that  will  contain 
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perimeter  of  the  redfangle  : let  alfo  hh^  be  any  greater 
number  of  acres,  in  the  form  of  a fquare,  then  is  h one. 
fide  of  it,  and  4^  its  perimeter,  which  muft  be  equal 
to  that  of  the  redlangle ; and  hence  the  equation 

2.V  d — = 4^,  or  a?'  ■=.  ihx^  in  wdiich  qua- 


dratic equation  the  two  roots  are  x — h dz  w b'^  — 
which  are  the  lengths  of  the  two  dimenfions  of  the 
redlangle,  viz,  wdiofe  area  b'^  is  in  any  proportion  lefs  ■ 
than  the  fquare  ut-,  of  the  fame  perimeter.  AxS,  for  ex- 
ample, if  one  fide  of  a fquare  be  10,  and  one  fide  of  a 
redlaiigle  be  19,  but  the  other  only  i ; fuch  fquare  and 
parallelogram  wall  be  Ifoperimetrical,  viz,  each  perime- 
ter 40  ; yet  the  area  of  the  fquare  is  100,  and  of  the^ 
parallelogram  only  19. 

Ifoperimetrical  lines  and  figures  have  greatly  engaged 
the  attention  of  mathematicians  at  all  times.  The  5th 
book  of  Pappus’s  Collections  is  chiefly  upon  this  fub- 
jeCt  ; where  a great  variety  of  curious  and  important 
properties  are  demonflrated,  both  of  planes  and  folids, 
lome  of  which  w'ere  then  old  in  his  time,  and  many  new- 
ones  of  his  owai.  Indeed  it  feems  he  has  here  brought 
together  into  this  book  all  the  properties  relating  to 
Ifoperimetrical  figures  then  knowm,  and  their  difterent 
degrees  of  capacity. 

The  analyfis  of  the  general  problem  concerning  fi- 
gures that,  among  all  thofe  of  the  fame  perimeter,  pro- 
duce maxima  and  minima,  w'as  given  by  Mr.  James  Ber- 
noulli, from  computations  that  involve  2d  and  3d 
fluxions.  And  feveral  enquiries  of  this  nature  have 
been  flnee  profecuted  in  like  manner,  but  not  always 
with  equal  fuccefs,  Mr,  Maclaurin,  to  vindicate  the 
doCtrine  of  fluxions  from  the  imputation  of  uncertainty, 
or  obfeurity,  has  Illuftrated  this  fubjcCl,  which  is  conli- 
dered  as  one  of  the  moft  abftrufe  parts  of  this  doCfriiie, 
by  giving  the  refolution  and  compolition  of  thefe 
problems  by  firft  fluxions  only  ; and  in  a manner  that 
fuggefts  a fynthetic  demon flration,  ferving  to  verify 
the  folution.  See  Maclaurin’s  Fluxions,  p.  486  ; 
Analyfls  Magni  problcmatis  Ifoperlmetrici  Act.  Erud. 
Lipf.  1701,  p.  213  ; Mem.  Acad.  Scienc.  1705,  1706, 
1718  ; and  the  works  of  John  Bernoulli,  tom.  i, 
p.  202,  208,  424,  and  tom.  2,  p.  235  ; w’here  is  con- 
tained what  he  and  his  brotlier  James  publifhed  on  this 
problem.  Mr.  John  Bernoulli,  in  bis  firft  paper,  con- 
lidered  only  twm  fraall  fuccelTive  fides  of  the  curve  ; 
w'hereas  the  true  method  of  refolving  this  problem  in 
general,  requires  the  confldering  three  fuch  fmall 
fides,  as  may  be  perceived  by  examining  the  two  folu- 
tions. 

M.  Euler  has  alfo  publiflied,  on  this  fubjeCt,  many 
profound  rcfearches,  in  the  Peterfburg  commentaries  ; 
and  there  was  printed  at  Laufanne,  in  1744,  a pretty 
large  work  upon  it,  intitled,  Methodus  inveniendi  lineas 
curvas,  maximi  minimive  proprietate  gaudentes  : five 
Solutio  problcmatis  Ifoperimetrici  in  latifflmo  fenfu 
accept!. 

M.  Cramer  too,  in  the  Berlin  Memoirs  for  1752,  has 
given  a paper,  in  which  he  propofes  to  demonftrate  in 
general,  w'hat  can  be  demonflrated  only  of  regular  fi- 
gures in  the  elements  of  geometry,  viz,  that  the  cii'clc 
is 'the  greateft  of  all  IfopeilmetricaL  figures,  regular  or 
irregular. 
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On  ih  IS  liead,  fee  alfo  Simpfon’s  Trails,  p.  98  j 
and  the  I’hilof.  Tranf.  vol,  49  and  50. 

ISOSCELES  Triangle f is  a triangle  that  has  two 
fides  equal.  In  the  5th  prop,  of  Euclid’s  id  book, 
which  prop,  is  ufualiy  called  the  Pons  Afmorum,  or 
Affes  bridge,  it  is  demonftrated, 
that  the  angles,  a and  at  the 
bale  of  the  ifofceies  triangle,  are 
equal  to  each  other  ; and  that  if 
the  equal  fides  be  produced,  the 
two  angles,  c and  r/,  below  the 
bale,  will  alfo  be  equal.  It  is 
alfo  inferred,  that  every  equila- 
teral triangle  is  alfo  equiangular. 

Other  properties  of  this  figure 
are,  that  the  perpendicular  AP,  from  the  vertex  to  the 
bafe,  bifedls  the  bafe,  the  vertical  angle,  and  alfo  the 
whole  triangle.  And  that  if  the  vertical  angles  of  two 
Ifofceies  triangles  be  equal,  the  two  triangles  will  be 
equiangular. 

ISTPIMUS,  in  Geography,  a narrow  neck  or  flip 
of  land,  that  joins  two  other  large  tradls  together,  and 
feparating  two  feas,  or  two  parts  of  the  fame  fea. 

The  mofb  remarkable  Ifthmufes  ai*e,  that  of  Panama 
or  Straits  of  Darien,  joining  north  and  fouth  America; 
that  of  Suez,  which  connedis  Afia  and  Africa  ; that  of 
Corinth,  or  Peloponnefus,  in  the  Morea  ; that  of  Crim 
Tartary,  otherwife  called  Taurica  Cherfonefus ; that 
of  the  peninfula  Romania  and  ErifTo,  or  the  Illhmus  of 
the  Thracian  Cherfonefus,  12  furlongs  broad,  and 
which  Xerxes  undertook  to  cut  through.  The  An- 
cients had  feveral  defigns  of  cutting  the  Idhmus  of 
Corinth,  which  is  a rocky  hillock,  about  10  miles 
over ; but  without  effedt,  the  invention  ofLuices  being 
not  then  known.  There  have  alfo  been  attempts  for 
cutting  the  Ifthmus  of  Suez,  to  make  a communication 
between  the  Mediterranean  and  the  Red-fea. 

JUDICIAL,  or  JuDiciARY*y^ro/(?^_y  ; that  relating 
to  the  forming  of  judgments,  and  making  prognoftica- 
tions.  See  Astrology. 

JULIAN  Calendar^  is  that  depending  on,  and  con- 
nedled  with  the  Julian  year  and  account  of  time  ; fo 
called  from  Julius  Ca2 far,  by  whom  it  was  ellablifhed. 
See  Calendar. 

Julian  Epoch,  is  that  of  the  inllitution  of  the  Julian 
reformation  of  the  calendar,  which  began  the  46th 
year  before  Chrift. 

Julian  Period,  is  a cycle  of  7980  confecutive  years, 
invented  by  Julius  Scaliger,  from  whom  it  was  named  ; 
though  fome  fay  his  name  was  Jofeph  Scaliger,  and  that 
it  was  called  the  Julian  Period,  becaufe  he  made  ufe  of 
Julian  years.  This  period  Is  formed  by  multiplying 
continually  together  the  three  following  cycles,  viz, 
that  of  the  fun  of  28  years,  that  of  the  moon  of  19 
years,  and  that  of  the  indidfion  of  15  years;  fo  that 
this  epoch,  although  but  artificial  or  feigned,  is  yet  of 
good  ufe  ; In  that  every  year  within  the  period  is  dlf- 
tinguifliable  by  a certain  peculiar  charadter ; for  the 
year  of  the  fun,  moon,  and  indidtion,  will  not  be  the 
fame  again  till  the  whole  7980  years  have  revolved. 
Scaliger  fixed  the  beginning  of  this  period  764  years 
before  the  creation,  or  rather  the  period  naturally  re- 
duces to  that  year,  taking  the  numbers  of  the  three 
given  cycles  as  he  then  found  them  ; and  accounting 
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3950  years  from  the  creation  to  the  birth  of  Chrifl,  this 
makes  the  ift  year  of  the  Chrlllian  era  anfwer  to  the 
4714th  year  of  the  Julian  period  ; therefore,  to  find  the 
year  of  this  period,  anfwering  to  any  propofed  year  of 
Chrifi,  to  the  conftant  number  4713,  add  the  given 
year  of  Chrifi,  and  the  fum  will  be  the  year  of  the  Ju- 
lian period  : thus,  to  4713  adding  1791?  the  fum  6504 
is  the  year  of  this  period  for  the  year  of  Chrift  1791. 
Hence  the  firft  revolution  of  the  Julian  period  will  not 
be  completed  till  the  year  of  Chrift  3267,  after  which  a 
new  revolution  of  this  period  will  commence. 

But  the  year  of  this  period  may  be  found  for  any 
time,  from  the  numbers  of  the  three  cycles  that  com- 
pofe  it,  without  making  ufe  of  the  given  year  of  Chrift, 
thus : multiply  the 
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then  add  the  three  produdts  together,  and  divide  the 
fum  by  7980,  fo  fhall  the  remainder  after  divifion  be  the 
year  of  the  Julian  period  correfponding  to  the  given 
years  of  the  other  three  cycles.  Thus,  for  the  year 
1791,  the  years  of  the  folar,  lunar,  and  Indiftlon  cy- 
cle's, are  8,  6,  and  9 ; therefore  multiplying  by  thefe, 
ScCf  according  to  the  rule,  thus 
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remains  6504  the  year  of  the  Jul.  period. 


Julian  Tear,  is  the  old  account  of  the  year,  efta- 
bllftied  by  Julius  Csefar,  and  confifted  of  365;^  days. 
This  year  continued  in  ufe  in  all  Europe  till  it  was  fu- 
perfeded  in  moft  parts  by  the  new  or  Gregorian  ac- 
count, In  the  year  1582.  In  England  however  It 
continued  to  be  ufed  till  the  year  1752,  when  it  was 
aboliftied  by  adi:  of  parliament,  and  eleven  days  added  to 
the  account,  to  bring  it  up  to  the  new  ftyle.  In 
Ruffia,  the  old  or  Julian  year  and  ftyle  are  ftill  In 
ufe. 

JULY,  the  7th  month  of  the  year,  confiftingof  31 
days  ; about  the  21ft  of  which  the  fun  ufualiy  enters 
the  fign  51  leo.  This  month  was  fo  named  by  Mark 
Antony,  from  Julius  Csefar,  who  was  born  in  this 
month. 

JUPITER,  2(,  one  of  the  fuperior  planets,  re- 
markable for  its  brightnefs,  being  the  brighteft  of  all, 
except  fometimes  the  planet  Venus,  and  is  much  the 
large  ft  of  all  the  planets. 

Jupiter  is  fituated  between  Mars  and  Saturn,  being 
the  5th  in  order  of  the  primary  planets  from  the  fun. 
His  diameter  is  more  than  10  times  the  diameter  of  the 
earth,  and  therefore  his  magnitude  more  than  1000 

times. 
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tunes.  Kis  annual  revolution  about  the  fun,  is  per- 
formed in  1 1 years  3 14  days  12  hours  20  rqinutes  9 fe- 
condg,  going  at  the  rate  of  more  lhan  25  thoufand 
miles  per  hour  ; and  he  revolves  about  his  own  axis  in 
the  fl'ort  fpace  of  9 hours  ^6  minutes,  by  which  his 
equatorial  parts  are  carried  round  at  the  ama/Ing 
rate  of  26  thoufand  miles  per  hour,  which  is  about  25 
times  fafter  than  the  like  parts  of  our  earth  revolve. 

Jupiter  is  furrounded  by  faint  lubllances,  called  zones 
or  belts,  in  which  fo  many  changes  appear,  that  they 
are  generally  afcribed  to  clouds  : for  fome  of  them  have 
been  firll  interrupted  and  broken,  and  then  have  vanilhcd 
entirely.  They  have  loraetimes  been  obferved  of  dif- 
ferent breadths,  and  afterwards  have  all  become  nearly 
of  the  fame  breadth.  Large  fpots  have  been  feen  in  thefe 
belts  ; and  when  a belt  vanifhe.s,  the  contiguous  fpots 
difappear  with  it.  The  broken  ends  of  fome  belts  have 
often  been  obferved  to  revolve  in  the  fame  time  with  the 
fpots : only  thofe  nearer  the  equator  in  fomewhat  lefs  time 
than  thofe  nearer  the  poles  ; perhaps  on  account  of  the 
fun^s  greater  heat  near  the  equator,  which  is  parallel  to 
the  belts  and  courfe  of  the  fpots.  Several  large  fpots, 
which  appear  round  at  one  time,  grow  oblong  by  de- 
grees, and  then  divide  into  two  or  three  round  fpots. 
The  periodical  time  of  the  fpots  near  the  equator  is  9 
hours  50  minutes,  but  of  thofe  near  the  poles  9 hours 
56  minutes.  See  Dr.  Smith’s  Optics,  J 1105  and 
1109. 

The  axis  of  Jupiter  is  fo  nearly  perpendicular  to  his 
orbit,  that  he  has  no  fcnfible  change  of  feafons  ; which 
is  a great  advantage,  and  wifely  ordered  by  the  Au- 
thor of  Nature.  For,  if  the  axis  of  this  planet  were 
inclined  any  confideiable  number  of  degrees,  jufl  fo 
many  degrees  round  each  pole  would  in  their  turn  be 
almoft  6 years  together  in  darknefs.  And,  as  each  de- 
gree of  a great  circle  on  Jupiter  contains  about  706  miles, 
it  is  cafy  to  judge  wliat  vaft  tracts  of  land  would  be 
rendered  uninhabitable  by  any  confiderable  inclination 
of  his  axis. 

The  difference  between  the  equatorial  and  polar 
diameters  of  Jupiter,  is  upwards  of  6cco  miles  ; the 
former  being  to  the  latter  as  13  to  12  : fo  that  his  poles 
are  more  than  3000  miks  nearer  his  centre  than  the 
equator  is.  This  happens  from  his  quick  motion  round 
his  axis  ; for  the  fluids,  together  with  the  light  parti- 
cles, which  they  can  carry  or  wafli  away  with  them, 
recede  from  the  poles  which  are  at  refl,  towards  the 
equator  where  the  motion  is  quickeft,  until  there  be  a 
fufficient  number  accumulated  to  make  up  the  defi- 
ciency of  gravity  loft  by  the  centrifugal  force,  which 
always' arifes  from  a quick  motion  round  an  axis  : and 
when  the  deficiency  of  weight  or  gravity  of  the  par- 
ticles is  made  up  by  a fufficient  accumulation,  there 
is  then  an  equilibrium,  and  the  equatorial  parts  rife 
no  higher. 

Jupiter’s  orbit  is  i°20^  Inclined  to  the  ecliptic.  The 
place  of  his  aphelion  9°  10'  of  ===,  the  place  of  his 
afeending  node  7°  29'  of  and  that  of  Ins  fouth 
or  defeending  node  7°  29'  of  The  excentrl- 

city  of  his  orbit  is  of  his  mean  diftance  from  the 
fun. 

The  fun  appears  to  Jupiter  but  the  48th  part  fo 
large  as  to  us ; and  his  light  and  heat  are  in  the  fame 
VoL.  I. 


fmall  proportion,  but  compenfated  by  the  quick  re- 
turns of  them,  and  by  4 moons,  fome  of  them  larger 
than  our  earth,  which  revolve  about  him  ; fo  that  there 
Is  fcarce  any  part  of  this  huge  planet  but  what  is,  during 
the  whole  niglit,  enlightened  by  one  or  lUorc  of  thefe 
moons,  except  his  poles,  whence  only  tiie  fartheft- 
moons  can  be  feen,  and  where  their  light  is  not  wantedp 
becaufe  the  fun  conftantiv  circidates  in  or  near  the  bo- 

J 

rizon,  and  Is  very  probably  kept  in  view  of  both  poles 
by  the  relradlion  of  Jupiter’s  aLmofphere,  which,  if 
it  be  like  ours,  has  certainly  refiadtive  power  enough . 
for  that  purpofe.  This  planet  feen  from  its  neareft 
moon,  appears  1000  times  as-  large  as  our  moon  docs  to 
us  ; increaling  and  waneing  in  all  her  monthly  ftiapes, 
every  42 1 hours.  I'he  periods,  diltances,  in  femidia- 
meters  of  Jupiter,  and  angles  of  the  orbits  of  thefe 
moons,  feen  from  the  earth  are  as  follow  ; 


No. 

Periods  round 
Jupiicr. 

Dif- 

tances. 

Angles  of 
orbits. 

I 

I 8'“  36'“ 

3'  55" 

2 

3 13  G' 

9 

6 1 4 

3 

7 3 39 

I4J 

9 5^ 

4 

16  18  30 

17  30 

The  three  neareft  moons  of  Jupiter  fall  into  his 
fhadow,  and  are  cclipfed  in  every  revolution  : but  the 
orbit  of  the  4th  fatellite  is  fo  much  Inclined,  that  it 
pafteth  by  Its  oppofition  to  Jupiter,  without  falling 
into  his  ffiadbw,  two  years  in  every  fix.  By  thefe 
eclipfes,  aftronomers  have  not  only  difeovered  that  the 
fun’s  light  takes  up  8 minutes  of  time  in  coming  to  us  ; 
but  have  alfo  by  them  determined  the  longitudes  of 
places  oh  this  earth,  with  greater  certainty  and  facility, 
than  by  any  other  method  yet  known.  'Flic  outermoft, 
of  thefe  fatellites  will  appear  nearly  as  large  as  the 
moon  docs  to  us.  See  M.  De  la  Place’s  Theory  of 
Jupiter’s  Satellites,  in  the  IMcmoires  de  I’Acad.  and 
in  the  Connoilfance  des  Temps  for  1792,  pa.  273. 

Though  there  be  4 primary  planets  below  Jupiter, 
yet  an  eye  placed  on  his  furface  would  never  perceive 
any  of  them  ; unlefs  perhaps  as  fpots  paffing  over  the 
fun’s  dife,  when  they  happen  to  come  between  the  eye 
and  the  fun. — The  parallax  of  the  fun,  viewed  from 
Jupiter,  will  fcarce  be  fen  Able,  being  not  much  above 
20  feconds  ; and  the  fun’s  apparent  diameter  in  Juj.i- 
ter,  but  about  6 minutes.  — Dr.  Gregory  adds,  that  an 
aftronomer  iu  Jupiter  would  ealily  diillngiiifti  two  kinds 
of  planets,  four  nearer  him,  viz  his  fatellites,  and  two 
more  remote,  viz  the  fun  and  Saturn  : the  former  how- 
ever will  fall  vaftly  fliort  of  the  fun  in  briglitncfs,  not- 
withftanding  the  great  difproportlon  in  the  dillances 
and  apparent  magnitude. 

JURIN  (Dr.  James),  a very  diftinguiffied  perfon  in 
feveral  walks  of  literature,  particularly  medicine,  matlie- 
matics,  and  philofophy,  which  he  cultivated  with  equal 
fuccefs.  He  was  lecretary  of  the  Royal  Society  in 
l.ondon,  as  well  as  prefident  of  the  College  of  Phyfl- 
clans  there,  at  the  time  of  his  death,  which  happened 
March  22,  1750. 

Dodlor  Jurin  was  author  of  feveral  ingenious  compo* 
fitions ; particularly  “ an  Fffay  upon  Diftindt  and  In- 
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diftina  Vifion  printed  at  the  end  of  the  2d  volume 
of  Dr.  Smith’s  Syftem  of  Optics ; alfo  feveral  contro- 
verfial  papers  ; againft  Michellotti,  upon  the  momen- 
tum of  l unning  waters  ; againft  Robins,  upon  diilina 
viiioii ; and  againft  the  partifans  of  Leibnitz,  upon  the 
forces  of  moving  bodies  ; &c.  His  papers  inferted  in 
the  Philof.  Tranf.  are  the  following  : 

1.  C)n  the  Sufpenhon  of  Water  in  Capillary  Tubes; 
vol.  30,  p.  739. 

2.  Obiervations  on  the  Motion  of  Running  Water  : 

p.  74^* 

3.  On  an  old  Roman  Infcription  : p.  813. 

A Diicourfe  on  the  Power  of  the  Heart  : p. 
863  and  929. 

5.  On  the  Specific  Gravity  of  Human  Blood  : 
p.  1000. 

6.  Defence  of  his  Doarine  of  the  Power  of  the 
Heart  againfi  the  Objeaions  of  Dr.  Keiil  ; p. 
1039. 
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7.  On  the  Aaion  of  Glafs-Tubes  upon  Water  and 
Quickfilver  : p.  1083. 

8.  On  the  Specific  Gravity  of  Solids  when  weighed 
in  Water  : vol.  3 i,  p.  223 . 

9.  On  the  Motion  of  Running  Water,  againft  Mi- 
chellotti : voL  32,  p.  179. 

10.  Remarkable  Inftance  of  the  Small-pox  : vol,  32, 
p.  191, 

11.  Inoculated  and  Natural  Small-pox  compared; 
vol.  32,  pa.  213. 

12.  On  Meteorological  Diaries  ; vol.  32,  p.  422. 

13.  On  the  Meafure  and  Motion  of  Running  Wa- 
ter ; vol.  41,  p.  5 and  65. 

14.  Meteorological  Obfervations  in  Charles  Town  ; 
vol.  42,  p.  491. 

15.  On  the  Adtion  of  Springs  : vol^43,  p.  46. 

16.  On  the  Force  of  Bodies  in  Motion  : p.  423. 

17.  Dynamic  Principles,  or  Meteorological  Princi- 
ples of  Mechanics  : vol.  66,  p.  103. 
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